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Alkene Addition Reactions
CH3

H

H

H

H

OH

H2SO4

H2O

Nucleophile reacts at 
carbon that forms most 

stable carbocation

No rearrangement!

3434

Give a synthesis of the following alcohol: 
• Use electrophilic addition to an alkene as the last step. 
• Start with any compound with four carbons or less. 
• Use any inorganic reagents you need. 
• You will need more than one reaction.

Which of these routes is best?
A

HH
NaNH2BrH2

Pd

1. Hg(OAc)2

2. BH4
-

3535

B

C

D

CH3H
NaNH2BrNa

NH3

HH
NaNH2BrH2

Lindlar

CH3H
NaNH2Br

1. Hg(OAc)2

2. BH4
-

H2O

H2SO4

H2O

H2SO4

H2

Lindlar

Regiochemistry?

Alkene Addition Reactions
CH3

H

H

H

H

OH

H2SO4

H2O
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Oxymercuration and acid-catalyzed hydration have the same regiochemistry.

Synthesis of Alcohols from Alkenes

3737

But what if you want the primary alcohol?

How do you switch
the regioselectivity?

An acid will add to the less-substituted carbon…

…to make the more stable 2° carbocation

3838

Boron can form stable bonds with carbon
Tricoordinate Boron compounds are Lewis Acids.

Can Boron-containing compounds add to alkenes?

S

BH3, borane, has an empty
p orbital and is a good Lewis acid.

3939

π
HOMO

S

LUMO

C2H4

The ethylene π orbital acts as a
Lewis base and attacks the empty 

B p orbital
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H3C

H B
HH

hydride shifthydride shift
AA

Alkene Hydroboration

4040

H3C

HB

or H
H

Steric interactions are also 
thought to be very important in 

directing the regioselectivity.

Which Which boraneborane is is 
more stable?more stable?

BB

H
B

Hydroboration-Oxidation

4141

B

tripropylborane
an example of a triakylborane

Gives the 
primary

alcohol

Hydroboration-Oxidation

4242

B

tripropylborane
an example of a triakylborane

+ Na3BO3

unknown unknown alkenealkene

Draw the best alkene starting reagent you could use 
for the synthesis of this alcohol.

4343

y

A.                B.       A.                B.       C.       C.       D.D.

Alkene Additions
CH3

H

H

H

H

OH

H2SO4

H2O

4444BrBr22

AlkeneAlkene AdditionsAdditions

Br

Br
+ enantiomer

4545BrBr22

enantiomer

Br2
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ππ (p)(p)

σσ (p)(p)

ππ* (p)* (p)

σσ* (p)* (p)

LUMOLUMO

4646

σσ (s)(s)

σσ* (s)* (s)

Diatomic MOsDiatomic MOs
for Brfor Br22

H O M OHOMO

AA

BrBr22

LUMOLUMO

SSBrBr


BrBr22



Which HOMOWhich HOMO--LUMO LUMO 
interaction is allowed?interaction is allowed?End on addition End on addition 

Side on addition Side on addition 

4747

ππ
HOMOHOMO

SS

CC22HH44

SSBrBr22

ππ
SS

CC22HH44

BrBr22

AA BB

ππ**
LUMOLUMO

LUMOLUMO

AA SS

Side on BrSide on Br22 addition is symmetry forbidden. addition is symmetry forbidden. 
End on addition is allowed.End on addition is allowed.

4848

ππ
HOMOHOMO

SS

CC22HH44

HOMOHOMO

AA

BrBr22

If endIf end--on addition is the allowed pathway, which is the on addition is the allowed pathway, which is the 
correct mechanism?correct mechanism?

A.A.

4949

H

H

B.B.

• Bromonium ions were postulated almost 70 years ago to explain the 
stereochemical course of the addition (to give the trans-dibromide from a 
cyclic alkene.

• Olah showed that  bromonium ions are stable in liquid SO2 with SbF5 and 
can be studied directly

Bromonium Ions

5050

George A. Olah
(b. 1927, Budapest)

University of Southern California 
Nobel Prize “for his contribution to 

carbocation chemistry.” (1994)
picture from http://nobelprize.org

Roberts & Kimball, JACS 1937, 
59, 947.





5151
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



5252 5353

Stereochemistry of halogen addition to alkenes

5454
Cl2, Br2, undergo anti- addition

?
S R

SR

What are the stereochemical descriptors for the 
product of Br2 addition to (E)-2-butene?

5555

A. S, R
B. R, S
C. R, R
D. S, S

?

Is the product of Br2to (E)-2-butene chiral? 

meso

SS RR

SSRR

Stereochemistry of halogen addition to alkenes

5656

?? RR RR

SS

SS

meso

racemic

trans

Stereochemistry of halogen addition to alkenes

5757

trans

cis

stereospecific
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stereochemistry?

Draw the product(s) that result from 
bromination of cyclohexene.

5858

y

A. i B.  ii C.  iii    D.  i, ii
E.  i, iii F. ii, iii G. i, ii, iii

i. ii. iii.

Alkene Additions
CH3

H

H

H

H

OH

H2SO4

H2O

5959

Which product is formed when water is added to the Which product is formed when water is added to the 
reaction?       reaction?       

A.A.

BB

6060

B.B.

C.C.

Br
Br Br

Br

H

H

Stereochemistry of halohydrin formation

6161

“Br-OH”, “Cl-OH”
undergo anti- addition

Br

O H

H

OH

HAA
BB

Regiochemistry of halohydrin formation

6262

H

Which bond is weaker?Which bond is weaker?

“Br-OH”, “Cl-OH”
undergo anti- addition

Regiochemistry of halohydrin formation

6363

weaker bondweaker bond
“Br-OH”, “Cl-OH”

undergo anti- addition


