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Learning Outcomes

In the end of this chapter, student will have the 

ability to:

- Define oxidation and reduction

- Describe oxidation and reduction reaction of 

alkenes, alkynes, alkyl halides and epoxides
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• Oxidizing and reducing agents

• Oxidation and reduction reaction of 

alkenes, alkynes, alkyl halides and 

epoxides
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Oxidation is the loss of an electron
Reduction is the gain of an electron

Oxidation occurs when a reactant loses electrons 
during the reaction. 

Reduction occurs when a reactant gains electrons 
during the reaction.

OIL RIG:
Oxidation Is Loss of electrons or Oxidation Involves Loss of electrons 
Reduction Is Gain of electrons or Reduction Involves Gain of electrons

Oxidation and reduction in terms of 
electron transfer
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Oxidation and Reduction

• Oxidation results in an increase in the number of C—Z bonds (usually
C—O bonds) or a decrease in the number of C—H bonds.

• Reduction results in a decrease in the number of C—Z bonds (usually
C—O bonds) or an increase in the number of C—H bonds.

Introduction

A general scheme for the
oxidation and reduction of

a carbon compound
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• Sometimes two carbon atoms are involved in a single oxidation or
reduction reaction, and the net change in the number of C—H or C—
Z bonds at both atoms must be taken into account.

The conversion of an alkyne to an alkene, or an alkene to an
alkane are examples of reduction because each process adds two
new C—H bonds to the starting material.

Oxidation and reduction of
hydrocarbons
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• There are three types of reductions differing in how H2 is added.

• The simplest reducing agent is H2. Reductions using H2 are carried
out with a metal catalyst.

• A second way is to add two protons and two electrons to a
substrate—that is, H2 = 2H+ + 2e-.

Reductions of this sort use alkali metals as a source of
electrons, and liquid ammonia as a source of protons.

These are called dissolving metal reductions.

Reducing Agents
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The reactant that contains the element that is oxidized is the reducing agent.

Remove oxygen from another substance or give hydrogen to it.

The oxidized substance is always the reducing agent



• The third way to add H2 is to add hydride (H¯) and a
proton (H+).

The most common hydride reducing agents contain a
hydrogen atom bonded to boron (B) or aluminum (Al).
Simple examples include sodium borohydride (NaBH4)
and lithium aluminum hydride (LiAlH4).

• NaBH4 and LiAlH4 deliver H¯ to the substrate, and then a
proton is added from H2O or an alcohol.
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• The addition of H2 occurs only in the presence of a metal catalyst, and thus
it is called catalytic hydrogenation.

• The catalyst consists of a metal—usually Pd, Pt, or Ni, adsorbed onto a
finely divided inert solid, such as charcoal.

• H2 adds in a syn fashion.

Reduction of Alkenes—Catalytic Hydrogenation
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• Two different alkenes that are hydrogenated to form the

• same alkane.
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• The mechanism explains two facts about hydrogenation:
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• There are two main categories of oxidizing agents:

1. Reagents that contain an oxygen-oxygen bond

2. Reagents that contain metal-oxygen bonds

• Oxidizing agents containing an O—O bond include O2, O3 (ozone),
H2O2 (hydrogen peroxide), (CH3)3COOOH (tert-butyl
hydroperoxide), and peroxyacids.

• Peroxyacids (or peracids) have the general formula RCO3H.

Oxidizing Agents

Common peroxyacids
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The reactant that contains the element that is reduced is the oxidizing agent.

Give oxygen to another substance or remove hydrogen from it.

The reduced substance is always the oxidizing agent



• The most common oxidizing agents with metal-oxygen
bonds contain either chromium +6 (six Cr—O bonds) or
manganese +7 (seven Mn—O bonds).

• Common Cr6+ reagents include CrO3 and sodium or
potassium dichromate (Na2Cr2O7 and K2Cr2O7). Pyridinium
chlorochromate (PCC) is a more selective Cr6+ oxidant.

• The most common Mn7+ reagent is KMnO4 (potassium permanganate).

• Other oxidizing agents that contain metals include OsO4 (osmium
tetroxide) and Ag2O [silver(I) oxide].
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• Dihydroxylation is the addition of two hydroxy groups to a double bond, forming a 1,2-
diol or glycol.

• Depending on the reagent, the two new OH groups can be added to the opposite sides
(anti addition) or the same side (syn addition) of the double bond.

Dihydroxylation of alkenes
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•Anti dihydroxylation is achieved in two steps—epoxidation,

followed by ring opening with ¯OH or H3O+.
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• Syn hydroxylation results when an alkene is treated with either

KMnO4 or OsO4. With OsO4 sodium bisulfite is added in the hydrolysis step.
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• Each reagent adds two oxygen atoms in a syn fashion.

• Hydrolysis of the cyclic intermediate cleaves the metal oxygen bonds,
forming a cis-1,2-diol.
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