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14.6: Carbocation Rearrangements
Earlier in this chapter we introduced the so-called 'Markovnikov rule', which can be used to predict the favored regiochemical
outcome of electrophilic additions to asymmetric alkenes. According to what we have learned, addition of  to 3-methyl-1-
butene should result in a secondary bromoalkane. However, the predominant product that is actually be observed in this reaction is
a tertiary alkyl bromide! Little or no secondary alkyl bromide forms.

To explain this result, let's take a look at the mechanism for the reaction:

Electrophilic addition with a hydride shift:

Protonation of the double bond results in a secondary carbocation (step 1). What happens next (step 2 above) is a process called a
carbocation rearrangement, and more specifically, a hydride shift. The electrons in the bond between carbon #3 and a hydrogen are
attracted by the positive charge on carbon #2, and they simply shift over to fill the empty  orbital, pulling the proton over with
them. Notice that the hydride, in shifting, is not acting as an actual leaving group - a hydride ion is a very strong base and a very
poor leaving group.

A hydride ion ( ) is a proton plus two electrons. Be sure not to confuse a hydride ion with , which is just a proton
without any electrons.

HBr

p

 An important reminder

H − H +
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As the shift proceeds, a new   bond is formed at carbon #2, and carbon #3 is left with an empty  orbital and a positive
charge.

What is the thermodynamic driving force for this process? Notice that the hydride shift results in the conversion of a secondary
carbocation to a (more stable) tertiary carbocation - a thermodynamically downhill step. As it turns out, the shift occurs so quickly
that it is accomplished before the bromide nucleophile has time to attack at carbon #2. Rather, the bromide will attack (step 3) at
carbon #3 to complete the addition.

Consider another example. When  is added to 3,3-dimethyl-1-butene, the product is a tertiary - rather than a secondary - alkyl
bromide.

Notice that in the observed product, the carbon framework has been rearranged: the methyl carbon indicated by a red dot has
shifted from carbon #3 to carbon #2. This is an example of another type of carbocation rearrangement, called a methyl shift.

Below is the mechanism for the reaction. Once again a secondary carbocation intermediate is formed in step 1. In this case, there is
no hydrogen on carbon #3 available to shift over create a more stable tertiary carbocation. Instead, it is a methyl group that does the
shifting, as the electrons in the carbon-carbon  bond move over to fill the empty orbital on carbon #2 (step 2 below).

Electrophilic addition with methyl shift:

C −H σ p

HBr

σ
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The methyl shift results in the conversion of a secondary carbocation to a more stable tertiary carbocation. The end result is a
rearrangement of the carbon framework of the molecule.

Which of the following carbocations are likely to undergo a shift? If a shift is likely, draw the new
carbocation that would result.

In the (non-biochemcial) reactions below, the major product forms as the result of a hydride or
methyl shift from a carbocation intermediate. Predict the structure of the major product for each
reaction, disregarding stereochemistry.

 Exercise 14.6.1

 Exercise 14.6.2
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Draw the most abundant product of this laboratory Friedel-Crafts reaction:

Carbocation rearrangements are involved in many known biochemical reactions. Rearrangements are particularly important in
carbocation-intermediate reactions in which isoprenoid molecules cyclize to form complex multi-ring structures. For example, one
of the key steps in the biosynthesis of cholesterol is the electrophilic cyclization of oxidosqualene to form a steroid called lanosterol
(E.C. 5.4.99.7).

This complex but fascinating reaction has two phases. The first phase is where the actual cyclization takes place, with the formation
of four new carbon-carbon bonds and a carbocation intermediate. This phase is a 'cascade' of electrophilic alkene addition steps,
beginning with addition of an electrophilic functional group called an 'epoxide'.

The epoxide functional group - composed of a three membered ring with two carbons and an oxygen - is relatively rare in
biomolecules and biochemical reactions, and for this reason it is not discussed in detail in this book. However, epoxides are an

 Exercise 14.6.3
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important and versatile intermediate in laboratory organic synthesis, so you will learn much more about how they are made and
how they react if you take a course in chemical synthesis. For now, it is sufficient to recognize that the carbon atoms of an epoxide
are potent electrophiles, due to both the carbon-oxygen bond dipoles and the inherent strain of the three membered ring.

The second phase involves a series of hydride and methyl shifts culminating in a deprotonation. In the exercise below, you will
have the opportunity to work through the entire cyclase reaction mechanism. In section 15.7, we will take a look at how the
epoxide group of oxidosqualene is formed. Trends Pharm. Sci. 2005, 26, 335; J. Phys Chem B., 2012, 116, 13857.

a. The figure below outlines the first, cyclizing phase of the reaction that converts oxidosqualene

to lanosterol. However, the diagram is missing electron movement arrows, and
intermediates 1-4 are all missing formal charges - fill these in.

First phase (ring formation):

b. Next comes the 'shifting' phase of the reaction. Once again, supply the missing
mechanistic arrows.

Second phase: rearrangement and deprotonation

 Exercise 14.6.4

https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/106383?pdf


14.6.6 https://chem.libretexts.org/@go/page/106383

c. Look at the first and last steps of the entire process: overall, would you describe this as
an electrophilic addition or substitution?

The oxidosqualene cyclization reaction and others like it are truly remarkable examples of the exquisite control exerted by enzymes
over the course of a chemical reaction. Consider: an open-chain starting molecule is converted, by a single enzyme, into a complex
multiple fused-ring structure with seven chiral centers. Oxidosqualene could potentially cyclize in many different ways, resulting in
a great variety of different products. In order for the enzyme to catalyze the formation of a single product with the correct
connectivity and stereochemistry, the enzyme must be able to maintain precise control of the conformation of the starting
compound and all reactive intermediates in the active site, while also excluding water molecules which could attack at any of the
positively charged carbons.
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