
Alkenes & Addition Reactions 

Chapter 10 

•  Alkanes have the general structural formula CnH2n+2. Alkanes are 
considered saturated because they have the maximum number of 
hydrogen atoms per carbon. 

•  Alkenes are unsaturated hydrocarbons because they have fewer than the 
maximum number of hydrogen atoms per carbon. 
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Alkene: In order to make the π 
bond between the carbon atoms, 
two hydrogen atoms had to be 
removed. This is one degree of 
unsatutation.

•  Cycloalkanes also have fewer H’s than an open-chain alkane.  

•  Each π bond or ring removes two hydrogen atoms from a molecule, and 
this introduces one degree of unsaturation. 

•  Degrees of unsaturation are sometimes called double bond equivalents 
or an index of hydrogen deficiency. 

•  Possible structures for C4H6 – a compound with 2º of unsaturation: 
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Cycloalkane: In order to make 
the ring by connecting the carbon 
atoms, two hydrogen atoms had 
to be removed. This is one 
degree of unsatutation.
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•  The number of degrees of unsaturation for a given molecular formula can 
be calculated by comparing the actual number of H atoms in a compound 
to the maximum number of H atoms possible for the number of carbons 
present if the molecule were an acyclic alkane. 

•  Degrees of Unsaturation =  
(# of H’s required for saturation - # of H’s or equiv. atoms present) / 2  

•  This procedure gives the total number of rings and/or π bonds in a 
molecule. 

•  Consider C7H10 

•  A saturated alkane with seven C’s would have 2(7)+2 = 16 H’s 

•  Degrees of unsaturation = (16-10) / 2 = 6/2 = 3º unsaturation 

Calculating Degrees of Unsaturation 
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•  Ignore O atoms in the molecule – O is a divalent linker  
with no effect on the degree of unsaturation. 

•  Treat halogens as equivalent  
to H’s in the structure. 

•  For each N present, add 1 H to  
the total needed for saturation. 

•  Consider: C6H8OCl3N 

•  A saturated alkane with six C’s and one N would have: 
2n+2 H’s for the C’s and 1 more H for the N = [2(6)+2] + 1 = 15 H’s 

•  The molecule has 8 H’s + 3 Cl’s which can be counted as H’s = 11 H’s 

•  Degrees of unsaturation = (15-11) / 2 = 4/2 = 4º unsaturation 

Degrees of Unsaturation for Molecules Containing Heteroatoms 
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•  Compounds that contain both a double bond and a hydroxy group are 
named as alkenols and the chain (or ring) is numbered to give the OH 
group the lower number. 

Naming Alkenes and Alkenols Naming Polyenes and Cyclic Alkenes 

•  Compounds with two double bonds are named as dienes by changing the -ane 
ending of the parent alkane to the suffix -adiene. Compounds with three double 
bonds are named as trienes, and so forth. 

 

•  In naming cycloalkenes, the double bond is located between C1 and C2, and the 
�1� is usually omitted in the name.  

•  The ring is numbered clockwise or counterclockwise to give the first substituent 
the lower number. 

(3E,5E)-3-methyl-1,3,5-heptatriene
or

(3E,5E)-3-methylhepta-1,3,5-triene
1,3-butadiene
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•  Some alkene or alkenyl substituents have common names. 
•  The simplest alkene, CH2=CH2, named in the IUPAC system as ethene, 

is often called ethylene. 

Common Names of Alkenes and Alkene Substituents 

Introduction: Additions to Alkenes 

 
Mechanism of Electrophilic Addition 

The π electrons of the double bond are loosely held 
and are a source of electron density, i.e. they are 
nucleophilic. 
Alkenes react with electrophiles such as H+ from a 
hydrogen halide to form a carbocation 

•  The carbocation produced is an electrophile. 
•  It can react with a nucleophile such as a halide. 

 
 
 
 
 

•  In addition reactions the alkene changes from a nucleophile in 
the first step to an electrophile in the second. 

Mechanism of Electrophilic Addition (continued) 



Addition Reactions of Cyclohexene Mechanism of Electrophilic Addition 

•  Addition reactions are exothermic because the two σ bonds formed in the 
product are stronger than the σ and π bonds broken in the reactants.  

•  For example, ΔH° for the addition of HBr to ethylene is –14 kcal/mol. 

Heat of Formation for Electrophilic Addition Energy Diagram for Electrophilic Addition 

•  Generally the reaction is exothermic because one π and one σ bond are 
converted to two σ bonds. 



•  With an unsymmetrical 
alkene, HX can add to the 
double bond to give two 
constitutional isomers, but 
only one is actually formed: 

•  Markovnikov’s rule states that In the addition of HX to an unsymmetrical 
alkene, the H atom is added to the less substituted carbon to form the 
more stable, more substituted carbocation. 

Markovnikov’s Rule 

•  The structure of a transition state resembles that of the species nearest 
to it in free energy. 

Hammond Postulate and Electrophilic Addition 

Mechanism of Electrophilic Addition (Summary) 
•  Recall that trigonal planar atoms react with reagents from two 

directions with equal probability. 

Stereochemistry of Electrophilic Addition 



Reaction of 1,2-dimethylcyclohexene with HCl 

•  Addition of HX to 1,2-dimethylcyclohexene 
forms two new stereogenic centers.  
Four stereoisomers are formed: 

A&B, A&C, B&D, and C&D 
are diastereomers to one 
another. 

•  Hydration is the addition of water to an alkene to form an alcohol. 

Hydration—Electrophilic Addition of Water 

•  Alcohols add to alkenes, forming ethers by the same mechanism.  

Electrophilic Addition of Alcohols 

Halogenation—Electrophilic Addition of Halogen 

•  The above reactions are run in carbon tetrachloride or other solvents non-aqueous / 
non-alcohol solvents. 

•  Two facts demonstrate that halogenation follows a different mechanism from that of 
hydrohalogenation or hydration. 

•  No rearrangements occur. 
•  Only anti addition of X2 is observed. 
•  These facts suggest that carbocations are not intermediates. 

CCl4 

CCl4 



Halogenation Mechanism & Stereochemistry 

CCl4 

Halohydrin Formation 

•  Because the bridged halonium ion is opened by backside attack of H2O, addition 
of X and OH occurs in an anti fashion and trans products are formed. 

Anti Stereochemistry in Halohydrin Formation 

Regiochemistry of Halohydrin Formation 

•  Hydroboration–oxidation is a two-step reaction sequence that converts an 
alkene into an alcohol. 

Hydroboration–Oxidation 

Borane and Hydroboration 



•  The proposed mechanism involves concerted addition of H and BH2 from the same side of 
the planar double bond, in an anti-Markovnikov fashion, due to: 

•  Alkyl groups stabilize a positive charge, the more stable transition state has the partial 
positive charge on the more substituted carbon. 

•  Sterics of the B complexed to THF or existing as an alkylborane. 

Hydroboration Mechanism & Regioselectivity 

•  Since alkylboranes react rapidly with water and spontaneously burn when 
exposed to air, they are oxidized, without isolation, with basic hydrogen peroxide 
(H2O2, -OH). 

•  Oxidation replaces the C-B bond with a C-O bond, forming a new OH group with 
retention of configuration. 

Oxidation Following Hydroboration 

Hydroboration: Additional Notes  
•  Because the alkylborane formed by the reaction with one equivalent of alkene still has two 

B-H bonds, it can react with two more equivalents of alkene to form a trialkylborane. 

•  We often draw hydroboration as if addition stopped after one equivalent of alkene reacts 
with BH3.   

•  Instead all three B-H bonds actually react with three equivalents of an alkene to form a 
trialkylborane. 

Oxidation and Hydrolysis of Alkylboranes: Additional Notes 



•  Suppose we wish to synthesize 1,2-dibromocyclohexane from cyclohexanol. To 
solve this problem we must: 

Use of Alkenes in Synthesis 
Working backwards from the product to determine the starting material from which it is made is 
called retrosynthetic analysis. 

Retrosynthetic Analysis 

Synthetic Scheme: Alkene à Alkyne 

•  Alkenes can be converted to alkynes by 
bromination and two consecutive 
dehydrohalogenation reactions. 

 
 
 

Ketones & Geminal Dihalides – Dehydrohalogenation  

•  Geminal dihalides can also undergo consecutive 
dehydrohalogenation reactions to yield the alkyne. 

•  This is particularly useful in synthetic schemes where 
where a ketone is present at a location where a triple bond 
is desired. 

•  Consider the following reaction scheme. 


