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13.9 Reactions of Alcohols: Substitution and Elimination

SN1 Reactions with Alcohols

a hydrogen halide.

OH X
H2OHX ±

N1 mechanism.

OH BrH Br –H2O + Br
–O

H

H
+

Proton transfer Nucleophilic attackLoss of a leaving group

Recall that an SN1 mechanism has two core steps (loss of leaving group and nucleophilic attack). 

therefore most appropriate for tertiary alcohols. Secondary alcohols undergo SN1 more slowly, 
and primary alcohols will not undergo SN
alcohol, an SN

SN2 Reactions with Alcohols
Primary and secondary alcohols will undergo substitution reactions with a variety of reagents, 
all of which proceed via an SN
all employ an SN

MEDICALLYSPEAKING   
Phenols as Antifungal Agents

para-Chloro-
meta-xylenol

OH

Cl
Haloprogin

O

Cl

Cl

ICl

N

OH
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Cl
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E1 and E2 Reactions with Alcohols

OH ± H2O
H2SO4

heat

This transformation follows an E1 mechanism:

H O S

O

O

HO

OH H H
O

H
+

–H2O
O

H

H
+

Proton transfer Proton transferLoss of LG

Recall that the two core steps of an E1 mechanism are loss of a leaving group followed by a 

required in order to protonate the hydroxyl group. This reaction proceeds via a carbocation 
intermediate and is therefore best for tertiary alcohols. Also recall that elimination generally 
favors the more substituted alkene.

OH

Major Minor

H2SO4
heat ±

converted into a better leaving group, such as a tosylate. A strong base can then be employed to 

OH OTs NaOEt
E2

TsCl
py

CONCEPTUAL CHECKPOINT

13.21 

OH ?H2SO4
heat OH

1) TsCl, py
2) NaOEt ?
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13.10 Reactions of Alcohols: Oxidation

will explore the reverse process, called oxidation, which involves an increase in oxidation state. 

OH

H

O
Oxidation

Reduction

The outcome of an oxidation process depends on whether the starting alcohol is primary, 

Primary alcohol

R

OH

H
H R

O

H

Aldehyde

R

O

OH

Carboxylic acid

[O] [O]

Notice that a primary alcohol has two protons at the  position (the carbon atom bearing the 
-

duces an aldehyde, and then oxidation of the aldehyde produces a carboxylic acid.
Secondary alcohols only have one proton at the  position so they can only be oxidized 

once, forming a ketone.

R

O

RR

OH

R
H

Secondary alcohol Ketone

[O]
¡

Generally speaking, the ketone is not further oxidized. Tertiary alcohols do not have any pro-
tons at the  position, and as a result, they generally do not undergo oxidation:

R

OH

R
R

no reaction[O]

A large number of reagents are available for oxidizing primary and secondary alcohols. The 
most common oxidizing reagent is chromic acid (H ), which can be formed either from 

) or from sodium dichromate (Na O7) in aqueous acidic solution.

O
Cr

O

O

Chromium trioxide

Chromic acid

Cr OH

O

O

HO

Acetone
H3O±

H2SO4
H2ONa

+
Na
+

Sodium dichromate

Cr O Cr

O

O

O

O

O

O
––

carbon-oxygen  bond (rather than a carbon-carbon  bond).

LOOKING AHEAD
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 1. Primary alcohols will react with HBr via an SN

Proton transfer
Nucleophilic attack ±

loss of a leaving group 

H2O
OH BrH Br

SN2
Br
–

±
O

H

H
+

by an SN
 is used as a catalyst.

OH ClHCl
ZnCl2

The catalyst is a Lewis acid that converts the hydroxyl group into a better leaving group.

Nuc attack
on a Lewis acid

Nuc attack ±
loss of LG 

OH ClZnCl2
SN2
Cl
–

ZnCl2
O

H
+

–

 2. 
attack.

XOH

Bad
leaving group

OTs

Good
leaving group

X
SN2

–
TsCl
py

py=

pyridine

N

excellent leaving group), which is susceptible to an SN

during formation of the tosylate, but it is inverted during the SN

OH

R

Br

S

1) TsCl, py
2) NaBr

 3.  or PBr  via an SN

OH

Cl

Br

SOCl2
py

PBr3
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E1 and E2 Reactions with Alcohols
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+
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Recall that the two core steps of an E1 mechanism are loss of a leaving group followed by a 

required in order to protonate the hydroxyl group. This reaction proceeds via a carbocation 
intermediate and is therefore best for tertiary alcohols. Also recall that elimination generally 
favors the more substituted alkene.
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will explore the reverse process, called oxidation, which involves an increase in oxidation state. 

OH

H

O
Oxidation

Reduction

The outcome of an oxidation process depends on whether the starting alcohol is primary, 

Primary alcohol

R

OH

H
H R

O

H

Aldehyde

R

O

OH

Carboxylic acid

[O] [O]

Notice that a primary alcohol has two protons at the  position (the carbon atom bearing the 
-

duces an aldehyde, and then oxidation of the aldehyde produces a carboxylic acid.
Secondary alcohols only have one proton at the  position so they can only be oxidized 

once, forming a ketone.

R

O

RR

OH

R
H

Secondary alcohol Ketone

[O]
¡

Generally speaking, the ketone is not further oxidized. Tertiary alcohols do not have any pro-
tons at the  position, and as a result, they generally do not undergo oxidation:

R

OH

R
R

no reaction[O]

A large number of reagents are available for oxidizing primary and secondary alcohols. The 
most common oxidizing reagent is chromic acid (H ), which can be formed either from 

) or from sodium dichromate (Na O7) in aqueous acidic solution.

O
Cr

O

O

Chromium trioxide

Chromic acid

Cr OH

O

O

HO

Acetone
H3O±

H2SO4
H2ONa

+
Na
+

Sodium dichromate

Cr O Cr

O

O

O

O

O

O
––

carbon-oxygen  bond (rather than a carbon-carbon  bond).

LOOKING AHEAD
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PRACTICALLYSPEAKING   
Breath Tests to Measure Blood Alcohol Level

Cr2O7
2–

Reddish orange

Cr3±

Green

OH

Ethanol

OH

O

Acetic acid

H±± ±

MECHANISM 13.8 OXIDATION OF AN ALCOHOL WITH CHROMIC ACID

R

R
OHH HO

O

Cr OH

O

O

Cr OH

O

OH

R

R

Chromate ester

STEP 1

STEP 2

Fast and
reversible

±

Chromate ester

O

Cr OH

O

H

R

R
O E2

H H
O R

R
O H3O±± ± HCrO3

± H2O

–
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 1. Primary alcohols will react with HBr via an SN

Proton transfer
Nucleophilic attack ±

loss of a leaving group 

H2O
OH BrH Br

SN2
Br
–

±
O

H

H
+

by an SN
 is used as a catalyst.

OH ClHCl
ZnCl2

The catalyst is a Lewis acid that converts the hydroxyl group into a better leaving group.

Nuc attack
on a Lewis acid

Nuc attack ±
loss of LG 

OH ClZnCl2
SN2
Cl
–

ZnCl2
O

H
+

–

 2. 
attack.

XOH

Bad
leaving group

OTs

Good
leaving group

X
SN2

–
TsCl
py

py=

pyridine

N

excellent leaving group), which is susceptible to an SN

during formation of the tosylate, but it is inverted during the SN

OH

R

Br

S

1) TsCl, py
2) NaBr

 3.  or PBr  via an SN

OH

Cl

Br

SOCl2
py

PBr3
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MECHANISM 13.6 THE REACTION BETWEEN SOCl2 AND AN ALCOHOL

OH

Bad
leaving group

SOCl2
py

N

SCl
Cl

O

S

H

Cl

O

O+

Good
leaving group

S
Cl

O

O

Cl
–

O
S

H
Cl

Cl
O

+

–

SO2
Cl

Cl
–

±±

MECHANISM 13.7 THE REACTION BETWEEN PBr3 AND AN ALCOHOL

Bad
leaving group

Good
leaving group

OH
HOPBr2

P
Br

Br
Br SN2 BrO

P

H

Br

Br

+

Br
–

± ±

The reaction mechanism for PBr  has similar characteristics, including conversion of the 

Notice the similarity among all of the SN
the conversion of the hydroxyl group into a better leaving group followed by nucleophilic attack. 

group into a good leaving group, then the halide attacks in an SN
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will explore the reverse process, called oxidation, which involves an increase in oxidation state. 

OH

H
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Oxidation

Reduction

The outcome of an oxidation process depends on whether the starting alcohol is primary, 

Primary alcohol

R
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Carboxylic acid

[O] [O]

Notice that a primary alcohol has two protons at the  position (the carbon atom bearing the 
-

duces an aldehyde, and then oxidation of the aldehyde produces a carboxylic acid.
Secondary alcohols only have one proton at the  position so they can only be oxidized 

once, forming a ketone.

R
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R
H

Secondary alcohol Ketone

[O]
¡

Generally speaking, the ketone is not further oxidized. Tertiary alcohols do not have any pro-
tons at the  position, and as a result, they generally do not undergo oxidation:

R

OH

R
R

no reaction[O]

A large number of reagents are available for oxidizing primary and secondary alcohols. The 
most common oxidizing reagent is chromic acid (H ), which can be formed either from 

) or from sodium dichromate (Na O7) in aqueous acidic solution.
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O

Chromium trioxide

Chromic acid

Cr OH

O
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Acetone
H3O±
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+
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+

Sodium dichromate

Cr O Cr
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O
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carbon-oxygen  bond (rather than a carbon-carbon  bond).

LOOKING AHEAD
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PRACTICALLYSPEAKING   
Breath Tests to Measure Blood Alcohol Level
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MECHANISM 13.8 OXIDATION OF AN ALCOHOL WITH CHROMIC ACID

R

R
OHH HO

O

Cr OH

O

O

Cr OH

O

OH

R

R

Chromate ester

STEP 1

STEP 2

Fast and
reversible

±

Chromate ester

O

Cr OH

O

H

R

R
O E2

H H
O R

R
O H3O±± ± HCrO3

± H2O

–
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R

OH

R OH

O

Alcohol Aldehyde
Difficult to isolate

Carboxylic
acid

R H

O
Na2Cr2O7

H2SO4 , H2O

-
ing reagent, one that will react with the alcohol but will not react with the aldehyde. Many such 

-
tion between pyridine, chromium trioxide, and hydrochloric acid.

CrO3 HClN

Pyridine

±±

PCC

Pyridinium

N H
+

Chlorochromate

CrO3Cl
–

these conditions, the aldehyde is not further oxidized to the carboxylic acid. 

R

OH

Primary
alcohol

R H

O

Aldehyde

PCC
CH2Cl2

Secondary alcohols are oxidized only once to form a ketone, which is stable under oxidizing con-

R

OH

R R R

O

Secondary
alcohol

Ketone

Na2Cr2O7
H2SO4 , H2O

PCC
CH2Cl2

functional groups are present in the compound.
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 1. Primary alcohols will react with HBr via an SN

Proton transfer
Nucleophilic attack ±

loss of a leaving group 

H2O
OH BrH Br

SN2
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–

±
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H

H
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by an SN
 is used as a catalyst.

OH ClHCl
ZnCl2

The catalyst is a Lewis acid that converts the hydroxyl group into a better leaving group.

Nuc attack
on a Lewis acid

Nuc attack ±
loss of LG 

OH ClZnCl2
SN2
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ZnCl2
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H
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 2. 
attack.
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Bad
leaving group

OTs

Good
leaving group

X
SN2

–
TsCl
py

py=

pyridine

N

excellent leaving group), which is susceptible to an SN

during formation of the tosylate, but it is inverted during the SN
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2) NaBr

 3.  or PBr  via an SN
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MECHANISM 13.6 THE REACTION BETWEEN SOCl2 AND AN ALCOHOL

OH

Bad
leaving group

SOCl2
py

N

SCl
Cl

O

S

H

Cl

O

O+

Good
leaving group

S
Cl

O

O

Cl
–

O
S

H
Cl

Cl
O

+

–

SO2
Cl

Cl
–

±±

MECHANISM 13.7 THE REACTION BETWEEN PBr3 AND AN ALCOHOL

Bad
leaving group

Good
leaving group

OH
HOPBr2

P
Br

Br
Br SN2 BrO

P

H

Br

Br

+

Br
–

± ±

The reaction mechanism for PBr  has similar characteristics, including conversion of the 

Notice the similarity among all of the SN
the conversion of the hydroxyl group into a better leaving group followed by nucleophilic attack. 

group into a good leaving group, then the halide attacks in an SN
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LEARN the skill

OH Cl

SOLUTION
N

N

N N

N

N

N

N

N

OH Cl
HCl, ZnCl2

SOCl2 , py

1) TsCl, py
2) NaCl

13.19 

OH Br

(a)  

OH Br

(b)

OH Cl
(c)  

OH Br
(d)

OH Cl(e)  OH Br(f)

13.20 

OH Cl

Try Problems 13.35a–c, 13.44f, 13.52r

SKILLBUILDER 
13.6 PROPOSING REAGENTS FOR THE CONVERSION OF AN ALCOHOL INTO AN ALKYL HALIDE

STEP 1

STEP 2

N

STEP 3

need more PRACTICE?

APPLY the skill

PRACTICE the skill
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PRACTICALLYSPEAKING   
Breath Tests to Measure Blood Alcohol Level

Cr2O7
2–

Reddish orange

Cr3±

Green

OH

Ethanol

OH

O

Acetic acid

H±± ±

MECHANISM 13.8 OXIDATION OF AN ALCOHOL WITH CHROMIC ACID

R

R
OHH HO

O

Cr OH

O

O

Cr OH

O

OH

R

R

Chromate ester

STEP 1

STEP 2

Fast and
reversible

±

Chromate ester

O

Cr OH

O

H

R

R
O E2

H H
O R

R
O H3O±± ± HCrO3

± H2O

–
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R

OH

R OH

O

Alcohol Aldehyde
Difficult to isolate

Carboxylic
acid

R H

O
Na2Cr2O7

H2SO4 , H2O

-
ing reagent, one that will react with the alcohol but will not react with the aldehyde. Many such 

-
tion between pyridine, chromium trioxide, and hydrochloric acid.

CrO3 HClN

Pyridine

±±

PCC

Pyridinium

N H
+

Chlorochromate

CrO3Cl
–

these conditions, the aldehyde is not further oxidized to the carboxylic acid. 

R

OH

Primary
alcohol

R H

O

Aldehyde

PCC
CH2Cl2

Secondary alcohols are oxidized only once to form a ketone, which is stable under oxidizing con-

R

OH

R R R

O

Secondary
alcohol

Ketone

Na2Cr2O7
H2SO4 , H2O

PCC
CH2Cl2

functional groups are present in the compound.
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LEARN the skill

STEP 1

STEP 2

STEP 3

need more PRACTICE?

APPLY the skill

PRACTICE the skill

SKILLBUILDER 
13.7 PREDICTING THE PRODUCTS OF AN OXIDATION REACTION

OH CrO3
H3O±, acetone ?

SOLUTION

OH

O

H

Aldehyde

O

OH

Carboxylic acid

[O] [O] 

OH

O

OHCrO3

H3O±, acetone

13.22 

H

OHO
PCC

CH2Cl2 ?
(a)  

OH

Na2Cr2O7
H2SO4 , H2O ?(b)

OH
H

O

xs CrO3

acetone
H3O± ?

(c)  

OH

(d)
PCC

CH2Cl2 ?
OH PCC

CH2Cl2 ?(e)
 

OH
Na2Cr2O7

H2SO4 , H2O ?(f)

13.23 

Br

O

H(a)  

H

O

(b)

O

(c)  

O

(d)

Try Problems 13.35e–f, 13.37, 13.48
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MECHANISM 13.6 THE REACTION BETWEEN SOCl2 AND AN ALCOHOL

OH

Bad
leaving group

SOCl2
py

N

SCl
Cl

O

S

H

Cl

O

O+

Good
leaving group

S
Cl

O

O

Cl
–

O
S

H
Cl

Cl
O

+

–

SO2
Cl

Cl
–

±±

MECHANISM 13.7 THE REACTION BETWEEN PBr3 AND AN ALCOHOL

Bad
leaving group

Good
leaving group

OH
HOPBr2

P
Br

Br
Br SN2 BrO

P

H

Br

Br

+

Br
–

± ±

The reaction mechanism for PBr  has similar characteristics, including conversion of the 

Notice the similarity among all of the SN
the conversion of the hydroxyl group into a better leaving group followed by nucleophilic attack. 

group into a good leaving group, then the halide attacks in an SN
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OH Br

(b)
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(c)  
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Try Problems 13.35a–c, 13.44f, 13.52r
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need more PRACTICE?

APPLY the skill

PRACTICE the skill

klein_c13_564-621hr.indd   594 11/8/10   2:11 PM

 13.9   Reactions of Alcohols: Substitution and Elimination      595

PRACTICALLYSPEAKING   
Drug Metabolism

N

1. D

 

2. N

O
HO

HO
OH

O

O

OH

P

O

O

O P

O

O

O

Good LG (called UDP)

UDPGA

N
NO

HO
OH

O

HO

O
HO

HO
OH

OH

OH

D-Glucose

Bad LG

- -

O

N H
H

HO OH

Morphine
An opiate analgesic

used to treat severe pain

HO

N O

H

Acetaminophen
An analgesic (pain-relieving)

and antipyretic (fever-reducing) agent,
sold under the trade name TylenolTM

O2N

OH

N

O

Cl

Cl

OH

H

Chloramphenicol
An antibiotic used in eye drops
to treat bacterial conjuctivitis

O

N H
H

HO OH

Morphine
An opiate analgesic

used to treat severe pain

HO

N O

H

Acetaminophen
An analgesic (pain-relieving)

and antipyretic (fever-reducing) agent,
sold under the trade name TylenolTM

O2N

OH

N

O

Cl

Cl

OH

H

Chloramphenicol
An antibiotic used in eye drops
to treat bacterial conjuctivitis

OHO
HO

OH
O

O
OH

UDP

–H±

ROH
UDP-glucuronyl-transferase

OHO
HO

OH
O

O
OH

R

b-Glucuronide

 N

N
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Alcohol Aldehyde
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Carboxylic
acid

R H

O
Na2Cr2O7

H2SO4 , H2O

-
ing reagent, one that will react with the alcohol but will not react with the aldehyde. Many such 

-
tion between pyridine, chromium trioxide, and hydrochloric acid.

CrO3 HClN

Pyridine

±±

PCC

Pyridinium

N H
+

Chlorochromate

CrO3Cl
–

these conditions, the aldehyde is not further oxidized to the carboxylic acid. 

R

OH

Primary
alcohol

R H

O

Aldehyde

PCC
CH2Cl2

Secondary alcohols are oxidized only once to form a ketone, which is stable under oxidizing con-

R

OH

R R R

O

Secondary
alcohol

Ketone

Na2Cr2O7
H2SO4 , H2O

PCC
CH2Cl2

functional groups are present in the compound.
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LEARN the skill

STEP 1

STEP 2

STEP 3

need more PRACTICE?

APPLY the skill

PRACTICE the skill

SKILLBUILDER 
13.7 PREDICTING THE PRODUCTS OF AN OXIDATION REACTION

OH CrO3
H3O±, acetone ?

SOLUTION

OH

O

H

Aldehyde

O

OH

Carboxylic acid

[O] [O] 

OH

O

OHCrO3

H3O±, acetone

13.22 

H

OHO
PCC

CH2Cl2 ?
(a)  

OH

Na2Cr2O7
H2SO4 , H2O ?(b)

OH
H

O

xs CrO3

acetone
H3O± ?

(c)  

OH

(d)
PCC

CH2Cl2 ?
OH PCC

CH2Cl2 ?(e)
 

OH
Na2Cr2O7

H2SO4 , H2O ?(f)

13.23 

Br

O

H(a)  

H

O

(b)

O

(c)  

O

(d)

Try Problems 13.35e–f, 13.37, 13.48

klein_c13_564-621hr.indd   600 11/8/10   2:11 PM



594   CHAPTER  13   Alcohols and Phenols

LEARN the skill

OH Cl

SOLUTION
N

N

N N

N

N

N

N

N

OH Cl
HCl, ZnCl2

SOCl2 , py

1) TsCl, py
2) NaCl

13.19 

OH Br

(a)  

OH Br

(b)

OH Cl
(c)  

OH Br
(d)

OH Cl(e)  OH Br(f)

13.20 

OH Cl

Try Problems 13.35a–c, 13.44f, 13.52r

SKILLBUILDER 
13.6 PROPOSING REAGENTS FOR THE CONVERSION OF AN ALCOHOL INTO AN ALKYL HALIDE

STEP 1

STEP 2

N

STEP 3

need more PRACTICE?

APPLY the skill

PRACTICE the skill
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PRACTICALLYSPEAKING   
Drug Metabolism

N

1. D

 

2. N

O
HO

HO
OH

O

O

OH

P

O

O

O P

O

O

O

Good LG (called UDP)

UDPGA

N
NO

HO
OH

O

HO

O
HO

HO
OH

OH

OH

D-Glucose

Bad LG

- -

O

N H
H

HO OH

Morphine
An opiate analgesic

used to treat severe pain

HO

N O

H

Acetaminophen
An analgesic (pain-relieving)

and antipyretic (fever-reducing) agent,
sold under the trade name TylenolTM

O2N

OH

N

O

Cl

Cl

OH

H

Chloramphenicol
An antibiotic used in eye drops
to treat bacterial conjuctivitis

O

N H
H

HO OH

Morphine
An opiate analgesic

used to treat severe pain

HO

N O

H

Acetaminophen
An analgesic (pain-relieving)

and antipyretic (fever-reducing) agent,
sold under the trade name TylenolTM

O2N

OH

N

O

Cl

Cl

OH

H

Chloramphenicol
An antibiotic used in eye drops
to treat bacterial conjuctivitis

OHO
HO

OH
O

O
OH

UDP

–H±

ROH
UDP-glucuronyl-transferase

OHO
HO

OH
O

O
OH

R

b-Glucuronide

 N

N
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need more PRACTICE?
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SKILLBUILDER 
13.7 PREDICTING THE PRODUCTS OF AN OXIDATION REACTION

OH CrO3
H3O±, acetone ?

SOLUTION

OH

O

H

Aldehyde

O

OH

Carboxylic acid

[O] [O] 

OH

O

OHCrO3

H3O±, acetone

13.22 

H

OHO
PCC

CH2Cl2 ?
(a)  

OH

Na2Cr2O7
H2SO4 , H2O ?(b)

OH
H

O

xs CrO3

acetone
H3O± ?

(c)  

OH

(d)
PCC

CH2Cl2 ?
OH PCC

CH2Cl2 ?(e)
 

OH
Na2Cr2O7

H2SO4 , H2O ?(f)

13.23 

Br

O

H(a)  

H

O

(b)

O

(c)  

O

(d)

Try Problems 13.35e–f, 13.37, 13.48
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13.9 Reactions of Alcohols: Substitution and Elimination

SN1 Reactions with Alcohols

a hydrogen halide.

OH X
H2OHX ±

N1 mechanism.

OH BrH Br –H2O + Br
–O

H

H
+

Proton transfer Nucleophilic attackLoss of a leaving group

Recall that an SN1 mechanism has two core steps (loss of leaving group and nucleophilic attack). 

therefore most appropriate for tertiary alcohols. Secondary alcohols undergo SN1 more slowly, 
and primary alcohols will not undergo SN
alcohol, an SN

SN2 Reactions with Alcohols
Primary and secondary alcohols will undergo substitution reactions with a variety of reagents, 
all of which proceed via an SN
all employ an SN

MEDICALLYSPEAKING   
Phenols as Antifungal Agents

para-Chloro-
meta-xylenol

OH

Cl
Haloprogin

O

Cl

Cl

ICl

N

OH

I

Cl

Clioquinol

O

NS

Tolnaftate
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E1 and E2 Reactions with Alcohols

OH ± H2O
H2SO4

heat

This transformation follows an E1 mechanism:

H O S

O

O

HO

OH H H
O

H
+

–H2O
O

H

H
+

Proton transfer Proton transferLoss of LG

Recall that the two core steps of an E1 mechanism are loss of a leaving group followed by a 

required in order to protonate the hydroxyl group. This reaction proceeds via a carbocation 
intermediate and is therefore best for tertiary alcohols. Also recall that elimination generally 
favors the more substituted alkene.

OH

Major Minor

H2SO4
heat ±

converted into a better leaving group, such as a tosylate. A strong base can then be employed to 

OH OTs NaOEt
E2

TsCl
py

CONCEPTUAL CHECKPOINT

13.21 

OH ?H2SO4
heat OH

1) TsCl, py
2) NaOEt ?
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13.10 Reactions of Alcohols: Oxidation

will explore the reverse process, called oxidation, which involves an increase in oxidation state. 

OH

H

O
Oxidation

Reduction

The outcome of an oxidation process depends on whether the starting alcohol is primary, 

Primary alcohol

R

OH

H
H R

O

H

Aldehyde

R

O

OH

Carboxylic acid

[O] [O]

Notice that a primary alcohol has two protons at the  position (the carbon atom bearing the 
-

duces an aldehyde, and then oxidation of the aldehyde produces a carboxylic acid.
Secondary alcohols only have one proton at the  position so they can only be oxidized 

once, forming a ketone.

R

O

RR

OH

R
H

Secondary alcohol Ketone

[O]
¡

Generally speaking, the ketone is not further oxidized. Tertiary alcohols do not have any pro-
tons at the  position, and as a result, they generally do not undergo oxidation:

R

OH

R
R

no reaction[O]

A large number of reagents are available for oxidizing primary and secondary alcohols. The 
most common oxidizing reagent is chromic acid (H ), which can be formed either from 

) or from sodium dichromate (Na O7) in aqueous acidic solution.

O
Cr

O

O

Chromium trioxide

Chromic acid

Cr OH

O

O

HO

Acetone
H3O±

H2SO4
H2ONa

+
Na
+

Sodium dichromate

Cr O Cr

O

O

O

O

O

O
––

carbon-oxygen  bond (rather than a carbon-carbon  bond).

LOOKING AHEAD
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13.9 Reactions of Alcohols: Substitution and Elimination

SN1 Reactions with Alcohols

a hydrogen halide.

OH X
H2OHX ±

N1 mechanism.

OH BrH Br –H2O + Br
–O

H

H
+

Proton transfer Nucleophilic attackLoss of a leaving group

Recall that an SN1 mechanism has two core steps (loss of leaving group and nucleophilic attack). 

therefore most appropriate for tertiary alcohols. Secondary alcohols undergo SN1 more slowly, 
and primary alcohols will not undergo SN
alcohol, an SN

SN2 Reactions with Alcohols
Primary and secondary alcohols will undergo substitution reactions with a variety of reagents, 
all of which proceed via an SN
all employ an SN

MEDICALLYSPEAKING   
Phenols as Antifungal Agents

para-Chloro-
meta-xylenol

OH

Cl
Haloprogin

O

Cl

Cl

ICl

N

OH

I

Cl

Clioquinol

O

NS

Tolnaftate
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 1. Primary alcohols will react with HBr via an SN

Proton transfer
Nucleophilic attack ±

loss of a leaving group 

H2O
OH BrH Br

SN2
Br
–

±
O

H

H
+

by an SN
 is used as a catalyst.

OH ClHCl
ZnCl2

The catalyst is a Lewis acid that converts the hydroxyl group into a better leaving group.

Nuc attack
on a Lewis acid

Nuc attack ±
loss of LG 

OH ClZnCl2
SN2
Cl
–

ZnCl2
O

H
+

–

 2. 
attack.

XOH

Bad
leaving group

OTs

Good
leaving group

X
SN2

–
TsCl
py

py=

pyridine

N

excellent leaving group), which is susceptible to an SN

during formation of the tosylate, but it is inverted during the SN

OH

R

Br

S

1) TsCl, py
2) NaBr

 3.  or PBr  via an SN

OH

Cl

Br

SOCl2
py

PBr3
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E1 and E2 Reactions with Alcohols

OH ± H2O
H2SO4

heat

This transformation follows an E1 mechanism:

H O S

O

O

HO

OH H H
O

H
+

–H2O
O

H

H
+

Proton transfer Proton transferLoss of LG

Recall that the two core steps of an E1 mechanism are loss of a leaving group followed by a 

required in order to protonate the hydroxyl group. This reaction proceeds via a carbocation 
intermediate and is therefore best for tertiary alcohols. Also recall that elimination generally 
favors the more substituted alkene.

OH

Major Minor

H2SO4
heat ±

converted into a better leaving group, such as a tosylate. A strong base can then be employed to 

OH OTs NaOEt
E2

TsCl
py

CONCEPTUAL CHECKPOINT

13.21 

OH ?H2SO4
heat OH

1) TsCl, py
2) NaOEt ?
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13.10 Reactions of Alcohols: Oxidation

will explore the reverse process, called oxidation, which involves an increase in oxidation state. 

OH

H

O
Oxidation

Reduction

The outcome of an oxidation process depends on whether the starting alcohol is primary, 

Primary alcohol

R

OH

H
H R

O

H

Aldehyde

R

O

OH

Carboxylic acid

[O] [O]

Notice that a primary alcohol has two protons at the  position (the carbon atom bearing the 
-

duces an aldehyde, and then oxidation of the aldehyde produces a carboxylic acid.
Secondary alcohols only have one proton at the  position so they can only be oxidized 

once, forming a ketone.

R

O

RR

OH

R
H

Secondary alcohol Ketone

[O]
¡

Generally speaking, the ketone is not further oxidized. Tertiary alcohols do not have any pro-
tons at the  position, and as a result, they generally do not undergo oxidation:

R

OH

R
R

no reaction[O]

A large number of reagents are available for oxidizing primary and secondary alcohols. The 
most common oxidizing reagent is chromic acid (H ), which can be formed either from 

) or from sodium dichromate (Na O7) in aqueous acidic solution.

O
Cr

O

O

Chromium trioxide

Chromic acid

Cr OH

O

O

HO

Acetone
H3O±

H2SO4
H2ONa

+
Na
+

Sodium dichromate

Cr O Cr

O

O

O

O

O

O
––

carbon-oxygen  bond (rather than a carbon-carbon  bond).

LOOKING AHEAD
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PRACTICALLYSPEAKING   
Breath Tests to Measure Blood Alcohol Level

Cr2O7
2–

Reddish orange

Cr3±

Green

OH

Ethanol

OH

O

Acetic acid

H±± ±

MECHANISM 13.8 OXIDATION OF AN ALCOHOL WITH CHROMIC ACID

R

R
OHH HO

O

Cr OH

O

O

Cr OH

O

OH

R

R

Chromate ester

STEP 1

STEP 2

Fast and
reversible

±

Chromate ester

O

Cr OH

O

H

R

R
O E2

H H
O R

R
O H3O±± ± HCrO3

± H2O

–
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13.9 Reactions of Alcohols: Substitution and Elimination

SN1 Reactions with Alcohols

a hydrogen halide.

OH X
H2OHX ±

N1 mechanism.

OH BrH Br –H2O + Br
–O

H

H
+

Proton transfer Nucleophilic attackLoss of a leaving group

Recall that an SN1 mechanism has two core steps (loss of leaving group and nucleophilic attack). 

therefore most appropriate for tertiary alcohols. Secondary alcohols undergo SN1 more slowly, 
and primary alcohols will not undergo SN
alcohol, an SN

SN2 Reactions with Alcohols
Primary and secondary alcohols will undergo substitution reactions with a variety of reagents, 
all of which proceed via an SN
all employ an SN

MEDICALLYSPEAKING   
Phenols as Antifungal Agents

para-Chloro-
meta-xylenol

OH

Cl
Haloprogin

O

Cl

Cl

ICl

N

OH

I

Cl

Clioquinol

O

NS

Tolnaftate
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 1. Primary alcohols will react with HBr via an SN

Proton transfer
Nucleophilic attack ±

loss of a leaving group 

H2O
OH BrH Br

SN2
Br
–

±
O

H

H
+

by an SN
 is used as a catalyst.

OH ClHCl
ZnCl2

The catalyst is a Lewis acid that converts the hydroxyl group into a better leaving group.

Nuc attack
on a Lewis acid

Nuc attack ±
loss of LG 

OH ClZnCl2
SN2
Cl
–

ZnCl2
O

H
+

–

 2. 
attack.

XOH

Bad
leaving group

OTs

Good
leaving group

X
SN2

–
TsCl
py

py=

pyridine

N

excellent leaving group), which is susceptible to an SN

during formation of the tosylate, but it is inverted during the SN

OH

R

Br

S

1) TsCl, py
2) NaBr

 3.  or PBr  via an SN

OH

Cl

Br

SOCl2
py

PBr3
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MECHANISM 13.6 THE REACTION BETWEEN SOCl2 AND AN ALCOHOL

OH

Bad
leaving group

SOCl2
py

N

SCl
Cl

O

S

H

Cl

O

O+

Good
leaving group

S
Cl

O

O

Cl
–

O
S

H
Cl

Cl
O

+

–

SO2
Cl

Cl
–

±±

MECHANISM 13.7 THE REACTION BETWEEN PBr3 AND AN ALCOHOL

Bad
leaving group

Good
leaving group

OH
HOPBr2

P
Br

Br
Br SN2 BrO

P

H

Br

Br

+

Br
–

± ±

The reaction mechanism for PBr  has similar characteristics, including conversion of the 

Notice the similarity among all of the SN
the conversion of the hydroxyl group into a better leaving group followed by nucleophilic attack. 

group into a good leaving group, then the halide attacks in an SN
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13.10 Reactions of Alcohols: Oxidation

will explore the reverse process, called oxidation, which involves an increase in oxidation state. 

OH

H

O
Oxidation

Reduction

The outcome of an oxidation process depends on whether the starting alcohol is primary, 

Primary alcohol

R

OH

H
H R

O

H

Aldehyde

R

O

OH

Carboxylic acid

[O] [O]

Notice that a primary alcohol has two protons at the  position (the carbon atom bearing the 
-

duces an aldehyde, and then oxidation of the aldehyde produces a carboxylic acid.
Secondary alcohols only have one proton at the  position so they can only be oxidized 

once, forming a ketone.

R

O

RR

OH

R
H

Secondary alcohol Ketone

[O]
¡

Generally speaking, the ketone is not further oxidized. Tertiary alcohols do not have any pro-
tons at the  position, and as a result, they generally do not undergo oxidation:

R

OH

R
R

no reaction[O]

A large number of reagents are available for oxidizing primary and secondary alcohols. The 
most common oxidizing reagent is chromic acid (H ), which can be formed either from 

) or from sodium dichromate (Na O7) in aqueous acidic solution.

O
Cr

O

O

Chromium trioxide

Chromic acid

Cr OH

O

O

HO

Acetone
H3O±

H2SO4
H2ONa

+
Na
+

Sodium dichromate

Cr O Cr

O

O

O

O

O

O
––

carbon-oxygen  bond (rather than a carbon-carbon  bond).

LOOKING AHEAD

klein_c13_564-621hr.indd   597 11/8/10   2:11 PM

598   CHAPTER  13   Alcohols and Phenols

PRACTICALLYSPEAKING   
Breath Tests to Measure Blood Alcohol Level

Cr2O7
2–

Reddish orange

Cr3±

Green

OH

Ethanol

OH

O

Acetic acid

H±± ±

MECHANISM 13.8 OXIDATION OF AN ALCOHOL WITH CHROMIC ACID

R

R
OHH HO

O

Cr OH

O

O

Cr OH

O

OH

R

R

Chromate ester

STEP 1

STEP 2

Fast and
reversible

±

Chromate ester

O

Cr OH

O

H

R

R
O E2

H H
O R

R
O H3O±± ± HCrO3

± H2O

–
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R

OH

R OH

O

Alcohol Aldehyde
Difficult to isolate

Carboxylic
acid

R H

O
Na2Cr2O7

H2SO4 , H2O

-
ing reagent, one that will react with the alcohol but will not react with the aldehyde. Many such 

-
tion between pyridine, chromium trioxide, and hydrochloric acid.

CrO3 HClN

Pyridine

±±

PCC

Pyridinium

N H
+

Chlorochromate

CrO3Cl
–

these conditions, the aldehyde is not further oxidized to the carboxylic acid. 

R

OH

Primary
alcohol

R H

O

Aldehyde

PCC
CH2Cl2

Secondary alcohols are oxidized only once to form a ketone, which is stable under oxidizing con-

R

OH

R R R

O

Secondary
alcohol

Ketone

Na2Cr2O7
H2SO4 , H2O

PCC
CH2Cl2

functional groups are present in the compound.
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 1. Primary alcohols will react with HBr via an SN

Proton transfer
Nucleophilic attack ±

loss of a leaving group 

H2O
OH BrH Br

SN2
Br
–

±
O

H

H
+

by an SN
 is used as a catalyst.

OH ClHCl
ZnCl2

The catalyst is a Lewis acid that converts the hydroxyl group into a better leaving group.

Nuc attack
on a Lewis acid

Nuc attack ±
loss of LG 

OH ClZnCl2
SN2
Cl
–

ZnCl2
O

H
+

–

 2. 
attack.

XOH

Bad
leaving group

OTs

Good
leaving group

X
SN2

–
TsCl
py

py=

pyridine

N

excellent leaving group), which is susceptible to an SN

during formation of the tosylate, but it is inverted during the SN

OH

R

Br

S

1) TsCl, py
2) NaBr

 3.  or PBr  via an SN

OH

Cl

Br

SOCl2
py

PBr3
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MECHANISM 13.6 THE REACTION BETWEEN SOCl2 AND AN ALCOHOL

OH

Bad
leaving group

SOCl2
py

N

SCl
Cl

O

S

H

Cl

O

O+

Good
leaving group

S
Cl

O

O

Cl
–

O
S

H
Cl

Cl
O

+

–

SO2
Cl

Cl
–

±±

MECHANISM 13.7 THE REACTION BETWEEN PBr3 AND AN ALCOHOL

Bad
leaving group

Good
leaving group

OH
HOPBr2

P
Br

Br
Br SN2 BrO

P

H

Br

Br

+

Br
–

± ±

The reaction mechanism for PBr  has similar characteristics, including conversion of the 

Notice the similarity among all of the SN
the conversion of the hydroxyl group into a better leaving group followed by nucleophilic attack. 

group into a good leaving group, then the halide attacks in an SN
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LEARN the skill

OH Cl

SOLUTION
N

N

N N

N

N

N

N

N

OH Cl
HCl, ZnCl2

SOCl2 , py

1) TsCl, py
2) NaCl

13.19 

OH Br

(a)  

OH Br

(b)

OH Cl
(c)  

OH Br
(d)

OH Cl(e)  OH Br(f)

13.20 

OH Cl

Try Problems 13.35a–c, 13.44f, 13.52r

SKILLBUILDER 
13.6 PROPOSING REAGENTS FOR THE CONVERSION OF AN ALCOHOL INTO AN ALKYL HALIDE

STEP 1

STEP 2

N

STEP 3

need more PRACTICE?

APPLY the skill

PRACTICE the skill
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PRACTICALLYSPEAKING   
Breath Tests to Measure Blood Alcohol Level

Cr2O7
2–

Reddish orange

Cr3±

Green

OH

Ethanol

OH

O

Acetic acid

H±± ±

MECHANISM 13.8 OXIDATION OF AN ALCOHOL WITH CHROMIC ACID

R

R
OHH HO

O

Cr OH

O

O

Cr OH

O

OH

R

R

Chromate ester

STEP 1

STEP 2

Fast and
reversible

±

Chromate ester

O

Cr OH

O

H

R

R
O E2

H H
O R

R
O H3O±± ± HCrO3

± H2O

–
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R

OH

R OH

O

Alcohol Aldehyde
Difficult to isolate

Carboxylic
acid

R H

O
Na2Cr2O7

H2SO4 , H2O

-
ing reagent, one that will react with the alcohol but will not react with the aldehyde. Many such 

-
tion between pyridine, chromium trioxide, and hydrochloric acid.

CrO3 HClN

Pyridine

±±

PCC

Pyridinium

N H
+

Chlorochromate

CrO3Cl
–

these conditions, the aldehyde is not further oxidized to the carboxylic acid. 

R

OH

Primary
alcohol

R H

O

Aldehyde

PCC
CH2Cl2

Secondary alcohols are oxidized only once to form a ketone, which is stable under oxidizing con-

R

OH

R R R

O

Secondary
alcohol

Ketone

Na2Cr2O7
H2SO4 , H2O

PCC
CH2Cl2

functional groups are present in the compound.
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SKILLBUILDER 
13.7 PREDICTING THE PRODUCTS OF AN OXIDATION REACTION

OH CrO3
H3O±, acetone ?

SOLUTION

OH

O

H

Aldehyde

O

OH

Carboxylic acid

[O] [O] 

OH

O

OHCrO3

H3O±, acetone

13.22 

H

OHO
PCC

CH2Cl2 ?
(a)  

OH

Na2Cr2O7
H2SO4 , H2O ?(b)

OH
H

O

xs CrO3

acetone
H3O± ?

(c)  

OH

(d)
PCC

CH2Cl2 ?
OH PCC

CH2Cl2 ?(e)
 

OH
Na2Cr2O7

H2SO4 , H2O ?(f)

13.23 

Br

O

H(a)  

H

O

(b)

O

(c)  

O

(d)

Try Problems 13.35e–f, 13.37, 13.48
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MECHANISM 13.6 THE REACTION BETWEEN SOCl2 AND AN ALCOHOL

OH

Bad
leaving group

SOCl2
py

N

SCl
Cl

O

S

H

Cl

O

O+

Good
leaving group

S
Cl

O

O

Cl
–

O
S

H
Cl

Cl
O

+

–

SO2
Cl

Cl
–

±±

MECHANISM 13.7 THE REACTION BETWEEN PBr3 AND AN ALCOHOL

Bad
leaving group

Good
leaving group

OH
HOPBr2

P
Br

Br
Br SN2 BrO

P

H

Br

Br

+

Br
–

± ±

The reaction mechanism for PBr  has similar characteristics, including conversion of the 

Notice the similarity among all of the SN
the conversion of the hydroxyl group into a better leaving group followed by nucleophilic attack. 

group into a good leaving group, then the halide attacks in an SN
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OH Cl

SOLUTION
N

N

N N

N

N

N

N

N

OH Cl
HCl, ZnCl2

SOCl2 , py

1) TsCl, py
2) NaCl

13.19 

OH Br

(a)  

OH Br

(b)

OH Cl
(c)  

OH Br
(d)

OH Cl(e)  OH Br(f)

13.20 

OH Cl

Try Problems 13.35a–c, 13.44f, 13.52r
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PRACTICALLYSPEAKING   
Drug Metabolism

N

1. D

 

2. N

O
HO

HO
OH

O

O

OH

P

O

O

O P

O

O

O

Good LG (called UDP)

UDPGA

N
NO

HO
OH

O

HO

O
HO

HO
OH

OH

OH

D-Glucose

Bad LG

- -

O

N H
H

HO OH

Morphine
An opiate analgesic

used to treat severe pain

HO

N O

H

Acetaminophen
An analgesic (pain-relieving)

and antipyretic (fever-reducing) agent,
sold under the trade name TylenolTM

O2N

OH

N

O

Cl

Cl

OH

H

Chloramphenicol
An antibiotic used in eye drops
to treat bacterial conjuctivitis

O

N H
H

HO OH

Morphine
An opiate analgesic

used to treat severe pain

HO

N O

H

Acetaminophen
An analgesic (pain-relieving)

and antipyretic (fever-reducing) agent,
sold under the trade name TylenolTM

O2N

OH

N

O

Cl

Cl

OH

H

Chloramphenicol
An antibiotic used in eye drops
to treat bacterial conjuctivitis

OHO
HO

OH
O

O
OH

UDP

–H±

ROH
UDP-glucuronyl-transferase

OHO
HO

OH
O

O
OH

R

b-Glucuronide

 N

N
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Pyridine

±±
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Pyridinium
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CrO3Cl
–

these conditions, the aldehyde is not further oxidized to the carboxylic acid. 
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PCC
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Secondary alcohols are oxidized only once to form a ketone, which is stable under oxidizing con-
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functional groups are present in the compound.
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