
Consider the reaction of 2-bromobutane with 
potassium tert-butoxide. 

The Hoffman rule is a case where the kinetic 
product is the not the most stable product 
possible (thermodynamic product). 

Consider the reaction-energy diagram: 

Hoffman Rule 



E2 Mechanism Summary 



Byproducts, Competing Reactions, and Side Products 

Byproducts are required products of a reaction that are 
formed along with the desired product. They are formed as 
part of the mechanism. 

Substitution & elimination reactions can compete with one 
another. 

Even when one mechanism may dominate, other 
mechanisms may compete in side reactions to make side 
products – reducing the yield of the desired product. 

By controlling the conditions that favor one mechanism over 
another, we can try to minimize side reactions. 



SN2 (& SN1) vs. E2 – Substrate & Base Considerations 

Primary substrate 
u  If the base is small (hydroxide, 1º alkoxides), SN2 dominates 

because backside approach is unhindered. Some E2 competition / 
side reaction possible. For a bulky base (eg. t-BuOK), E2 will take 
place, as the base is too hindered to be nucleophilic. 

Secondary substrate 
u  If the base/nucleophile is strong (hydroxide, alkoxide, etc.)  

E2 is generally favored, as approach to the alpha carbon is 
hindered. Some SN2 competition / side reaction may occur. 

Tertiary substrate 
u  Approach to the carbon is extremely hindered, making  SN2 

essentially impossible. For a strong base, E2 dominates. However, 
SN1 reactions may compete slightly.  
(SN1 is favored for a weak base.) 



SN2 vs. E2 -  Other Factors 

Size of the Base/Nucleophile 
u  Large sterically hindered bases favor elimination because they 

cannot directly approach the carbon closely enough to react in a 
substitution. 

u  Potassium tert-butoxide is an extremely bulky base and is routinely 
used to favor E2 reactions, even for a 1º alkyl halide. 

Solvent 
u  With a strong base, polar protic solvents tend to favor E2 reactions 

over SN2, as basicity is less affected by solvation than is 
nucleophilicity.  



•  The transition state of an E2 reaction consists of four atoms from an alkyl 
halide – the hydrogen atom, the α and β carbon atoms, and the leaving 
group – all aligned in a plane.  

•  There are two ways for the C-H and C-X bonds to be coplanar: 

Stereochemistry of E2 Reactions – a closer look 



Two Possible Geometries for E2 Reactions 

•  E2 elimination occurs most often in the anti periplanar geometry. 



•  The requirement of anti periplanar geometry in an E2 reaction 
has important consequences for compounds containing six-
membered rings. 

Anti Periplanar Geometry and Cyclohexane Rings 



Trans Diaxial Geometry for E2 Reactions 

•  For E2 elimination, the C-Cl bond must be anti periplanar to the C-H 
bond on a β carbon, and this occurs only when the H and Cl atoms 
are both in the axial position.  

•  The requirement for trans diaxial geometry means that elimination 
must occur from the less stable conformer, B. 



E2 Reactions of  
Cis and Trans Isomers 

Cis Isomer: 



Trans Isomer: 

E2 Reactions of Cis and Trans Isomers 



Neomenthyl chloride and menthyl chloride give different elimination 
products.  
Predict the products of the reaction of each compound  
with sodium ethoxide in ethanol. 

 
 

Draw the confomer for the cyclohexane ring that will put the LG in an axial 
position.   
The hydrogen and leaving group must both be in axial positions to 
undergo E2 elimination. 
In some compounds, more than one β-H may be removed to form a 
double bond. In these cases, the Zaitsev product will dominate. 

Analyzing the products of the E2 reaction in a ring system 



Paying close attention to both regioselectivity and stereochemistry, 
predict the two products formed by the elimination reaction below.  

Indicate which is major and which is minor. 

Analyzing the products of the E2 reaction in a ring system 

Cl

NaOEt

EtOH



•  The dehydrohalogenation of (CH3)3CI with H2O to form (CH3)2C=CH2 can 
be used to illustrate the second general mechanism of elimination, the E1 
mechanism. 

•  Consider the reaction, mechanism, and energy diagram. 

•  An E1 reaction exhibits first-order kinetics: 

rate = k[(CH3)3CI] 

•  The E1 reaction proceeds via a two-step mechanism: the bond to the 
leaving group breaks first, forming a carbocation before the π bond is 
formed by removal of a hydrogen ion.  

•  The slow step is unimolecular, involving only the alkyl halide. 

•  Tertiary (and some secondary) 

E1 Mechanism 



Effect of Alkyl Halide Structure 
on E1 Reactions 

Effect of Base on the E1 Reaction 

•  The strength of the base usually determines whether a reaction follows 
the E1 or E2 mechanism.  

•  Strong bases like ¯OH and ¯OR favor E2 reactions. 

•  Weaker bases like H2O and ROH favor E1 reactions. 

Regioselectivity 

•  Follows Zaitsev’s Rule 



•  SN1 and E1 reactions have exactly the same first step – formation of a 
carbocation. They differ in what happens to the carbocation. 

•  E1 reactions of alkyl halides are typically not synthetically useful, because the SN1 
reaction typically dominates.  

•  The E1 reaction is often a side reaction to a desired SN1 reaction.  
•  Lower temperatures favor SN1. E1 reactions compete more strongly at higher 

temperatures. 

SN1 and E1 Reactions 



E1 Mechanism Summary 

•  Because E1 reactions often occur with a competing SN1 reaction, E1 
reactions of alkyl halides are much less useful than E2 reactions.  

•  Dehydration reactions often proceed via an E1 mechanism. Most of 
the characteristics in the table above apply to alcohols involved in 
eliminations. 



•  The strength of the base is the most important factor in 
determining the mechanism for elimination.  

Comparison of E1 and E2 Mechanisms 



Mechanism for the Dehydration of Secondary and 
Tertiary Alcohols: An E1 Reaction (Section 9.8) 

 
Note: The strong acid catalyst (H3PO4 or H2SO4) is used to 
protonate the –OH group to make it a good leaving group. 

Predict the products of the following reaction and show the 
complete arrow-pushing mechanism for the major product: 

 

Note: Primary alcohols undergo dehydration by an E1 mechanism – 
we will examine this in detail in chapter  

OH 20% H2SO4

∆
+     H2O

50% H2SO4 /
50% H3PO4

∆

OH


