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Answer Key for Predicting Products in Reactions: A Comprehensive Guide

In organic chemistry, one of the most common and challenging tasks students face is predicting the products of a 

chemical reaction. Whether you are studying for a midterm, preparing for a professional exam, or simply looking to 

deepen your understanding of reaction mechanisms, having a reliable answer key for predicting products in 

reactionscan make the learning process smoother and more effective. This guide will walk you through the

fundamentals of product prediction, introduce systematic approaches, provide illustrative examples with detailed

answer keys, and share practical tips to help you master this essential skill.

Why Product Prediction Matters

Predicting the products of a reaction is not just an academic exercise; it is a core competency in chemistry that

underpins everything from drug design to environmental science. Understanding how molecules transform under

various conditions allows chemists to:

•  Design efficient synthetic routes for pharmaceuticals and materials.

•  Anticipate side products and minimize waste.

•  Interpret spectroscopic data to confirm structures.

•  Develop safer chemical processes by predicting toxic intermediates.

Because of its importance, many chemistry curricula emphasize product prediction early on. Mastery of this skill

provides a solid foundation for advanced topics such as reaction mechanisms, kinetics, and computational

chemistry.

Common Types of Organic Reactions

Before diving into answer keys, it helps to categorize the reactions you will encounter. Below are the main reaction

families that most students study:

Substitution Reactions

These involve the replacement of one functional group by another. They are further divided into:

•  SN1 (unimolecular nucleophilic substitution)

•  SN2 (bimolecular nucleophilic substitution)

Elimination Reactions

Elimination removes elements from a molecule, often forming a double bond. The most common types are:

•  E1 (unimolecular elimination)

•  E2 (bimolecular elimination)

Addition Reactions

These add two fragments across a multiple bond. Typical examples include:

•  Electrophilic addition to alkenes and alkynes



•  Hydrogenation

•  Hydrohalogenation

Redox Reactions

Redox processes involve the transfer of electrons, changing oxidation states. Key reactions include:

•  Oxidation of alcohols to aldehydes or ketones

•  Reduction of ketones to alcohols

•  Reactions with oxidizing agents like KMnO4 or NaOCl

Other Reaction Families

These include:

•  Condensation reactions (e.g., esterification, amidation)

•  Polymerization

•  Pericyclic reactions (e.g., Diels–Alder)

Systematic Approach to Product Prediction

To consistently arrive at the correct product, follow this step-by-step strategy:

1.  Identify the Reactants and Conditions – Note the starting molecules, reagents, solvents, temperature, and 

any catalysts.

2.  Determine the Reaction Type – Use the conditions to classify the reaction (SN1, E2, etc.).

3.  Locate the Reactive Site – Find the functional group or bond that will participate.

4.  Apply the Mechanistic Rules – Use electron flow, leaving group ability, and steric factors to predict the 

outcome.

5.  Consider Regioselectivity and Stereoselectivity – Determine which isomer or stereoisomer is favored.

6.  Draw the Final Product – Verify that the product obeys valence rules and is chemically plausible.

Below we provide a series of practice problems with answer keys that illustrate each step in detail.

Practice Problems and Answer Keys

Problem 1: SN2 Nucleophilic Substitution

Question: Predict the product of the reaction between 1-bromobutane and sodium hydroxide in ethanol.

Answer Key 1

1.  Reactants and Conditions: 1-bromobutane (CH3CH2CH2CH2Br), NaOH (strong nucleophile), ethanol (polar 

protic solvent).

2.  Reaction Type: SN2, because the substrate is primary and the nucleophile is strong.

3.  Reactive Site: The carbon bonded to Br.

4.  Mechanistic Rule: The nucleophile attacks from the backside, displacing Br"�.

5.  Product: 1-propanol (CH3CH2CH2OH).

6.  Verification: The product has a primary alcohol, consistent with an SN2 mechanism.

Problem 2: E2 Elimination

Question: What is the product of 2-bromo-2-methylpropane reacting with potassium tert-butoxide in DMSO?

Answer Key 2

1.  Reactants and Conditions: 2-bromo-2-methylpropane (tert-butyl bromide), KOtBu (strong base), DMSO 



(polar aprotic).

2.  Reaction Type: E2, because the substrate is tertiary and the base is strong.

3.  Reactive Site: The ;"Ö€ydrogen to the bromine. In this case, the only ;"Ö€ydrogens are on the two methyl groups.

4.  Mechanistic Rule: The base abstracts a ;"Ö€ydrogen while the leaving group departs, forming a double bond.

5.  Product: 2-methylpropene (isobutylene).

6.  Verification: The product is a stable alkene with a substituted double bond.

Problem 3: Electrophilic Addition to an Alkene

Question: Predict the product when propene reacts with HBr in the presence of peroxides.

Answer Key 3

1.  Reactants and Conditions: Propene (CH3CH=CH2), HBr, peroxides (radical initiators).

2.  Reaction Type: Radical addition (anti-Markovnikov).

3.  Reactive Site: The double bond of propene.

4.  Mechanistic Rule: Radical chain mechanism leads to addition of Br to the less substituted carbon.

5.  Product: 1-bromopropane (CH3CH2CH2Br).

6.  Verification: The product follows anti-Markovnikov orientation.

Problem 4: Redox Reaction – Oxidation of a Primary Alcohol

Question:What is the product when 1-propanol is treated with PCC (pyridinium chlorochromate) in

dichloromethane?

Answer Key 4

1.  Reactants and Conditions: 1-propanol (CH3CH2CH2OH), PCC, CH2Cl2.

2.  Reaction Type: Oxidation of a primary alcohol to an aldehyde.

3.  Reactive Site: The hydroxyl group on the terminal carbon.

4.  Mechanistic Rule: PCC oxidizes primary alcohols to aldehydes without overoxidation to carboxylic acids.

5.  Product: Propanal (CH3CH2CHO).

6.  Verification: The product is an aldehyde with the correct chain length.

Problem 5: Condensation – Esterification

Question: Identify the product when acetic acid reacts with ethanol in the presence of sulfuric acid.

Answer Key 5

1.  Reactants and Conditions: Acetic acid (CH3COOH), ethanol (CH3CH2OH), H2SO4 (acid catalyst).

2.  Reaction Type: Fischer esterification.

3.  Reactive Site: The carbonyl carbon of acetic acid and the hydroxyl group of ethanol.

4.  Mechanistic Rule: Protonation of the carbonyl oxygen increases electrophilicity; nucleophilic attack by 

ethanol followed by proton transfer and loss of water.

5.  Product: Ethyl acetate (CH3COOCH2CH3).

6.  Verification: The product is an ester with the expected alkyl group.

Key Strategies for Mastering Product Prediction

1. Memorize Functional Group Reactivity

Understanding how each functional group behaves under different reagents is essential. Keep a reference sheet

that lists:

•  Leaving group ability (I"� > Br"� > Cl"� > F"�).



•  Base strength (OH"� > NR2 > H2O).

•  Acid strength (pKa values).

•  Typical reaction pathways for each group.

2. Practice Mechanism Diagrams

Drawing arrow-pushing mechanisms helps solidify your understanding of electron flow. Even if the exam only asks

for the final product, visualizing the mechanism ensures you won't miss a hidden rearrangement or side reaction.

3. Use the “Rule of Thumb” for Regioselectivity

For many reactions, the most substituted carbon tends to become the more stable product. For example:

•  Markovnikov addition: Electrophile adds to the less substituted carbon.

•  Anti-Markovnikov addition: In radical conditions, electrophile adds to the more substituted carbon.

•  SN1: The more stable carbocation intermediate dictates the product.

4. Identify Possible Rearrangements

Carbocation intermediates can undergo hydride or alkyl shifts. Always consider whether a rearrangement could

lead to a more stable product before finalizing your answer.

5. Keep an Eye on Stereochemistry

Some reactions produce chiral centers or double bonds with E/Z stereochemistry. Use wedge/dash notation and

consider the stereochemical outcome of the reaction step.

Common Pitfalls to Avoid
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