
Chapter 7 Oxidation and reduction

OXIDATION

Definition:

The addition of oxygen

The removal of hydrogen

The removal of electrons

Exampl
e:
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I.   Oxidation of alcohols to aldehydes or ketones

A) Transition Metal oxidants

B) DMSO-based Oxidation

C) Other Useful oxidants

II.   Oxidation of alkenes

A) Epoxidation

B) Dihydroxylation

C) Oxidative Cleavage
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Oxidation levels in organic chemistry:
Level 0: Each carbon has zero bonds to 
elements more

electronegative than itself.

Level 1: Containing carbon atoms that have one 
bond to an electronegative atom.
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Level 2: Containing carbon atoms that have two bonds 
to electronegative atoms.

Level 3: Containing carbon atoms that have three 
bonds to electronegative atoms.
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Level 4: Containing carbon atoms that have four bonds 
to
electronegative atoms.
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I. Oxidation of alcohols to aldehydes and ketones

A) Transition-metal oxidants

1. Chromium-based oxidation reagents

a) Jones Reagent (Chromic acid, an orange solution)

Preparation:

Acetone solvent serves to protect substrate from over oxidation.
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Mechanism:

Examples:
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Note: Over oxidation of alcohols to acids (water is present)
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b) Collins Reagent (CrO3-Pyr2)

Preparation: Add CrO3 to pyridine, not the reverse (inflames)

1. Chromium-based oxidation reagents
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Examples:
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1. Chromium-based oxidation reagents

c) PCC
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Example:

To avoid side reactions, PCC reaction can be 
buffered with sodium acetate
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Fast oxidation of allylic alcohols

Example:
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Mechanism:

Example:
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Useful for preparation of α,β-unsaturated aldehydes
and ketones from ketones

Examples:
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1. Chromium-based oxidation reagents

d) PDC
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A) Transition-metal oxidants

2. 
Manganese
a) Manganese Dioxide (MnO2)

Mechanism:
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b) KMnO4
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A) Transition-metal oxidants

3. Ruthenium (Ru)

PDF 文件使用 "pdfFactory Pro" 试用版本创建 www.fineprint.cn

http://www.fineprint.cn
http://www.fineprint.cn


4. Silver (Ag)
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I. Oxidation of alcohols to aldehydes and 
ketones

B) Oxidation Based on Dimethyl Sulfoxide (DMSO)

1. Ptitzner-Moffatt Oxidation (DMSO-Carbodiimide)

Mechanism:
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2. Swern Oxidation (DMSO-Oxalyl Chloride)

Mechanism:
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C) Dess.Martin Periodinane: a hypervalent iodine(V) oxidant

Mechanism:
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D) Oxoammonium salts:

Mechanism:
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II. Oxidation of Alkenes

A) Epoxidation

1. Peracids (RCO3H): prepared from RCO2H and H2O2
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Reactivity:

The lower the pKa, the greater the reactivity (i.e., the better the leaving group)
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Stereochemistry of olefins is maintained (stereospecific!).
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Sensitive to steric: Epoxidation preferentially occurs at 
the less hindered side.
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Directed by allylic OH and NHCOR groups

Common side reactions:

Baeyer-Villiger reactions of ketones and aldehydes
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Oxidation of amines

Imine oxidation

Sulfur oxidation
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2. Hydroperoxides under basic conditions (H2O2 / NaOH)

Good for electron-poor alkenes

Mechanism:

Examples:
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3. Hydroperoxides with transition metal catalysts

a) Vanadium: VO(acac)2 / t-BuOOH
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Examples:
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c) Manganese: (Salen)Mn(III) / NaOCl (Jacobsen epoxidation)

Stereoselective epoxidation of unfunctionalized olefins

Jacobsen catalysts:
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4. Dioxiranes

Dioxiranes: a new class of organic oxidants for 
epoxidation,   C-H bond oxidation, and heteroatom 
oxidation reactions
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Catalytic Cycle

Environmentally Friendly Process

Economical
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B) Dihydroxylation

II. Oxidation of Alkenes

1. KMnO4:

Examples:
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2. OsO4 :
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Sharpless Catalytic Asymmetric Dihydroxylation (AD)

DHQD= DHQ=
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Example:

3. Prevost reaction and Woodward hydroxylation
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C) Oxidative cleavage of alkenes

II. Oxidation of Alkenes

1. Ozone (O3)
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2. Transition metal oxidants

a) KMnO4 / NaIO4

b) Lemieux-Johnson modification (OsO4 / NaIO4)
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c) H2CrO4

d) RuO4 (RuCl3 or RuO2 / NaIO4)
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Reduction Reactions

I. Heterogeneous Catalytic Hydrogenation

II. Homogeneous Catalytic Hydrogenation

III. Group III Hydride Donor Reagents (LiAlH4, 
NaBH4)

IV. Neutral Group IV Reducing Reagents 
(B2H6, AlH3)

V. Chiral Reducing Agents

VI. Chemoselective 1,2- and 1,4-reductions
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I. Heterogeneous Catalytic Hydrogenation
A. Approximate order of substrate reactivity in heterogeneous catalytic hydrogenation
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B. Catalysts:
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Mechanism: Why is it not perfect syn addition??

Stepwise addition from catalyst surface, and catalytic hydrogenation is reversible.
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Applications of hydrogenolysis:

a) Benzyl groups can be used as a temporary protecting groups for alcohols and amines.
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II. Homogenous Catalytic Hydrogenation
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Mechanism:

Examples:
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III. Group III Metal Hydride Donor Reagents

(Boron and Aluminum)

1) LiAlH4 (lithium aluminum hydride, LAH)
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Reactions of LAH:

Reduction of carbonyl groups and other polarized multiple 
bonds.
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Mechanism of LAH reduction:

e.g.
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Sodium borohydride reduction:
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IV. Other group III metal reducing reagents:

1) Diborane (B2H6) or Borane (BH3·THF or BH3·Me2S)

2) Complex boranes
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3) Diisobutylaluminium hydride (DIBAL or DIBAL-H or DIBAH)
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V. Chiral Reducing agents for asymmetric reduction

Examples:

a) (R)- or (S)-BINAL-H
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Borane reduction in the presence of chiral catalyst(CBS):

Chiral amino alcohol ligands for the preparation of chiral LAH in situ.
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VI. Selectivity: 1,2 vs. 1,4 (conjugate) reduction.

PDF 文件使用 "pdfFactory Pro" 试用版本创建 www.fineprint.cn

http://www.fineprint.cn
http://www.fineprint.cn

