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Figure 9-1 Four typical reaction 
modes of alcohols. In each mode, 
one or more of the four bonds 
marked a–d are cleaved (wavy line 
denotes bond cleavage): (a) de-
protonation by base; (b) proton-
ation by acid followed by uni- or 
bimolecular substitution; (b, c) 
elimination; and (a, d) oxidation.
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As described in Section 8-3, alcohols can be both acids and bases. In this section, we shall 
review the methods by which the hydroxy group of alcohols is deprotonated to furnish their 
conjugate bases, the alkoxides.

Strong bases are needed to deprotonate alcohols completely
To remove a proton from the OH group of an alcohol (Figure 9-1, cleavage of bond a), we 
must use a base stronger than the alkoxide. Examples include lithium diisopropylamide (Sec-
tion 7-8), butyllithium (Section 8-7), and alkali metal hydrides (Section 8-6, Exercise 8-4), 
such as potassium hydride, KH. Such hydrides are particularly useful because the only by-
product of the reaction is hydrogen gas.
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9-1  REACTIONS OF ALCOHOLS WITH BASE: PREPARATION 
OF ALKOXIDES

Sodium reacts with water vigor-
ously, releasing hydrogen gas.
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As described in Section 8-3, alcohols can be both acids and bases. In this section, we shall 
review the methods by which the hydroxy group of alcohols is deprotonated to furnish their 
conjugate bases, the alkoxides.

Strong bases are needed to deprotonate alcohols completely
To remove a proton from the OH group of an alcohol (Figure 9-1, cleavage of bond a), we 
must use a base stronger than the alkoxide. Examples include lithium diisopropylamide (Sec-
tion 7-8), butyllithium (Section 8-7), and alkali metal hydrides (Section 8-6, Exercise 8-4), 
such as potassium hydride, KH. Such hydrides are particularly useful because the only by-
product of the reaction is hydrogen gas.
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9-1  REACTIONS OF ALCOHOLS WITH BASE: PREPARATION 
OF ALKOXIDES

Sodium reacts with water vigor-
ously, releasing hydrogen gas.

A variety of reaction modes available to alcohols. Usually at least one of the four bonds
marked a, b, c, or d is cleaved.
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9.1 REACTIONS OF ALCOHOLS WITH BASE: PREPARATION OF ALKOXIDES

The hydroxy group of alcohols is deprotonated to furnish their conjugate bases, the alkoxides.

Strong bases are needed to deprotonate alcohols completely

To remove a proton from the OH group of an alcohol, a base stronger than the alkoxide is
used, including lithium diisopropylamide, butyllithium, and alkali metal hydrides (e.g.,
potassium hydride, KH).

Such hydrides are particularly useful because the only by-product of the reaction is hydrogen
gas.
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As described in Section 8-3, alcohols can be both acids and bases. In this section, we shall 
review the methods by which the hydroxy group of alcohols is deprotonated to furnish their 
conjugate bases, the alkoxides.

Strong bases are needed to deprotonate alcohols completely
To remove a proton from the OH group of an alcohol (Figure 9-1, cleavage of bond a), we 
must use a base stronger than the alkoxide. Examples include lithium diisopropylamide (Sec-
tion 7-8), butyllithium (Section 8-7), and alkali metal hydrides (Section 8-6, Exercise 8-4), 
such as potassium hydride, KH. Such hydrides are particularly useful because the only by-
product of the reaction is hydrogen gas.
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Alkali metals also deprotonate alcohols—but by reduction of H+

Another common way of obtaining alkoxides is by the reaction of alcohols with alkali metals,
such as lithium. Such metals reduce water—in some cases, violently—to yield alkali metal
hydroxides and hydrogen gas.

When the more reactive metals (sodium, potassium, and cesium) are exposed to water in
air, the hydrogen generated can ignite spontaneously or even detonate.

The alkali metals act similarly on the alcohols to give alkoxides, but the transformation is less
vigorous.

327C H A P T E R  99 - 2  R e a c t i o n s  o f  A l c o h o l s  w i t h  S t r o n g  A c i d s

Alkali metals also deprotonate alcohols—but by reduction of H1

Another common way of obtaining alkoxides is by the reaction of alcohols with alkali 
metals, such as lithium. Such metals reduce water—in some cases, violently—to yield alkali 
metal hydroxides and hydrogen gas. When the more reactive metals (sodium, potassium, 
and cesium) are exposed to water in air, the hydrogen generated can ignite spontaneously 
or even detonate.

H OH 2 M!"OH2 M (Li, Na, K, Cs) H2O ! !2

The alkali metals act similarly on the alcohols to give alkoxides, but the transformation is 
less vigorous. Here are two examples.

2 CH3CH2O"Na! H22 Na2 CH3CH2OH ! !
2 (CH3)3CO"K! H22 K2 (CH3)3COH ! !

Alkoxides from Alcohols and Alkali Metals

The reactivity of the alcohols used in this process decreases with increasing substitution, 
methanol being most reactive and tertiary alcohols least reactive.

Relative Reactivity of ROH with Alkali Metals

R 5 CH3 . primary . secondary . tertiary

Decreasing reactivity

2-Methyl-2-propanol reacts so slowly that it can be used to safely destroy potassium resi-
dues in the laboratory.

What are alkoxides good for? We have already seen that they can be useful reagents in 
organic synthesis. For example, the reaction of hindered alkoxides with haloalkanes gives 
elimination.

K!Br"CH3CH2CH2CH2Br CH3CH2CH CH2 (CH3)3COH
(CH3)3CO"K!, (CH3)3COH 

E2
! !P

Less branched alkoxides attack primary haloalkanes by the SN2 reaction to give ethers. This 
method is described in Section 9-6.

In Summary A strong base will convert an alcohol into an alkoxide by an acid-base reac-
tion. The stronger the base, the more the equilibrium is displaced to the alkoxide side. Alkali 
metals react with alcohols by reduction to generate hydrogen gas and an alkoxide. This 
process is retarded by steric hindrance.

Exercise 9-1

We shall encounter later many reactions that require catalytic base, for example, catalytic sodium 
methoxide in methanol. Assume that you would like to make such a solution containing 10 mmol of 
NaOCH3 in 1 liter of CH3OH. Would it be all right simply to add 10 mmol of NaOH to the solvent? 
(Caution: Simply comparing pKa values (Table 2-2) is not enough. Hint: See Section 2-3.)

We have seen that heterolytic cleavage of the O–H bond in alcohols is readily achieved 
with strong bases. Can we break the C–O linkage (bond b, Figure 9-1) as easily? Yes, but 
now we need acid. Recall (Section 2-3) that water has a high pKa (15.7): It is a weak acid. 
Consequently, hydroxide, its conjugate base, is an exceedingly poor leaving group. For 

9-2  REACTIONS OF ALCOHOLS WITH STRONG ACIDS: 
ALKYLOXONIUM IONS IN SUBSTITUTION AND 
ELIMINATION REACTIONS OF ALCOHOLS

327C H A P T E R  99 - 2  R e a c t i o n s  o f  A l c o h o l s  w i t h  S t r o n g  A c i d s

Alkali metals also deprotonate alcohols—but by reduction of H1

Another common way of obtaining alkoxides is by the reaction of alcohols with alkali 
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2-Methyl-2-propanol reacts so slowly that it can be used to safely destroy potassium resi-
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What are alkoxides good for? We have already seen that they can be useful reagents in 
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Less branched alkoxides attack primary haloalkanes by the SN2 reaction to give ethers. This 
method is described in Section 9-6.

In Summary A strong base will convert an alcohol into an alkoxide by an acid-base reac-
tion. The stronger the base, the more the equilibrium is displaced to the alkoxide side. Alkali 
metals react with alcohols by reduction to generate hydrogen gas and an alkoxide. This 
process is retarded by steric hindrance.

Exercise 9-1

We shall encounter later many reactions that require catalytic base, for example, catalytic sodium 
methoxide in methanol. Assume that you would like to make such a solution containing 10 mmol of 
NaOCH3 in 1 liter of CH3OH. Would it be all right simply to add 10 mmol of NaOH to the solvent? 
(Caution: Simply comparing pKa values (Table 2-2) is not enough. Hint: See Section 2-3.)

We have seen that heterolytic cleavage of the O–H bond in alcohols is readily achieved 
with strong bases. Can we break the C–O linkage (bond b, Figure 9-1) as easily? Yes, but 
now we need acid. Recall (Section 2-3) that water has a high pKa (15.7): It is a weak acid. 
Consequently, hydroxide, its conjugate base, is an exceedingly poor leaving group. For 
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The reactivity of the alcohols used in this process decreases with increasing substitution,
methanol being most reactive and tertiary alcohols least reactive.

2-Methyl-2-propanol reacts so slowly that it can be used to safely destroy potassium
residues in the laboratory.

Alkoxides can be useful reagents in organic synthesis. For example, the reaction of
hindered alkoxides with haloalkanes gives elimination. Less branched alkoxides attack
primary haloalkanes by the SN2 reaction to give ethers.
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The alkali metals act similarly on the alcohols to give alkoxides, but the transformation is 
less vigorous. Here are two examples.

2 CH3CH2O"Na! H22 Na2 CH3CH2OH ! !
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Less branched alkoxides attack primary haloalkanes by the SN2 reaction to give ethers. This 
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In Summary A strong base will convert an alcohol into an alkoxide by an acid-base reac-
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metals react with alcohols by reduction to generate hydrogen gas and an alkoxide. This 
process is retarded by steric hindrance.

Exercise 9-1

We shall encounter later many reactions that require catalytic base, for example, catalytic sodium 
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NaOCH3 in 1 liter of CH3OH. Would it be all right simply to add 10 mmol of NaOH to the solvent? 
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We have seen that heterolytic cleavage of the O–H bond in alcohols is readily achieved 
with strong bases. Can we break the C–O linkage (bond b, Figure 9-1) as easily? Yes, but 
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9.2 REACTIONS OF ALCOHOLS WITH STRONG ACIDS: ALKYLOXONIUM IONS IN
SUBSTITUTION AND ELIMINATION REACTIONS OF ALCOHOLS

The heterolytic cleavage of the O–H bond in alcohols is readily achieved with strong bases.
To break the C–O linkage, an acid is needed.

Water has a high pKa (15.7), is a weak acid. Hydroxide, its conjugate base, is an
exceedingly poor leaving group. For alcohols to undergo substitution or elimination
reactions, the OH must first be converted into a better leaving group.

Haloalkanes from primary alcohols and HX: Water can be a leaving group in SN2
reactions
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alcohols to undergo substitution or elimination reactions, the OH must ! rst be converted 
into a better leaving group.

Haloalkanes from primary alcohols and HX: Water can be a 
leaving group in SN2 reactions
The simplest way of turning the hydroxy substituent in alcohols into a good leaving group 
is to protonate the oxygen to form an alkyloxonium ion. Recall (Section 8-3) that this 
process ties up one of the oxygen lone pairs by forming a bond to a proton. The positive 
charge therefore resides on the oxygen atom. Protonation changes OH from a bad leaving 
group into neutral water, a good leaving group.

This reaction is reversible and, under normal conditions, the equilibrium lies on the side 
of unprotonated alcohol. However, this is immaterial if a nucleophile is present in the 
mixture that is capable of trapping the oxonium species. For example, alkyloxonium ions 
derived from primary alcohols are subject to such nucleophilic attack. Thus, the butyloxo-
nium ion resulting from the treatment of 1-butanol with concentrated HBr undergoes dis-
placement by bromide to form 1-bromobutane. The originally nucleophilic (red) oxygen is 
protonated by the electrophilic proton (blue) to give the alkyloxonium ion, containing an 
electrophilic (blue) carbon and H2O as a leaving group (green). In the subsequent SN2 reac-
tion, bromide acts as a nucleophile.

HBrš" š" "ð š" ðð

š" š"ð

CH3CH2CH2CH2OH CH3CH2CH2CH2OH2! Br "
!

!

CH3CH2CH2CH2Br H2O!

Primary Bromoalkane Synthesis from an Alcohol

The reaction of primary alcohols with concentrated HI proceeds in similar fashion to 
furnish primary iodoalkanes (margin). On the other hand, concentrated HCl is sluggish in 
turning primary alcohols into the corresponding chloroalkanes, because chloride ion is a 
relatively weak nucleophile under protic conditions (Section 6-8). Therefore, this conversion, 
while possible, is usually carried out by other reagents (Section 9-4). In general, the acid-
catalyzed SN2 reaction of primary alcohols with HBr or HI is a good way of preparing 
simple primary haloalkanes. What about secondary and tertiary alcohols?

Secondary and tertiary alcohols and HX: Water can be a 
leaving group to form carbocations in SN1 and E1 reactions
Alkyloxonium ions derived from secondary and tertiary alcohols, in contrast with their 
primary counterparts, lose water with increasing ease to give the corresponding carboca-
tions. The reason for this difference in behavior is the difference in carbocation stability 
(Section 7-5). Primary carbocations are too high in energy to be accessible under ordinary 
laboratory conditions, whereas secondary and tertiary carbocations are generated with 
increasing ease. Thus, primary alkyloxonium ions undergo only SN2 reactions, whereas their 
secondary and tertiary relatives enter into SN1 and E1 processes. When good nucleophiles 
are present, we observe SN1 products.

Reactivity of Oxonium Ions

Does not dissociate:
SN2 only

Dissociate:
SN1 and E1

Rprim # $
!

OOH2 Rsec

!
OOH2 Rtert

!
OOH2

Increasing ease of carbocation formation

Synthetically, this fact is exploited in the preparation of tertiary haloalkanes from tertiary 
alcohols in the presence of excess concentrated aqueous hydrogen halide. The product forms 
in minutes at room temperature. The mechanism is precisely the reverse of that of solvolysis 
(Section 7-2).

O
i

šðR O

O ðR O
!

H

H!!

H

H
Alkyloxonium ion

i
f

Poor leaving group

Good
leaving
group

HO(CH2)6OH 2 HI!

Iodoalkane Synthesis

1,6-Hexanediol

I(CH2)6I 2 H2O
85%

!

1,6-Diiodo-
hexane

The simplest way of turning the hydroxy substituent in alcohols into
a good leaving group is to protonate the oxygen to form an
alkyloxonium ion.

Protonation changes OH from a bad leaving group into neutral
water, a good leaving group.
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alcohols to undergo substitution or elimination reactions, the OH must ! rst be converted 
into a better leaving group.

Haloalkanes from primary alcohols and HX: Water can be a 
leaving group in SN2 reactions
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nium ion resulting from the treatment of 1-butanol with concentrated HBr undergoes dis-
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protonated by the electrophilic proton (blue) to give the alkyloxonium ion, containing an 
electrophilic (blue) carbon and H2O as a leaving group (green). In the subsequent SN2 reac-
tion, bromide acts as a nucleophile.
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Primary Bromoalkane Synthesis from an Alcohol

The reaction of primary alcohols with concentrated HI proceeds in similar fashion to 
furnish primary iodoalkanes (margin). On the other hand, concentrated HCl is sluggish in 
turning primary alcohols into the corresponding chloroalkanes, because chloride ion is a 
relatively weak nucleophile under protic conditions (Section 6-8). Therefore, this conversion, 
while possible, is usually carried out by other reagents (Section 9-4). In general, the acid-
catalyzed SN2 reaction of primary alcohols with HBr or HI is a good way of preparing 
simple primary haloalkanes. What about secondary and tertiary alcohols?

Secondary and tertiary alcohols and HX: Water can be a 
leaving group to form carbocations in SN1 and E1 reactions
Alkyloxonium ions derived from secondary and tertiary alcohols, in contrast with their 
primary counterparts, lose water with increasing ease to give the corresponding carboca-
tions. The reason for this difference in behavior is the difference in carbocation stability 
(Section 7-5). Primary carbocations are too high in energy to be accessible under ordinary 
laboratory conditions, whereas secondary and tertiary carbocations are generated with 
increasing ease. Thus, primary alkyloxonium ions undergo only SN2 reactions, whereas their 
secondary and tertiary relatives enter into SN1 and E1 processes. When good nucleophiles 
are present, we observe SN1 products.

Reactivity of Oxonium Ions

Does not dissociate:
SN2 only

Dissociate:
SN1 and E1

Rprim # $
!

OOH2 Rsec

!
OOH2 Rtert

!
OOH2

Increasing ease of carbocation formation

Synthetically, this fact is exploited in the preparation of tertiary haloalkanes from tertiary 
alcohols in the presence of excess concentrated aqueous hydrogen halide. The product forms 
in minutes at room temperature. The mechanism is precisely the reverse of that of solvolysis 
(Section 7-2).
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This reaction is reversible and, under normal conditions, the equilibrium lies on the side of
unprotonated alcohol. However, this is immaterial if a nucleophile is present in the mixture
that is capable of trapping the oxonium species.

For example, alkyloxonium ions derived from primary alcohols are subject to such
nucleophilic attack. Thus, the butyloxonium ion resulting from the treatment of 1-butanol
with concentrated HBr undergoes displacement by bromide to form 1-bromobutane.

The originally nucleophilic (red) oxygen is protonated by the electrophilic proton (blue) to
give the alkyloxonium ion, containing an electrophilic (blue) carbon and H2O as a leaving
group (green).

In the subsequent SN2 reaction, bromide acts as a nucleophile.
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The reaction of primary alcohols with concentrated HI proceeds in similar fashion to furnish
primary iodoalkanes.

Concentrated HCl is sluggish in turning primary alcohols into the corresponding
chloroalkanes, because chloride ion is a relatively weak nucleophile under protic conditions.
Therefore, this conversion, while possible, is usually carried out by other reagents.

In general, the acid-catalyzed SN2 reaction of primary alcohols with HBr or HI is a good way
of preparing simple primary haloalkanes.
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alcohols to undergo substitution or elimination reactions, the OH must ! rst be converted 
into a better leaving group.

Haloalkanes from primary alcohols and HX: Water can be a 
leaving group in SN2 reactions
The simplest way of turning the hydroxy substituent in alcohols into a good leaving group 
is to protonate the oxygen to form an alkyloxonium ion. Recall (Section 8-3) that this 
process ties up one of the oxygen lone pairs by forming a bond to a proton. The positive 
charge therefore resides on the oxygen atom. Protonation changes OH from a bad leaving 
group into neutral water, a good leaving group.

This reaction is reversible and, under normal conditions, the equilibrium lies on the side 
of unprotonated alcohol. However, this is immaterial if a nucleophile is present in the 
mixture that is capable of trapping the oxonium species. For example, alkyloxonium ions 
derived from primary alcohols are subject to such nucleophilic attack. Thus, the butyloxo-
nium ion resulting from the treatment of 1-butanol with concentrated HBr undergoes dis-
placement by bromide to form 1-bromobutane. The originally nucleophilic (red) oxygen is 
protonated by the electrophilic proton (blue) to give the alkyloxonium ion, containing an 
electrophilic (blue) carbon and H2O as a leaving group (green). In the subsequent SN2 reac-
tion, bromide acts as a nucleophile.
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Primary Bromoalkane Synthesis from an Alcohol

The reaction of primary alcohols with concentrated HI proceeds in similar fashion to 
furnish primary iodoalkanes (margin). On the other hand, concentrated HCl is sluggish in 
turning primary alcohols into the corresponding chloroalkanes, because chloride ion is a 
relatively weak nucleophile under protic conditions (Section 6-8). Therefore, this conversion, 
while possible, is usually carried out by other reagents (Section 9-4). In general, the acid-
catalyzed SN2 reaction of primary alcohols with HBr or HI is a good way of preparing 
simple primary haloalkanes. What about secondary and tertiary alcohols?

Secondary and tertiary alcohols and HX: Water can be a 
leaving group to form carbocations in SN1 and E1 reactions
Alkyloxonium ions derived from secondary and tertiary alcohols, in contrast with their 
primary counterparts, lose water with increasing ease to give the corresponding carboca-
tions. The reason for this difference in behavior is the difference in carbocation stability 
(Section 7-5). Primary carbocations are too high in energy to be accessible under ordinary 
laboratory conditions, whereas secondary and tertiary carbocations are generated with 
increasing ease. Thus, primary alkyloxonium ions undergo only SN2 reactions, whereas their 
secondary and tertiary relatives enter into SN1 and E1 processes. When good nucleophiles 
are present, we observe SN1 products.

Reactivity of Oxonium Ions

Does not dissociate:
SN2 only

Dissociate:
SN1 and E1

Rprim # $
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OOH2 Rsec

!
OOH2 Rtert
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OOH2

Increasing ease of carbocation formation

Synthetically, this fact is exploited in the preparation of tertiary haloalkanes from tertiary 
alcohols in the presence of excess concentrated aqueous hydrogen halide. The product forms 
in minutes at room temperature. The mechanism is precisely the reverse of that of solvolysis 
(Section 7-2).

O
i

šðR O

O ðR O
!

H

H!!

H

H
Alkyloxonium ion

i
f

Poor leaving group

Good
leaving
group

HO(CH2)6OH 2 HI!

Iodoalkane Synthesis

1,6-Hexanediol

I(CH2)6I 2 H2O
85%

!

1,6-Diiodo-
hexane



9

Secondary and tertiary alcohols and HX: Water can be a leaving group to form
carbocations in SN1 and E1 reactions

Alkyloxonium ions derived from secondary and tertiary alcohols, in contrast with their primary
counterparts, lose water with increasing ease to give the corresponding carbocations. The
reason for this difference in behavior is the difference in carbocation stability.

Primary carbocations are too high in energy to be accessible under ordinary laboratory
conditions, whereas secondary and tertiary carbocations are generated with increasing ease.

Thus, primary alkyloxonium ions undergo only SN2 reactions, whereas their secondary and
tertiary relatives enter into SN1 and E1 processes. When good nucleophiles are present, we
observe SN1 products.
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alcohols to undergo substitution or elimination reactions, the OH must ! rst be converted 
into a better leaving group.

Haloalkanes from primary alcohols and HX: Water can be a 
leaving group in SN2 reactions
The simplest way of turning the hydroxy substituent in alcohols into a good leaving group 
is to protonate the oxygen to form an alkyloxonium ion. Recall (Section 8-3) that this 
process ties up one of the oxygen lone pairs by forming a bond to a proton. The positive 
charge therefore resides on the oxygen atom. Protonation changes OH from a bad leaving 
group into neutral water, a good leaving group.

This reaction is reversible and, under normal conditions, the equilibrium lies on the side 
of unprotonated alcohol. However, this is immaterial if a nucleophile is present in the 
mixture that is capable of trapping the oxonium species. For example, alkyloxonium ions 
derived from primary alcohols are subject to such nucleophilic attack. Thus, the butyloxo-
nium ion resulting from the treatment of 1-butanol with concentrated HBr undergoes dis-
placement by bromide to form 1-bromobutane. The originally nucleophilic (red) oxygen is 
protonated by the electrophilic proton (blue) to give the alkyloxonium ion, containing an 
electrophilic (blue) carbon and H2O as a leaving group (green). In the subsequent SN2 reac-
tion, bromide acts as a nucleophile.
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Primary Bromoalkane Synthesis from an Alcohol

The reaction of primary alcohols with concentrated HI proceeds in similar fashion to 
furnish primary iodoalkanes (margin). On the other hand, concentrated HCl is sluggish in 
turning primary alcohols into the corresponding chloroalkanes, because chloride ion is a 
relatively weak nucleophile under protic conditions (Section 6-8). Therefore, this conversion, 
while possible, is usually carried out by other reagents (Section 9-4). In general, the acid-
catalyzed SN2 reaction of primary alcohols with HBr or HI is a good way of preparing 
simple primary haloalkanes. What about secondary and tertiary alcohols?

Secondary and tertiary alcohols and HX: Water can be a 
leaving group to form carbocations in SN1 and E1 reactions
Alkyloxonium ions derived from secondary and tertiary alcohols, in contrast with their 
primary counterparts, lose water with increasing ease to give the corresponding carboca-
tions. The reason for this difference in behavior is the difference in carbocation stability 
(Section 7-5). Primary carbocations are too high in energy to be accessible under ordinary 
laboratory conditions, whereas secondary and tertiary carbocations are generated with 
increasing ease. Thus, primary alkyloxonium ions undergo only SN2 reactions, whereas their 
secondary and tertiary relatives enter into SN1 and E1 processes. When good nucleophiles 
are present, we observe SN1 products.

Reactivity of Oxonium Ions

Does not dissociate:
SN2 only

Dissociate:
SN1 and E1

Rprim # $
!

OOH2 Rsec

!
OOH2 Rtert

!
OOH2

Increasing ease of carbocation formation

Synthetically, this fact is exploited in the preparation of tertiary haloalkanes from tertiary 
alcohols in the presence of excess concentrated aqueous hydrogen halide. The product forms 
in minutes at room temperature. The mechanism is precisely the reverse of that of solvolysis 
(Section 7-2).

O
i

šðR O

O ðR O
!

H

H!!

H

H
Alkyloxonium ion

i
f

Poor leaving group

Good
leaving
group

HO(CH2)6OH 2 HI!

Iodoalkane Synthesis

1,6-Hexanediol

I(CH2)6I 2 H2O
85%

!

1,6-Diiodo-
hexane



10

The reason for the success of this process is that relatively low temperatures are sufficient
to generate the tertiary carbocation, thus largely preventing competing E1 reactions.

At higher temperatures (or in the absence of good nucleophiles), elimination becomes
dominant.
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The reason for the success of this process is that relatively low temperatures are suf-
! cient to generate the tertiary carbocation, thus largely preventing competing E1 reactions 
(Section 7-6). Indeed, at higher temperatures (or in the absence of good nucleophiles), 
elimination becomes dominant.* This explains why protonated secondary alcohols show the 
most complex behavior in the presence of HX, following SN2, SN1, and E1 pathways: They 
are relatively hindered, compared with their primary counterparts (thus reduced SN2 reactivity), 
and relatively slow in forming carbocations, compared with their tertiary counterparts 
(e.g., retarded SN1 reactivity); review Section 7-9.

The E1 reaction, here called dehydration because it results in the loss of a molecule 
of water (Figure 9-1, breaking bonds b and c; see also Sections 9-3 and 9-7), is one of the 
methods for the synthesis of alkenes (Section 11-7). Rather than the “nucleophilic” acids 
HBr and HI, so called because the conjugate base is a good nucleophile, “nonnucleophilic” 
acids, such as H3PO4 or H2SO4, are employed.
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Alcohol Dehydration by the E1 Mechanism

Cyclohexene

H2SO4, 130 –140#C 
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In the example, the conjugate base of the acid is the poor nucleophile HSO4
2, and proton 

loss from the intermediate carbocation is observed. Dehydration of tertiary alcohols is even 
easier, often occurring at slightly above room temperature.
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ReactionRReaction

ReactionRReaction

Mechanism

Mechanism

*The preference for elimination at high temperatures has its origin in its relatively large positive entropy 
(Section 2-1), as two molecules (alkene 1 H2O) result from one (alcohol), and the DS8 term in the expression 
DG8 5 DH8 2 TDS8 increases with temperature (see also Exercise 7-17).

Animation

ANIMATED MECHANISM: 
Alcohol dehydration

Exercise 9-2

Write the structure of the product that you expect from the reaction of 4-methyl-1-pentanol with 
concentrated aqueous HI. Give the mechanism of its formation.
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The reason for the success of this process is that relatively low temperatures are suf-
! cient to generate the tertiary carbocation, thus largely preventing competing E1 reactions 
(Section 7-6). Indeed, at higher temperatures (or in the absence of good nucleophiles), 
elimination becomes dominant.* This explains why protonated secondary alcohols show the 
most complex behavior in the presence of HX, following SN2, SN1, and E1 pathways: They 
are relatively hindered, compared with their primary counterparts (thus reduced SN2 reactivity), 
and relatively slow in forming carbocations, compared with their tertiary counterparts 
(e.g., retarded SN1 reactivity); review Section 7-9.

The E1 reaction, here called dehydration because it results in the loss of a molecule 
of water (Figure 9-1, breaking bonds b and c; see also Sections 9-3 and 9-7), is one of the 
methods for the synthesis of alkenes (Section 11-7). Rather than the “nucleophilic” acids 
HBr and HI, so called because the conjugate base is a good nucleophile, “nonnucleophilic” 
acids, such as H3PO4 or H2SO4, are employed.
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In the example, the conjugate base of the acid is the poor nucleophile HSO4
2, and proton 

loss from the intermediate carbocation is observed. Dehydration of tertiary alcohols is even 
easier, often occurring at slightly above room temperature.
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ReactionRReaction
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Mechanism

*The preference for elimination at high temperatures has its origin in its relatively large positive entropy 
(Section 2-1), as two molecules (alkene 1 H2O) result from one (alcohol), and the DS8 term in the expression 
DG8 5 DH8 2 TDS8 increases with temperature (see also Exercise 7-17).

Animation

ANIMATED MECHANISM: 
Alcohol dehydration

Exercise 9-2

Write the structure of the product that you expect from the reaction of 4-methyl-1-pentanol with 
concentrated aqueous HI. Give the mechanism of its formation.

Synthetically, this fact is exploited in the preparation of tertiary haloalkanes from tertiary
alcohols in the presence of excess concentrated aqueous hydrogen halide. The product
forms in minutes at room temperature. The mechanism is precisely the reverse of that of
solvolysis.
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This explains why protonated secondary alcohols show the most complex behavior in the
presence of HX, following SN2, SN1, and E1 pathways:

They are relatively hindered, compared with their primary counterparts (thus reduced SN2
reactivity), and relatively slow in forming carbocations, compared with their tertiary
counterparts (e.g., retarded SN1 reactivity).

The E1 reaction, here called dehydration, because it results in the loss of a molecule of
water, is one of the methods for the synthesis of alkenes. Rather than the “nucleophilic”
acids HBr and HI (called because the conjugate base is a good nucleophile),
“nonnucleophilic” acids, such as H3PO4 or H2SO4, are employed.

In the example, the conjugate base of the acid is the poor nucleophile HSO4–, and proton
loss from the intermediate carbocation is observed. Dehydration of tertiary alcohols is even
easier, often occurring at slightly above room temperature.
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The reason for the success of this process is that relatively low temperatures are suf-
! cient to generate the tertiary carbocation, thus largely preventing competing E1 reactions 
(Section 7-6). Indeed, at higher temperatures (or in the absence of good nucleophiles), 
elimination becomes dominant.* This explains why protonated secondary alcohols show the 
most complex behavior in the presence of HX, following SN2, SN1, and E1 pathways: They 
are relatively hindered, compared with their primary counterparts (thus reduced SN2 reactivity), 
and relatively slow in forming carbocations, compared with their tertiary counterparts 
(e.g., retarded SN1 reactivity); review Section 7-9.

The E1 reaction, here called dehydration because it results in the loss of a molecule 
of water (Figure 9-1, breaking bonds b and c; see also Sections 9-3 and 9-7), is one of the 
methods for the synthesis of alkenes (Section 11-7). Rather than the “nucleophilic” acids 
HBr and HI, so called because the conjugate base is a good nucleophile, “nonnucleophilic” 
acids, such as H3PO4 or H2SO4, are employed.
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In the example, the conjugate base of the acid is the poor nucleophile HSO4
2, and proton 

loss from the intermediate carbocation is observed. Dehydration of tertiary alcohols is even 
easier, often occurring at slightly above room temperature.
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*The preference for elimination at high temperatures has its origin in its relatively large positive entropy 
(Section 2-1), as two molecules (alkene 1 H2O) result from one (alcohol), and the DS8 term in the expression 
DG8 5 DH8 2 TDS8 increases with temperature (see also Exercise 7-17).
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Exercise 9-2

Write the structure of the product that you expect from the reaction of 4-methyl-1-pentanol with 
concentrated aqueous HI. Give the mechanism of its formation.
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The reason for the success of this process is that relatively low temperatures are suf-
! cient to generate the tertiary carbocation, thus largely preventing competing E1 reactions 
(Section 7-6). Indeed, at higher temperatures (or in the absence of good nucleophiles), 
elimination becomes dominant.* This explains why protonated secondary alcohols show the 
most complex behavior in the presence of HX, following SN2, SN1, and E1 pathways: They 
are relatively hindered, compared with their primary counterparts (thus reduced SN2 reactivity), 
and relatively slow in forming carbocations, compared with their tertiary counterparts 
(e.g., retarded SN1 reactivity); review Section 7-9.

The E1 reaction, here called dehydration because it results in the loss of a molecule 
of water (Figure 9-1, breaking bonds b and c; see also Sections 9-3 and 9-7), is one of the 
methods for the synthesis of alkenes (Section 11-7). Rather than the “nucleophilic” acids 
HBr and HI, so called because the conjugate base is a good nucleophile, “nonnucleophilic” 
acids, such as H3PO4 or H2SO4, are employed.
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In the example, the conjugate base of the acid is the poor nucleophile HSO4
2, and proton 

loss from the intermediate carbocation is observed. Dehydration of tertiary alcohols is even 
easier, often occurring at slightly above room temperature.
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*The preference for elimination at high temperatures has its origin in its relatively large positive entropy 
(Section 2-1), as two molecules (alkene 1 H2O) result from one (alcohol), and the DS8 term in the expression 
DG8 5 DH8 2 TDS8 increases with temperature (see also Exercise 7-17).
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ANIMATED MECHANISM: 
Alcohol dehydration

Exercise 9-2

Write the structure of the product that you expect from the reaction of 4-methyl-1-pentanol with 
concentrated aqueous HI. Give the mechanism of its formation.
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In Summary Treatment of alcohols with strong acid leads to protonation to give alkyl-
oxonium ions, which, when primary, undergo SN2 reactions in the presence of good nucleo-
philes. Alkyloxonium ions from secondary or tertiary alcohols convert into carbocations, 
which furnish products of substitution and elimination (dehydration).
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Exercise 9-3

Write the structure of the products that you expect from the reaction of 1-methylcyclohexanol with 
(a) concentrated HCl and (b) concentrated H2SO4. Compare and contrast the mechanisms of the 
two processes. (Hint: Compare the relative nucleophilicity of Cl2 and HSO4

2. Caution: When 
writing mechanisms, use “arrow pushing” to depict electron ! ow; write out every step separately; 
formulate complete structures, including charges and relevant electron pairs; and draw explicit 
reaction arrows to connect starting materials or intermediates with their respective products. Don’t 
use shortcuts, and don’t be sloppy!)

When alcohols are transformed into carbocations, the carbocations themselves are subject 
to rearrangements. The two rearrangements, known as hydride shifts and alkyl shifts, can 
occur with most types of carbocations. The rearranged molecules can then undergo further 
SN1 or E1 reactions. The result is likely to be a complex mixture, unless we can establish 
a thermodynamic driving force toward one speci" c product.

Hydride shifts give new SN1 products
Treatment of 2-propanol with concentrated hydrogen bromide gives 2-bromopropane, as 
expected. However, exposure of the more highly substituted secondary alcohol 3-methyl-
2-butanol to the same reaction conditions produces a surprising result. The expected 
SN1 product, 2-bromo-3-methylbutane, is only a minor component of the reaction mixture; 
the major product is 2-bromo-2-methylbutane.
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What is the mechanism of this transformation? The answer is that carbocations can undergo 
rearrangement by hydride shifts, in which the hydrogen (yellow) moves with both electrons
from its original position to the neighboring carbon atom. Initially, protonation of the alcohol 
followed by loss of water gives the expected secondary carbocation. A shift of the tertiary 
hydrogen to the electron-de" cient neighbor then generates a tertiary cation, which is more 
stable. This species is " nally trapped by bromide ion to give the rearranged SN1 product.
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Animation

ANIMATED MECHANISM: 
Carbocation rearrangement

ReactionRReaction



13

9.3 CARBOCATION REARRANGEMENTS

When alcohols are transformed into carbocations, the carbocations themselves are
subject to rearrangements. The two rearrangements, known as hydride shifts and alkyl
shifts, can occur with most types of carbocations.

The rearranged molecules can then undergo further SN1 or E1 reactions.

The result is likely to be a complex mixture, unless we can establish a thermodynamic
driving force toward one specific product.

Hydride shifts give new SN1 products
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Treatment of 2-propanol with concentrated hydrogen bromide gives 2-bromopropane, as
expected.

Exposure of the more highly substituted secondary alcohol 3-methyl-2-butanol to the same
reaction conditions produces a surprising result.

The expected SN1 product (2-bromo-3-methylbutane) is only a minor component of the
reaction mixture, while the major product is 2-bromo-2-methylbutane.
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In Summary Treatment of alcohols with strong acid leads to protonation to give alkyl-
oxonium ions, which, when primary, undergo SN2 reactions in the presence of good nucleo-
philes. Alkyloxonium ions from secondary or tertiary alcohols convert into carbocations, 
which furnish products of substitution and elimination (dehydration).
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Exercise 9-3

Write the structure of the products that you expect from the reaction of 1-methylcyclohexanol with 
(a) concentrated HCl and (b) concentrated H2SO4. Compare and contrast the mechanisms of the 
two processes. (Hint: Compare the relative nucleophilicity of Cl2 and HSO4

2. Caution: When 
writing mechanisms, use “arrow pushing” to depict electron ! ow; write out every step separately; 
formulate complete structures, including charges and relevant electron pairs; and draw explicit 
reaction arrows to connect starting materials or intermediates with their respective products. Don’t 
use shortcuts, and don’t be sloppy!)

When alcohols are transformed into carbocations, the carbocations themselves are subject 
to rearrangements. The two rearrangements, known as hydride shifts and alkyl shifts, can 
occur with most types of carbocations. The rearranged molecules can then undergo further 
SN1 or E1 reactions. The result is likely to be a complex mixture, unless we can establish 
a thermodynamic driving force toward one speci" c product.

Hydride shifts give new SN1 products
Treatment of 2-propanol with concentrated hydrogen bromide gives 2-bromopropane, as 
expected. However, exposure of the more highly substituted secondary alcohol 3-methyl-
2-butanol to the same reaction conditions produces a surprising result. The expected 
SN1 product, 2-bromo-3-methylbutane, is only a minor component of the reaction mixture; 
the major product is 2-bromo-2-methylbutane.
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What is the mechanism of this transformation? The answer is that carbocations can undergo 
rearrangement by hydride shifts, in which the hydrogen (yellow) moves with both electrons
from its original position to the neighboring carbon atom. Initially, protonation of the alcohol 
followed by loss of water gives the expected secondary carbocation. A shift of the tertiary 
hydrogen to the electron-de" cient neighbor then generates a tertiary cation, which is more 
stable. This species is " nally trapped by bromide ion to give the rearranged SN1 product.
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ANIMATED MECHANISM: 
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ReactionRReaction
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In Summary Treatment of alcohols with strong acid leads to protonation to give alkyl-
oxonium ions, which, when primary, undergo SN2 reactions in the presence of good nucleo-
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Exercise 9-3

Write the structure of the products that you expect from the reaction of 1-methylcyclohexanol with 
(a) concentrated HCl and (b) concentrated H2SO4. Compare and contrast the mechanisms of the 
two processes. (Hint: Compare the relative nucleophilicity of Cl2 and HSO4

2. Caution: When 
writing mechanisms, use “arrow pushing” to depict electron ! ow; write out every step separately; 
formulate complete structures, including charges and relevant electron pairs; and draw explicit 
reaction arrows to connect starting materials or intermediates with their respective products. Don’t 
use shortcuts, and don’t be sloppy!)

When alcohols are transformed into carbocations, the carbocations themselves are subject 
to rearrangements. The two rearrangements, known as hydride shifts and alkyl shifts, can 
occur with most types of carbocations. The rearranged molecules can then undergo further 
SN1 or E1 reactions. The result is likely to be a complex mixture, unless we can establish 
a thermodynamic driving force toward one speci" c product.

Hydride shifts give new SN1 products
Treatment of 2-propanol with concentrated hydrogen bromide gives 2-bromopropane, as 
expected. However, exposure of the more highly substituted secondary alcohol 3-methyl-
2-butanol to the same reaction conditions produces a surprising result. The expected 
SN1 product, 2-bromo-3-methylbutane, is only a minor component of the reaction mixture; 
the major product is 2-bromo-2-methylbutane.
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What is the mechanism of this transformation? The answer is that carbocations can undergo 
rearrangement by hydride shifts, in which the hydrogen (yellow) moves with both electrons
from its original position to the neighboring carbon atom. Initially, protonation of the alcohol 
followed by loss of water gives the expected secondary carbocation. A shift of the tertiary 
hydrogen to the electron-de" cient neighbor then generates a tertiary cation, which is more 
stable. This species is " nally trapped by bromide ion to give the rearranged SN1 product.
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The mechanism of this transformation: carbocations can undergo rearrangement by
hydride shifts, in which the hydrogen (yellow) moves with both electrons from its original
position to the neighboring carbon atom. A shift of the tertiary hydrogen to the electron-
deficient neighbor then generates a tertiary cation, which is more stable.
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The details of the transition state of the observed hydride shift are shown schematically 
in Figure 9-2. A simple rule to remember when executing hydride shifts in carbocations is 
that the hydrogen and the positive charge formally exchange places between the two neigh-
boring carbon atoms participating in the reaction.

Hydride shifts of carbocations are generally very fast—faster than SN1 or E1 reactions. 
In part, this rapidity is due to hyperconjugation, which weakens the C–H bond (Section 7-5 
and Figure 9-2B). They are particularly favored when the new carbocation is more stable 
than the original one, as in the example depicted in Figure 9-2.

Note: Color is used to indicate 
the electrophilic (blue), 
nucleophilic (red), and 
leaving-group (green) 
character of the reacting 
centers. Therefore, a color 
may “switch” from one group 
or atom to another as the 
reaction proceeds.

Figure 9-2 The rearrangement of a carbocation by a hydride shift: (A) dotted-line notation; 
(B) orbital picture. Note that the migrating hydrogen and the positive charge exchange places. In 
addition, you can see how hyperconjugation weakens the C–H bond by effecting some electron 
transfer into the empty neighboring p orbital.
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The hydrogen and the positive charge formally exchange places between the two
neighboring carbon atoms participating in the reaction.

Hydride shifts of carbocations are generally very fast—faster than SN1 or E1 reactions. This
rapidity is due to hyperconjugation, which weakens the C–H bond.
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The details of the transition state of the observed hydride shift are shown schematically 
in Figure 9-2. A simple rule to remember when executing hydride shifts in carbocations is 
that the hydrogen and the positive charge formally exchange places between the two neigh-
boring carbon atoms participating in the reaction.

Hydride shifts of carbocations are generally very fast—faster than SN1 or E1 reactions. 
In part, this rapidity is due to hyperconjugation, which weakens the C–H bond (Section 7-5 
and Figure 9-2B). They are particularly favored when the new carbocation is more stable 
than the original one, as in the example depicted in Figure 9-2.
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Figure 9-2 The rearrangement of a carbocation by a hydride shift: (A) dotted-line notation; 
(B) orbital picture. Note that the migrating hydrogen and the positive charge exchange places. In 
addition, you can see how hyperconjugation weakens the C–H bond by effecting some electron 
transfer into the empty neighboring p orbital.
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The details of the transition state of the observed hydride shift are shown schematically 
in Figure 9-2. A simple rule to remember when executing hydride shifts in carbocations is 
that the hydrogen and the positive charge formally exchange places between the two neigh-
boring carbon atoms participating in the reaction.
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In part, this rapidity is due to hyperconjugation, which weakens the C–H bond (Section 7-5 
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addition, you can see how hyperconjugation weakens the C–H bond by effecting some electron 
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Primary carbocations are too unstable to be formed by rearrangement.

Carbocations of comparable stability, for example, the pairs secondary–secondary or
tertiary–tertiary, equilibrate readily. Any added nucleophile will trap all carbocations present,
furnishing mixtures of products.

Carbocation rearrangements take place regardless of the nature of the precursor to the
carbocation: alcohols, haloalkanes, and alkyl sulfonates.
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Carbocation rearrangements take place regardless of the nature of the precursor to the car-
bocation: alcohols (this section), haloalkanes (Chapter 7), and alkyl sulfonates (Section 6-7). 
For example, solvolysis of 2-bromo-3-ethyl-2-methylpentane in ethanol (ethanolysis) gives 
the two possible tertiary ethers.
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Carbocation rearrangements also give new E1 products
How does the rearrangement of intermediates affect the outcome of reactions under conditions 
that favor elimination? At elevated temperatures and in relatively nonnucleophilic media, rear-
ranged carbocations yield alkenes by the E1 mechanism (Sections 7-6 and 9-2). For exam-
ple, treatment of 2-methyl-2-pentanol with aqueous sulfuric acid at 808C gives the same 
major alkene product as that formed when the starting material is 4-methyl-2-pentanol. The 
conversion of the latter alcohol includes a hydride shift of the initial carbocation followed 
by deprotonation.
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Exercise 9-6

Give a mechanism for the preceding reaction. Then predict the outcome of the reaction of 2-chloro-
4-methylpentane with methanol. (Hint: Try two successive hydride shifts to the most stable 
carbocation.)

Exercise 9-7

(a) Give mechanisms for the preceding E1 reactions. (b) Treatment of 4-methylcyclohexanol with 
hot acid gives 1-methylcyclohexene. Explain by a mechanism. (Hint: Consider several sequential 
H shifts.)

Note: Carbocations can 
always give SN1 and E1 
products. Their relative ratios 
depend on the structure of 
the cation as well as the 
nucleophilicity of potential 
trapping agents and the 
temperature.

Other carbocation rearrangements are due to alkyl shifts
Carbocations, particularly when lacking suitable (secondary and tertiary) hydrogens next to 
the positively charged carbon, can undergo another mode of rearrangement, known as alkyl 
group migration or alkyl shift.
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Other carbocation rearrangements are due to alkyl shifts
Carbocations, particularly when lacking suitable (secondary and tertiary) hydrogens next to 
the positively charged carbon, can undergo another mode of rearrangement, known as alkyl 
group migration or alkyl shift.



18

Carbocation rearrangements also give new E1 products

At elevated temperatures and in relatively nonnucleophilic media, rearranged carbocations
yield alkenes by the E1 mechanism.
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major alkene product as that formed when the starting material is 4-methyl-2-pentanol. The 
conversion of the latter alcohol includes a hydride shift of the initial carbocation followed 
by deprotonation.
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Exercise 9-6

Give a mechanism for the preceding reaction. Then predict the outcome of the reaction of 2-chloro-
4-methylpentane with methanol. (Hint: Try two successive hydride shifts to the most stable 
carbocation.)

Exercise 9-7

(a) Give mechanisms for the preceding E1 reactions. (b) Treatment of 4-methylcyclohexanol with 
hot acid gives 1-methylcyclohexene. Explain by a mechanism. (Hint: Consider several sequential 
H shifts.)

Note: Carbocations can 
always give SN1 and E1 
products. Their relative ratios 
depend on the structure of 
the cation as well as the 
nucleophilicity of potential 
trapping agents and the 
temperature.

Other carbocation rearrangements are due to alkyl shifts
Carbocations, particularly when lacking suitable (secondary and tertiary) hydrogens next to 
the positively charged carbon, can undergo another mode of rearrangement, known as alkyl 
group migration or alkyl shift.

334 F u r t h e r  R e a c t i o n s  o f  A l c o h o l s  a n d  t h e  C h e m i s t r y  o f  E t h e r s  C H A P T E R  9

CH3C COH

H3C

H3C

Rearrangement by Alkyl Shift in SN1 Reaction

HBr

!HOH

A
CH3
A

A
H
A

O

3,3-Dimethyl-2-butanol

CH3C CCH3

Br

H3C

A
CH3
A

A
H

94%

A
O

2-Bromo-2,3-dimethylbutane

As in the hydride shift, the migrating group takes its electron pair with it to form a bond 
to the neighboring positively charged carbon. The moving alkyl group and the positive 
charge formally exchange places.

CH3C COH H"
" "

"

H3C

H3C

A
CH3
A

A
H
A

O CH3C CCH3

H3C

H3C

A

A
H
A

Oš" CH3C CCH3

H3C

CH3
A

A
H
A

O CH3C CCH3

H3C

CH3
A

Br
A

A
H
A

O

Mechanism of Alkyl Shift

CH3 shift

š ""

"  Br  !š" ""
!  Br  !š" ""

š"!H2O

š""H2O

The rates of alkyl and hydride shifts are comparable when leading to carbocations of similar 
stability. However, either type of migration is faster when furnishing tertiary carbocations 
relative to those ending in their secondary counterparts. This explains why, in the preceding 
discussion of hydride shifts, alkyl group rearrangement was not observed: The less substi-
tuted cation would have been the result. Exceptions to this observation are found only if 
there are other compelling reasons for the preference of alkyl migration, such as electronic 
stabilization or steric relief (see Worked Example 26 and Problem 61).
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Solved Exercise 9-8 Working with the Concepts: Formulating a More Complex 
Carbocation Rearrangement

Molecules of the type A have been shown to dehydrate to B. Formulate a mechanism.
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Strategy
First we need to look carefully at the function(s) in A and B, as well as the reagent: We recognize 
the presence of a tertiary alcohol that is being treated with acid. These conditions are suggestive 
of the formation of a carbocation. Moreover, the net reaction is dehydration, indicating an E1 
process. Second, it is important to inspect the carbon skeleton in A and compare it with that in B: 
We can see that the methyl group has migrated to its neighboring carbon. Conclusion: We are 
dealing with a carbocation rearrangement featuring a methyl shift.

Solution
• The ! rst steps are protonation followed by loss of water to generate the carbocation.
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Other carbocation rearrangements are due to alkyl shifts

Carbocations, particularly when lacking suitable (secondary and tertiary) hydrogens next to
the positively charged carbon, can undergo another mode of rearrangement, known as alkyl
group migration or alkyl shift.



19

As in the hydride shift, the migrating group takes its electron pair with it to form a bond to the
neighboring positively charged carbon. The moving alkyl group and the positive charge
formally exchange places.
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As in the hydride shift, the migrating group takes its electron pair with it to form a bond 
to the neighboring positively charged carbon. The moving alkyl group and the positive 
charge formally exchange places.
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The rates of alkyl and hydride shifts are comparable when leading to carbocations of similar 
stability. However, either type of migration is faster when furnishing tertiary carbocations 
relative to those ending in their secondary counterparts. This explains why, in the preceding 
discussion of hydride shifts, alkyl group rearrangement was not observed: The less substi-
tuted cation would have been the result. Exceptions to this observation are found only if 
there are other compelling reasons for the preference of alkyl migration, such as electronic 
stabilization or steric relief (see Worked Example 26 and Problem 61).
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the presence of a tertiary alcohol that is being treated with acid. These conditions are suggestive 
of the formation of a carbocation. Moreover, the net reaction is dehydration, indicating an E1 
process. Second, it is important to inspect the carbon skeleton in A and compare it with that in B: 
We can see that the methyl group has migrated to its neighboring carbon. Conclusion: We are 
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The rates of alkyl and hydride shifts are comparable when leading to carbocations of similar
stability.

Either type of migration is faster when furnishing tertiary carbocations relative to those
ending in their secondary counterparts.
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Primary alcohols may undergo rearrangement

Treatment of a primary alcohol with HBr or HI normally produces the corresponding
haloalkane through SN2 reaction of the alkyloxonium ion.

It is possible in some cases to observe alkyl and hydride shifts to primary carbons bearing
leaving groups, even though primary carbocations are not formed in solution.
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Primary alcohols may undergo rearrangement
Treatment of a primary alcohol with HBr or HI normally produces the corresponding halo-
alkane through SN2 reaction of the alkyloxonium ion (Section 9-2). However, it is possible 
in some cases to observe alkyl and hydride shifts to primary carbons bearing leaving 
groups, even though primary carbocations are not formed in solution. For example, treating 
2,2-dimethyl-1-propanol (neopentyl alcohol) with strong acid causes rearrangement, despite 
the fact that a primary carbocation cannot be an intermediate.
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In this case, after protonation to form the alkyloxonium ion, steric hindrance interferes with 
direct displacement by bromide (Section 6-10). Instead, water leaves at the same time as a 
methyl group migrates from the neighboring carbon, thus bypassing formation of a primary 
carbocation.
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Rearrangements of primary substrates are relatively dif! cult processes, usually requiring 
elevated temperatures and long reaction times.

• This cation has, in principle, various options. For example, it could be trapped by HSO4
2 

as a nucleophile (SN1). However, HSO4
2 is very weak in this respect (it is a poor base; Sec-

tion 6-8). Moreover, even if it did form a bond to the cationic center, this would be readily 
reversible (HSO4

2 is an excellent leaving group; Section 6-7). It could also lose a proton in 
two possible ways. This is also reversible and not observed. Instead, this cation provides an 
opportunity to move the methyl group to the neighboring position, as in B, by rearrangement.

• Finally, deprotonation by HSO4
2 (written as “proton loss”) provides the product.
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Exercise 9-9 Try It Yourself

At 1008C, 3,3-dimethyl-2-butanol gives three products of E1 reaction: one derived from the car-
bocation present prior to rearrangement, the other two from that formed after an alkyl shift has 
taken place. Give the structures of these elimination products.

Nucleophile: red 
Electrophile: blue 
Leaving group: green

Mechanism

ReactionRReaction
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In this case, after protonation to form the alkyloxonium ion, steric hindrance interferes with
direct displacement by bromide.

Instead, water leaves at the same time as a methyl group migrates from the neighboring
carbon, thus bypassing formation of a primary carbocation.

Rearrangements of primary substrates are relatively difficult processes, usually requiring
elevated temperatures and long reaction times.
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