
sn1 sn2 e1 e2 practice problems with
answers
SN1, SN2, E1, and E2 practice problems with answers are essential for chemistry students,
particularly those studying organic chemistry. Understanding these mechanisms is crucial for
mastering reaction pathways involving nucleophilic substitution and elimination reactions. This
article will explore each mechanism, provide practice problems, and include detailed answers to
enhance comprehension and retention.

Overview of Reaction Mechanisms

In organic chemistry, nucleophilic substitution and elimination reactions are fundamental processes.
The four primary mechanisms are:

- SN1 (Substitution Nucleophilic Unimolecular): A two-step mechanism involving the formation of a
carbocation intermediate.
- SN2 (Substitution Nucleophilic Bimolecular): A one-step mechanism where the nucleophile attacks
the substrate simultaneously as the leaving group departs.
- E1 (Elimination Unimolecular): A two-step mechanism that also involves a carbocation
intermediate, leading to the formation of alkenes.
- E2 (Elimination Bimolecular): A one-step mechanism where the base abstracts a proton while the
leaving group departs.

Understanding the characteristics of each mechanism is vital for predicting the outcomes of
reactions.

Characteristics of SN1, SN2, E1, and E2 Mechanisms

SN1 Characteristics
- Mechanism Type: Two-step
- Rate Determining Step: Formation of the carbocation
- Dependence: Rate depends only on the concentration of the substrate
- Stereochemistry: Leads to racemization (if the substrate is chiral)
- Substrate Preference: Tertiary substrates are favored

SN2 Characteristics
- Mechanism Type: One-step
- Rate Determining Step: Simultaneous attack and leaving group departure
- Dependence: Rate depends on both substrate and nucleophile concentrations
- Stereochemistry: Inversion of configuration occurs



- Substrate Preference: Primary substrates are favored

E1 Characteristics
- Mechanism Type: Two-step
- Rate Determining Step: Formation of the carbocation
- Dependence: Rate depends only on the concentration of the substrate
- Product Formation: Can lead to a mix of products
- Substrate Preference: Tertiary substrates are favored

E2 Characteristics
- Mechanism Type: One-step
- Rate Determining Step: Base abstracts a proton while the leaving group leaves
- Dependence: Rate depends on both substrate and base concentrations
- Product Formation: Results in the formation of alkenes with specific stereochemistry
- Substrate Preference: Typically occurs with secondary or tertiary substrates

Practice Problems

The following problems will test your understanding of SN1, SN2, E1, and E2 mechanisms. Each
problem is followed by answers and explanations.

Problem 1: SN1 Reaction
Predict the major product of the following reaction:
1. 2-bromo-2-methylpropane + water (solvent)

Problem 2: SN2 Reaction
What will be the product of the following reaction?
2. 1-bromopropane + sodium hydroxide (NaOH)

Problem 3: E1 Reaction
For the reaction below, determine the product:
3. 2-bromo-2-methylbutane + heat

Problem 4: E2 Reaction
Predict the major product of the following reaction:
4. 2-bromo-3-methylpentane + potassium tert-butoxide (t-BuOK)



Answers and Explanations

Answer to Problem 1
Major Product: 2-methyl-2-propanol (tert-butyl alcohol)

Explanation: In an SN1 reaction, the 2-bromo-2-methylpropane undergoes heterolytic cleavage to
form a stable tertiary carbocation. Water, acting as a nucleophile, attacks the carbocation, leading to
the formation of 2-methyl-2-propanol. The reaction is favored due to the stability of the tertiary
carbocation formed.

Answer to Problem 2
Major Product: Propan-1-ol

Explanation: In an SN2 reaction, the sodium hydroxide (NaOH) acts as a nucleophile that attacks the
primary carbon of 1-bromopropane. The reaction occurs in a single concerted step where the
hydroxide ion displaces the bromine atom, leading to the formation of propan-1-ol. Inversion of
configuration occurs, although it is not relevant here since the substrate is not chiral.

Answer to Problem 3
Major Product: 2-methylbutene

Explanation: The E1 mechanism involves the formation of a carbocation from 2-bromo-2-
methylbutane. This carbocation can then undergo elimination to form alkenes. In this case, the most
stable alkene formed is 2-methylbutene. The reaction favors the more substituted alkene due to
stability.

Answer to Problem 4
Major Product: 3-methyl-2-pentene

Explanation: In the E2 mechanism, the strong base potassium tert-butoxide abstracts a proton from
the β-carbon while the leaving group (bromine) departs. This concerted process leads to the
formation of an alkene. The major product, 3-methyl-2-pentene, is the more substituted alkene,
which is favored according to Zaitsev's rule.

Conclusion

Understanding SN1, SN2, E1, and E2 mechanisms is vital for any student of organic chemistry. Each
mechanism has its own characteristics and preferred substrates that dictate the products formed in
a reaction. The practice problems and their detailed answers provide a solid framework for
mastering these concepts. By working through various scenarios, students can develop a deeper



appreciation for the complexity and beauty of organic reactions, preparing them for more advanced
studies in the field.

Frequently Asked Questions

What is the main difference between SN1 and SN2 reactions?
The main difference is that SN1 reactions involve a two-step mechanism where the substrate first
forms a carbocation, while SN2 reactions occur in a single step with a direct attack by the
nucleophile.

What factors determine whether a reaction will proceed via
SN1 or SN2 mechanisms?
Factors include the structure of the substrate (tertiary substrates favor SN1, while primary
substrates favor SN2), the strength of the nucleophile (strong nucleophiles favor SN2), and the
solvent used (polar protic solvents favor SN1, while polar aprotic solvents favor SN2).

How do you predict the major product of an E1 reaction?
In an E1 reaction, the major product is typically the more stable alkene, which can be determined by
Zaitsev's rule, favoring more substituted alkenes as the major product.

What role does the solvent play in E2 reactions?
In E2 reactions, the solvent can affect the rate of reaction; polar aprotic solvents enhance the
nucleophilicity of the base used, thereby increasing the reaction rate.

Can tertiary substrates undergo SN2 reactions? Why or why
not?
No, tertiary substrates cannot undergo SN2 reactions because the steric hindrance around the
carbon atom makes it difficult for the nucleophile to perform a backside attack, which is required for
SN2.

What type of nucleophile is preferred for SN2 reactions?
Strong nucleophiles are preferred for SN2 reactions, as they can effectively attack the substrate
during the rate-limiting step of the reaction.

In what scenario would an E1 reaction be favored over an E2
reaction?
An E1 reaction is favored in cases where a stable carbocation can be formed, such as with tertiary or
resonance-stabilized substrates, and in polar protic solvents that can stabilize the carbocation.



How can you distinguish between E1 and E2 reactions in
practice problems?
To distinguish between E1 and E2 reactions, look for the presence of a strong base (which indicates
E2) and check if the reaction proceeds in a concerted mechanism (E2) or involves carbocation
formation (E1).
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