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9.2: CARBONYL CONDENSATIONS - THE ALDOL REACTION

40 OBJECTIVES

After completing this section, you should be able to

. write a general mechanism for carbonyl condensation reactions.

. write an equation to illustrate the aldol condensation reaction.

. identify the product formed when an aldehyde or ketone having an alpha-hydrogen atom is treated with base in a protic medium.

. identify the aldehyde or ketone, and other reagents required to produce a given f-hydroxy carbonyl compound by an aldol reaction.
. determine whether a given aldehyde or ketone will undergo an aldol reaction.
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. write the detailed mechanism of the aldol reaction.

e aldol
e aldol reaction

o carbonyl condensation reaction (see Chapter 18 Affix)

X STUDY NOTES

It is important that you understand the general mechanism of carbonyl condensation described in this section: once you grasp this
mechanism, you will see that all the reactions that follow are very similar.
The aldol reaction is sometimes referred to as the aldol condensation. However, a condensation reaction is often regarded as a reaction
in which two molecules join together with the elimination of a molecule of water (or some other compound of low molar mass). Thus,
the aldol reaction described here is not a true condensation; the true aldol condensation is described later, in Section 23.3. It is perhaps
unfortunate that the reactions discussed in this unit are all described as condensation reactions whether or not water is eliminated.
The term “aldol” (from "aldehyde alcohol") is used both to describe the specific compound 3-hydroxybutanal:

0] OH

and to describe 8-hydroxy aldehydes in general.

A useful carbon-carbon bond-forming reaction known as the Aldol Reaction is another example of electrophilic substitution at the alpha
carbon in enolate anions. This reaction requires the formation of an enolate so at least one of the reactants must have an a-hydrogen. Due to
the carbanion like nature of enolates, they can add to carbonyls through nucleophilic addition much like Grignard reagents.

The aldol reaction takes advantage of a carbonyl compound’s ability to undergo both alpha substitution and nucleophilic addition reactions.
The fundamental transformation in the aldol reaction is a dimerization of an aldehyde (or ketone) to form a beta-hydroxy aldehyde (or
ketone). A C-C bond is formed between the alpha carbon of one reactant molecule and the carbonyl carbon of a second reactant molecule.
In the reaction’s product, the formed C-C bond links a carbon in the alpha position and a carbon in the beta position away from the
carbonyl.

GENERAL ALDOL REACTION
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A typical example involves two molecules of acetaldehyde (ethanal) reacting to form beta-hydroxybuteraldehyde (3-hydroxybutanal). This
product and other beta-hydroxy aldehydes are generically called “aldols” because they contain both an aldehyde and an alcohol functional
group.

An aldol reaction, like many carbonyl addition reactions, is an equilibrium reaction and is reversible. The presence of an equilibrium means
weaker bases, such a hydroxides or alkoxides, can be used to perform this reaction. The reaction equilibrium favors the products when
aldehydes with little steric hindrance around the carbonyl are used. However, the reaction equilibrium for ketones and sterically hindered
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aldehydes favors the reactants. To provide good reaction yields when using these reactants, the equilibrium must be pushed towards the
products. Typically, this is done by utilizing a method to remove the product as it is formed during the reaction.

PREDICTING THE PRODUCT OF AN ALDOL REACTION
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ﬁ NaOH (|)H/H ﬁ
2 c OO
He™  H HsC 5, H
Ethanal 3-Hydroxybutanal
Aldol
ﬁ NaOH HsC\(|)H ||
2 o3 /C\ /C\
Hee”  CHa HiC g, ™
Acetone 4-Hydroxy-4-methyl-2-pentanone

MECHANISM OF ALDOL REACTION

1) ENOLATE FORMATION
The reaction starts with a base removing an alpha hydrogen to form a nucleophilic enolate.
.o e
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2) NUCLEOPHILIC ATTACK BY THE ENOLATE

Through nucleophilic addition, the enolate adds to the electrophilic
addition reaction a tetrahedral alkoxide intermediate is formed.
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carbonyl group on a second molecule. As with other nucleophilic
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3) PROTONATION

Intermediate

Protonation of the alkoxide forms the neutral aldol product and regenerates the base.
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STEREOCHEMICAL RAMIFICATIONS OF THE ALDOL REACTION

As previously discussed, both nucleophilic addition and alpha-substitution reactions have the possibility of creating chiral carbons. The
alpha carbon and the electrophilic carbon of the reactants should be identified in the aldol product to assess their possible chirality. Most
aldehydes produce chirality in both of these carbons. Most symmetrical ketones create a chiral carbon from the alpha-carbon of the reactant.
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GOING FROM REACTANTS TO PRODUCTS SIMPLY
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? WORKED EXAMPLE

What would be the expect product of the following aldol reaction?
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NaOH

Answer
Analysis:
When considering the product of an aldol reaction it is vital to consider each reactant molecule separately. Also,

Identify electrophilic carbonyl carbon and any alpha hydrogens present.

o 0
9 0 OH  y OH H
H -
H — —
Convert the (=0 Remove an alpha Connect the nucleo) is is roduc
rdrog c philic This is the product.
to C-OH hydrogen and electropilic carbon (Racemic)

? EXERCISES 9.2.1

1) Predict the product of an aldol reaction with the following molecules:

@]

\)l\/

2) Because the aldol reaction is reversible it is possible for a beta-hydroxy carbonyl compound to undergo a retro-aldol reaction. Please
draw the mechanism or the based catalyzed retro-aldol reaction shown below.
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Answers
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This page titled 9.2: Carbonyl Condensations - The Aldol Reaction is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or curated by
Steven Farmer, Dietmar Kennepohl, Layne Morsch, & Layne Morsch (Cafiada College) .

e 23.1: Carbonyl Condensations - The Aldol Reaction by Dietmar Kennepohl, Layne Morsch, Steven Farmer is licensed CC BY-SA 4.0.
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