E2 Reaction Study Guide: Mastering
Concerted Elimination for Organic
Chemistry Exams

In this post, we’ll break down the E2 (elimination, bimolecular) mechanism step by step—
focusing on regioselectivity, stereochemistry, kinetics, and exam-relevant strategy. If you
need deeper reinforcement, check out our roadmap post comparing SN1/SN2/E1/E2, and
consider 1-on-1 tutoring for structured mastery.

Overview

The E2 reaction is a one-step, concerted elimination reaction where:
1. Astrong base removes a proton (B-hydrogen)
2. The leaving group departs
3. Adouble bond forms

All three events occur simultaneously.

Because both substrate and base are involved in the rate-determining step, E2 reactions follow second-order
kinetics.

Key aspects include:
e  Strong base required
e Anti-periplanar geometry requirement
e Regioselectivity (Zaitsev vs Hofmann)
e Stereospecificity (anti elimination)

e Competes with SN2

Mechanism, Stereochemistry, and Kinetics
The Single Concerted Step
Unlike SN1 or E1, there is no carbocation intermediate.

The base removes a B-hydrogen while:



e The C-H bond breaks
e The C-Xbond breaks

e Thembondforms
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All at once.

This is why the reaction is called concerted.

Anti-Periplanar Requirement (Critical for Exams)

For E2 to occur:
e The B-hydrogen and leaving group must be anti-periplanar
¢ That means they must be 180° apart in the same plane

This requirement comes from orbital alignment. The o C-H bond must overlap properly
with the o* C-X antibonding orbital to allow elimination.

In acyclic systems:
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In cyclic systems (like cyclohexane):

e The leaving group and hydrogen must both be axial.

e Ifthe leaving group is equatorial, elimination cannot occur until a chair flip happens.



This is one of the most commonly tested E2 concepts.
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Forms the Hoffman product due to hydrogen not being accessible to anti-periplanar attack

Regioselectivity: Zaitsev vs Hofmann

When multiple B-hydrogens exist, which alkene forms?
Zaitsev’s Rule (Default Outcome)

The more substituted alkene is favored.

Why?

More substituted alkenes are more stable
Hofmann Product (Exception)
Forms when:
e The baseis bulky (e.g., tert-butoxide)
e Steric hindrance prevents removal of the more substituted B-hydrogen

Bulky bases favor the less substituted alkene.

Kinetics
Second-Order Kinetics
Rate = k[substrate][base]

This means:



e Stronger base - faster reaction

e Higher base concentration > faster reaction

e More substituted substrate > generally faster (3° > 2°> 1°)
Unlike SN1/E1:

e No carbocation stability is required.

e Reactionrate depends directly on base strength.

Energy Diagram for E2

The energy diagram shows:
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Figure 1: Adapted from Chemistry libre texts, shows the antiperiplanar attack of the 8-Hydrogen and the simultaneous
formation of double bound and removal of leaving group.
https://chem.libretexts.org/Bookshelves/Organic_Chemistry/Supplemental_Modules_(Organic_Chemistry)/Alkyl_Halides
/Reactivity_of Alkyl Halides/Alkyl Halide_Reactions/Substitution_and_Elimination_Reactions_of Alkyl Halid

Factors Influencing E2
Substrate Structure

v 3° > Excellent, SN2 cannot occur
v 2°-> Good
v 1°-> Possible (requires strong bulky base)



B-branching also increases E2 in comparison to SN2 even with small nucleophiles due to
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steric hinderance

Base Strength

v Strong base required

Examples:
e OH~
e OR~

e tert-butoxide

Weak bases favor E1 instead.

Solvent Effects

Polar aprotic solvents:
¢ Increase base strength
e FavorE2

Polar protic solvents:

e Can weaken base through hydrogen bonding

Competition: E2 vs SN2
Strong base + primary substrate > SN2 favored
Strong bulky base + primary substrate > E2 favored

Secondary substrates > mixture possible



Tertiary substrates > E2 only (no SN2 possible)

Conclusion
To master E2, stop memorizing and start visualizing.
Ask yourself:
e Where is the B-hydrogen?
e Is anti-periplanar geometry possible?
e Isthe base bulky?
e Can SN2 compete?
If you can answer those four questions, you can solve almost any E2 exam problem.

Practice drawing chair conformations. Practice predicting Zaitsev vs Hofmann. Practice
distinguishing from SN2.

And if you want structured problem-solving practice, check out our elimination roadmap
and tutoring options.



