
Lecture 6

Addition Reactions of Alkenes, Alkynes

A.И.Соч
2021/12/22



Contents

• !"#$%&'
• !"#

• !"#$%&'()
• *+",$-%'()

• $%
• ./"012-3$%&'()
• +"45"-65$%&'(789:)
• ;#"-+"$-%'()

• &!#
• <=/"#"$>?)
• @A/"#"

• &"#
• '"#
• &'#

• B+"$-?'()
• OsO4CKMnO4$>?'()

• ()#

• ("
• *+,-.
• *+,/01#23445*,62
• *+,78
• *+,9:

• DE0FG
• #!"H1"HI!"HJ+"
• KDLM"

• )%*+,-
• ;<%=
• ><%=

• NOLG0PQ

• NOπR0PQ

• ?+@A+@*+,B#

2



Addition Reactions of Alkenes
Hydrohalogenation, Hydration, Hydrogenation, Halogenation,

Halohydrin Formation, Dihydroxylation, Oxidative Cleavage
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Addition Reactions
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Hydrohalogenation 
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this is symmetric…

for this asymmetric alkene…



Hydrohalogenation 

•-./0(Markovnikov’s rule)1*2$*
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Hydrohalogenation 

•&-/0(anti-Markovnikov’s rule)1*3$*

8



Hydrohalogenation 
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Hydrohalogenation

• Practice: draw the expected major product for each of the following 
reactions:
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Hydrohalogenation

• The Mechanism of Hydrohalogenation
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Hydrohalogenation
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Hydrohalogenation
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Hydrohalogenation

14



Hydrohalogenation

• Practice: draw a mechanism for the following transformation:
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Hydrohalogenation
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Hydrohalogenation
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Hydrohalogenation

• Practice: draw a mechanism for the following transformation:
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Hydrohalogenation
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Hydrohalogenation

• Cationic polymerization and polystyrene
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Acid-Catalyzed Hydration
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Acid-Catalyzed Hydration

• The Mechanism of Acid-Catalyzed Hydrohalogenation
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Acid-Catalyzed Hydration
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Acid-Catalyzed Hydration
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Acid-Catalyzed Hydration

• Practice: draw a mechanism for the following transformation:
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Acid-Catalyzed Hydration
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Acid-Catalyzed Hydration
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Oxymercuration-Demercuration
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Oxymercuration-Demercuration
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Oxymercuration-Demercuration
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Oxymercuration-Demercuration
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Oxymercuration-Demercuration
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Oxymercuration-Demercuration

• Practice: predict the product for the reaction, and predict the products if an acid-
catalyzed hydration had been performed rather than an oxymercuration-
demercuration:
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Oxymercuration-Demercuration
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Oxymercuration-Demercuration
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Hydroboration-Oxidation

•h*,-],

36

/01234567894:+,-.

;<4-=4>?+-.



Hydroboration-Oxidation
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Hydroboration-Oxidation
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tetrahydrofuran
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Hydroboration-Oxidation
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a very complicated mechanism…
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Hydroboration-Oxidation
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Hydroboration-Oxidation
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Hydroboration-Oxidation

• Practice: compound A has the molecular formula C5H10. Hydroboration-oxidation 
of compound A produces 2-methylbutan-1-ol. Draw the structure of compound A:
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Catalytic Hydrogenation
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Catalytic Hydrogenation
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Catalytic Hydrogenation
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Catalytic Hydrogenation
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Catalytic Hydrogenation
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Catalytic Hydrogenation
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Catalytic Hydrogenation

• Practice: predict the products of each of the following reactions:
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Catalytic Hydrogenation
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Catalytic Hydrogenation

•��O,(homogenous catalysis)
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Catalytic Hydrogenation
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Catalytic Hydrogenation
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Catalytic Hydrogenation

•��#O,*,

54
g\hi?Gjk



Halogenation 
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Halogenation 
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Halogenation 
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Halogenation 

• The Mechanism of Halogenation
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Halogenation 
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Halogenation 

• Practice: propose a mechanism, and predict the major product(s) for 
the following reaction:
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Halohydrin Formation

•^+,

61



Halohydrin Formation

• The Mechanism of Halohydrin Formation
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Halohydrin Formation
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Halohydrin Formation

• Practice: predict the major product(s) for the following reaction:
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Halohydrin Formation
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Dihydroxylation
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Dihydroxylation
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Dihydroxylation

• The Mechanism of anti-Dihydroxylation
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Dihydroxylation
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Dihydroxylation

• Practice: predict the major product(s) for the following reaction: 
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Dihydroxylation
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Dihydroxylation

•jk�],d(co-oxidant)jOsO4��
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Dihydroxylation

• KMnO4�{�����^,
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Dihydroxylation

• Practice: predict the product(s) for the reaction. Make sure to consider the 
number of chiral centers being formed.
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Oxidative Cleavage

•�],(ozonolysis)
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Oxidative Cleavage
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Oxidative Cleavage

• Example
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Oxidative Cleavage

•�����],��#W 

78

��R��?Wc':jk



Oxidative Cleavage
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Oxidative Cleavage

• Practice: predict the products that are expected when the following alkene is 
treated with ozone followed by DMS:
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Reactions of Alkene
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Alkynes
Nomenclature of Alkynes, Basic Physical & Chemical Properties, Preparations,

Reactions of Alkynes



Alkynes in Industry and Nature
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Nomenclature of Alkynes
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Nomenclature of Alkynes
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Structural Properties
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Structural Properties
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Acidity of Terminal Alkynes
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Acidity of Terminal Alkynes
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Acidity of Terminal Alkynes
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Acidity of Terminal Alkynes
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Preparation of Alkynes

•jk³´+="¥µ´+="V¶¡"(E2 mechanism)
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Reduction of Alkynes
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Reduction of Alkynes
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Reduction of Alkynes
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Reduction of Alkynes
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Reduction of Alkynes
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Reduction of Alkynes

• Practice: identify reagents that you could use to achieve each of the following 
transformations:
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Reactions of Alkynes
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Reactions of Alkynes
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Reactions of Alkynes
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Keto-enol Tautomerization

• Mechanism: Acid-Catalyzed Tautomerization
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Keto-enol Tautomerization

• Practice: under normal conditions, 1-cyclohexenol cannot be isolated or stored in 
a bottle, because it undergoes rapid tautomerization to yield cyclohexanone. 
Draw a mechanism for this tautomerization:
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Keto-enol Tautomerization
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Reactions of Alkynes
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Keto-enol Tautomerization

• Mechanism: Base-Catalyzed Tautomerization
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Reactions of Alkynes
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Reactions of Alkynes
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Reactions of Alkynes
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Reactions of Alkynes
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Reactions of Alkynes

•Æ¡#�iÅ,
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Reactions of Alkynes

• Practice: identify reagents that can be used to convert acetylene into 
7-methyl-3-octyne.
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Reactions of Alkynes
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Reactions of Alkynes
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Synthesis Route Design
One-Step Transformation, Multiple-Step Transformation, Transformation of Hydrocarbons



One-Step Synthesis
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One-Step Synthesis

• Practice: identify the reagents that you would use to accomplish the 
following transformation:
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One-Step Synthesis
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Multiple-Step Synthesis

•ÃÇLG#ÈÉ

119



Multiple-Step Synthesis
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Multiple-Step Synthesis
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Multiple-Step Synthesis
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Multiple-Step Synthesis

• Practice: identify the reagents you would use to accomplish the 
following transformation:

123



Transformation of Hydrocarbons
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Transformation of Hydrocarbons
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Transformation of Hydrocarbons
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Transformation of Hydrocarbons

•Ë¥"XeË¥"Ì,
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free radical reactions



Multiple-Step Synthesis

• Practice: propose an efficient synthesis for the following transformation: 
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Multiple-Step Synthesis
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