


EQ: What are addition reactions?

READ pg. 343-344 

then take notes



Did you ever Wonder….
What Styrofoam is and how it is made… 

Let’s read p. 343



Introduction to Addition Reactions
 Addition is the opposite of elimination

 C=C p bond is converted to two new sigma 
bonds



Introduction to Addition Reactions
 The p bond is an electron-pair donor



EQ: How important are alkenes to 
modern society?

READ pg. 345-346 

then take notes



Naturally occurring, acyclic alkenes:
(compounds with no ring)



Cyclic and polycyclic alkenes:



C=C double bonds often found in the 
structures of pheromones

Lets Read p. 345 – Pheromones to Control Insect Populations



Alkenes are critical precursors in the chemical industry

 70 billion pounds of propylene (propene) and 200 
billion pounds of ethylene (ethene) are both made 
from cracking petroleum each year



EQ: What is the thermodynamic 
difference between these 2 rxns?

READ pg. 346-347 

then take notes



Addition vs. Elimination

 In many cases, an addition reaction is simply the 
reverse of an elimination reaction:

 These two reactions represent an equilibrium that is 
temperature dependent. 

 Addition is favored at low temperature, while 
elimination is favored at high temperature.



Addition vs. Elimination
 Addition reactions are favored by enthalpy.  
 Sigma bonds are stronger (more stable) than p

bonds

 DH = Bonds broken – bonds formed 

 DH = 166 kcal/mol – 185 kcal/mol

 DH = –19 kcal/mol



Addition vs. Elimination

 Addition reactions are NOT favored by entropy (ΔS).  

 Entropy – measure of disorder (remember in AP)

 Two molecules combine to form one product; entropy 
decreases

TWO reactants ONE product



Addition vs. Elimination

 At lower temps, enthalpy dominates, and 
addition reactions are favored

 At higher temps, entropy dominates, and 
elimination reactions are favored



EQ: How do H and halides added to 
hydrohalogenation addition reactions?

READ pg. 348-355 

then take notes



Hydrohalogenation

 Hydrohalogenation: addition of H-X to an 
alkene

 can use HCl, HBr, or HI

 If the alkene is not symmetrical, then two 
regioisomers are possible, depending on which 
carbon gets the “H” and the “X”



Markonikov addition

 In 1869, Vladimir Markovnikov, a Russian chemist, 
investigated the addition of HBr across many different 
alkenes, and he noticed that the H is generally 
installed at the vinylic position already bearing 
the larger number of hydrogen atoms.

 For example:

 And the halogen is generally installed at the 
more substituted carbon



Markovnikov addition

 The vinylic position bearing more alkyl groups is more 
substituted, and that is where the Br is ultimately 
installed. 

 This regiochemical preference, called Markovnikov 
addition, is also observed for addition reactions 
involving HCl and HI. Reactions that proceed with a 
regiochemical preference are said to be regioselective.



Markovnikov addition

 Interestingly, attempts to repeat Markovnikov’s 
observations occasionally met with failure. 

 In many cases involving the addition of HBr, the 
observed regioselectivity was, in fact, the opposite of 
what was expected—that is, the bromine atom would 
be installed at the less substituted carbon, which came 
to be known as anti-Markovnikov addition

 Over time, it was realized that purity of reagents was 
the critical feature.

 Specifically, Markovnikov addition was observed 
whenever purified reagents were used, while the 
use of impure reagents sometimes led to anti-
Markovnikov addition.



Markovnikov addition

 Further investigation revealed the identity of the 
impurity that most greatly affected the regioselectivity
of the reaction. 

 It was found that alkyl peroxides (ROOR), even in 
trace amounts, would cause HBr to add across an 
alkene in an anti-Markovnikov fashion:



Markovnikov addition

 In the following section we will explore Markovnikov 
addition in more detail and propose a mechanism that 
involves ionic intermediates.

 For now, we will simply note that the regiochemical
outcome of HBr addition can be controlled by 
choosing whether or not to use peroxides:



Lets do HMWK #1-2



Hydrohalogenation - Mechanism

 The mechanism is a two step process



Hydrohalogenation - Mechanism

 In the first step, the π bond of the alkene is 
protonated, generating a carbocation 
intermediate. 

 In the second step, this intermediate is attacked by 
a bromide ion. 

 Figure 8.2 shows an energy diagram for this two-
step process. 

https://jigsaw.vitalsource.com/books/9781119351603/epub/OPS/ch08.xhtml#ch08-fig-0002


Hydrohalogenation - Mechanism

 In the first step, the π bond of the alkene is 
protonated, generating a carbocation 
intermediate. 

 In the second step, this intermediate is attacked by 
a bromide ion. 

 Figure 8.2 shows an energy diagram for this two-
step process. 

https://jigsaw.vitalsource.com/books/9781119351603/epub/OPS/ch08.xhtml#ch08-fig-0002


Hydrohalogenation - Mechanism

 The observed regioselectivity for this process can 
be attributed to the first step of the mechanism 
(proton transfer), which is the rate-determining 
step (highest Ea – slowest step) because it exhibits 
a higher transition state energy than the second 
step of the mechanism.



Hydrohalogenation - Mechanism

 Recall that there are two possible products, Markovnikov and 
anti-Markovnikov

 Markovnikov product is formed because of carbocation stability

anti Markovnikov
pathway

Secondary carbocation
intermediate

Markovnikov
pathway

Tertiary carbocation
intermediate



Hydrohalogenation - Mechanism

 The Markovnikov product is formed through a 
lower energy (i.e. faster) transition state.



Skillbuilder 8.1 p. 351



Lets do HMWK #3



Ch 8.4 Part 2



Stereochemistry of Hydrohalogenation

 Hydrohalogenation may result in the formation of 
a chirality center

 There are actually TWO Markovnikov products 
formed in this rxn

Two enantiomers are
formed in equal 

amounts



Stereochemistry of Hydrohalogenation

 The two enantiomers are produced in equal amounts 
(a racemic mixture). 

 This stereochemical outcome can also be explained by 
the proposed mechanism, which identifies the key 
intermediate as a carbocation. 

 Recall that a carbocation is trigonal planar, with an 
empty p orbital. This empty p orbital is subject to 
attack by a nucleophile from either side (the lobe 
above the plane or the lobe below the plane), as seen 
in Figure 8.4. 

 Therefore, both enantiomers are produced in equal 
amounts.

https://jigsaw.vitalsource.com/books/9781119351603/epub/OPS/ch08.xhtml#ch08-fig-0004


Stereochemistry of Hydrohalogenation



Lets do HMWK #4



Hydrohalogenation with Carbocation 
Rearrangment

 In Section 6.11, we discussed the stability of 
carbocations and their ability to rearrange via either a 
methyl shift or a hydride shift. 

 The problems in that section focused on predicting 
when and how carbocations rearrange. 

 That skill will be essential now, because the 
mechanism for HX addition involves formation of an 
intermediate carbocation. 

 Therefore, HX additions are subject to carbocation 
rearrangements. 

 Consider the following example, in which the π bond 
is protonated to generate the more stable, secondary 
carbocation, rather than the less stable, primary 
carbocation:

https://jigsaw.vitalsource.com/books/9781119351603/epub/OPS/ch06.xhtml#ch06sec11


Hydrohalogenation with Carbocation 
Rearrangment

 As we might expect, this carbocation can be captured by a 
chloride ion. However, it is also possible for this secondary 
carbocation to rearrange before encountering a chloride 
ion. Specifically, a hydride shift will produce a more 
stable, tertiary carbocation, which can then be captured 
by a chloride ion:



Hydrohalogenation with Carbocation 
Rearrangment

 In cases where rearrangements are possible, HX 
additions produce a mixture of products, including 
those resulting from a carbocation rearrangement as 
well as those formed without rearrangement:

 A mixture of products is unavoidable
 The bottom line is: When carbocation 

rearrangements can occur, they do occur. 
 As a result, HX addition is only synthetically useful in 

situations where carbocation rearrangements are not 
possible.



Skillbuilder 8.2 p. 354



Skillbuilder 8.2 p. 354



Lets Read p. 355 Polystyrene

 Then do HMWK #6



EQ: What is the mechanism of an acid-
catalyzed hydration?

READ pg. 356-359 

then take notes



Acid-catalyzed Hydration

 The next few sections discuss three methods for 
adding water (H and OH) across a double 
bond, a process called hydration. 

 The first two methods provide Markovnikov additions, 
while the third method provides an anti-Markovnikov 
addition. 



Acid-catalyzed Hydration

 Addition of water across a double bond in the 
presence of an acid is called acid-catalyzed 
hydration.

 For most simple alkenes, this reaction proceeds via 
a Markovnikov addition, as shown. 

 The net result is an addition of H and OH across 
the π bond, with the OH group positioned at the 
more substituted carbon:



Acid-catalyzed Hydration

 The reagent, H3O
+, represents the presence of 

both water (H2O) and an acid source. 

 Sulfuric acid is typically the acid catalyst used

 where the brackets indicate that the proton source 
is not consumed in the reaction.

 It is a catalyst, and, therefore, this reaction is said 
to be an acid-catalyzed hydration.



Acid-catalyzed Hydration

 The rate of acid-catalyzed hydration is very much 
dependent on the structure of the starting alkene. 

 The OH is added to the more substituted carbon of 
the alkene

 The more substituted the carbon atom is, the 
faster the reaction



Acid-catalyzed Hydration

 With each additional alkyl group, the reaction rate 
increases by many orders of magnitude. 

 Also notice that the OH group is installed at the more 
substituted position. 



Mechanism of Acid-Catalyzed Hydration

 The mechanism for acid-catalyzed hydration is 
essentially the same as hydrohalogenation from 
section 8.2:

 (continues to next slide)



Mechanism of Acid-Catalyzed Hydration

 But with hydration, nucleophilic attack 
produces an oxonium ion (oxygen atom with 
positive charge), which is deprotonated to 
afford the alcohol product:



Mechanism of Acid-Catalyzed Hydration

 In order to remove this charge on oxygen and form an 
electrically neutral product, the mechanism must 
conclude with a proton transfer. 

 Notice that the base shown deprotonating the 
oxonium ion is H2O rather than a hydroxide ion 
(HO−). 

 Why? In acidic conditions, the concentration of 
hydroxide ions is negligible, but the concentration of 
H2O is quite large.



Lets Try HMWK #8



Controlling the Position of Equilibrium

 Notice the equilibrium arrows (⇋ rather than →). 

 These arrows indicate that the reaction actually goes in 
both directions. 

 Consider the reverse path (starting from the alcohol and 
ending with the alkene). That process is an elimination 
reaction in which an alcohol is converted into an alkene.

 The truth is that most reactions represent equilibrium 
processes; however, organic chemists generally draw 
equilibrium arrows only in situations where the 
equilibrium can be easily manipulated (allowing for control 
over the product distribution). 

 Acid-catalyzed dehydration is an excellent example of such 
a reaction.



Controlling the Position of Equilibrium

 Thermodynamic arguments were presented to explain 
why low temperature favors addition, while high 
temperature favors elimination. 

 For acid-catalyzed dehydration, there is yet another 
way to control the equilibrium. 

 The equilibrium is sensitive not only to 
temperature but also to the concentration of 
water that is present. 



Controlling the Position of Equilibrium

 By controlling the amount of water present (using 
either concentrated acid or dilute acid), one side of the 
equilibrium can be favored over the other:

 We exploit La Chatelier’s principle to control the 
equilibrium (AP Chem Ch 15)



Controlling the Position of Equilibrium

 Control over this equilibrium derives from an understanding of Le Châtelier’s
principle, which states that a system at equilibrium will adjust in order to 
minimize any stress placed on the system. 

 To understand how this principle applies, consider the above process after 
equilibrium has been established. 

 Notice that water is on the left side of the reaction. 
 How would the introduction of more water affect the system?
 The concentrations would no longer be at equilibrium, and the system would 

have to adjust to reestablish new equilibrium concentrations. 
 The introduction of more water will cause the position of equilibrium to move 

in such a way that more of the alcohol is produced. 
 Therefore, dilute acid (which is mostly water) is used to convert an alkene into 

an alcohol. 



Controlling the Position of Equilibrium

 On the flip side, removing water from the system would 
cause the equilibrium to favor the alkene. 

 Therefore, concentrated acid (very little water) is used to 
favor formation of the alkene.

 By controlling the amount of water present (using either 
concentrated acid or dilute acid), one side of the 
equilibrium can be favored over the other



Controlling the Position of Equilibrium

 So…
If we are synthesizing an alcohol from an alkene, 
we would use excess water 

 If we are synthesizing an alkene from an alcohol, 
we would only use acid, and not add water to 
the reaction



Lets Try HMWK #9



Stereochemistry

 The stereochemical outcome of acid-catalyzed 
hydration is similar to the stereochemical outcome of 
hydrohalogenation. 

 Once again, the intermediate carbocation can be 
attacked from either side with equal likelihood

 If a new chirality center is formed, a mixture of R 
and S is obtained



Skillbuilder 8.3 p. 359



Skillbuilder 8.3 p. 359



Lets Try HMWK #10



EQ: How can mercury be used as a 
powerful electrophile?

READ pg. 360-361 

then take notes



Oxymercuration-Demercuration


