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9.5: USING ALDOL REACTIONS IN SYNTHESIS

After completing this section, you should be able to identify the aldehyde or ketone and other necessary reagents that should be used to
prepare a given enone by an aldol condensation.

This section stresses the importance of being able to think logically.
The experience that you have already gained through designing multi‑step syntheses and solving road‑map problems should help you to
recognize when an aldol reaction may have been one of the steps in the synthesis of a given compound.

It is important that you recognize that the aldol condensation is an important part of a synthetic chemist’s repertoire, both because it
involves the formation of a new carbon‑carbon bond, and also because it yields a product containing two functional groups.

Aldol reactions are excellent methods for the synthesis of many enones or beta-hydroxy carbonyls. Because of this, being able to predict
when an aldol reaction might be used in a synthesis in an important skill. This can be accomplished by identifying these combinations of
atoms and bonds and then, working backwards, theoretically breaking the target molecule apart into possible reactants.

Fragments which are easily formed by an aldol reaction

DETERMINING THE REACTANTS FOR AN ALDOL CONDENSATION
During an aldol condensation a C-C sigma and a C-C pi bond are formed. This makes the key bond cleavage in the target molecule the C=C
bond between the carbons alpha and beta away from the carbonyl. After the cleavage, the carbon that was in the alpha position (on the
fragment with the carbonyl) gains two hydrogens. The carbon that was in the beta gains a =O to form a carbonyl.

DETERMINING THE REACTANTS FOR AN ALDOL REACTION
During an aldol condensation a C-C sigma bond is formed. This makes the key bond cleavage in the target molecule the C-C bond between
the carbons alpha and beta away from the carbonyl. After the cleavage, the carbon that was in the alpha position (the fragment with the
carbonyl) gains one hydrogen. The fragment loses a hydrogen from the OH and then forms a C=O carbonyl bond.

 OBJECTIVES

 STUDY NOTES
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Show how the following molecule could be made using an aldol condensation?

Answer
Analysis: The C=C bond in the target molecule is cleaved to form two fragments. The fragment with the carbonyl gains two alpha
hydrogens. The other fragment gains a =O to form a carbonyl. Both fragments end up producing the same reactant which is typical
for an aldol condensation.

Solution

ADDITIONAL SYNTHETIC CONSIDERATIONS
The enone product of an aldol condensation is versatile because it contains two functional groups (alkene & carbonyl) which can be subject
to further reactions. Among many possible reactions, an enone can undergo hydrogenation to produce an aldehyde or ketone. Also, the
carbonyl group can undergo hydride reduction to produce a beta-hydroxyalkene.

These additional reactions can be applied with the consideration of using an aldol reaction in the synthesis of a target molecule. A similar
analysis can be extrapolated to the other reactions possible with the alkene and carbonyl present in an enone.

Analysis for Hydrogenation
To consider a hydrogenation, remove a hydrogen from a carbon in both the alpha and beta positions relative to the carbonyl. Then connect
these two carbons with a C=C double bond. This create a possible enone which can be broken apart further using the analysis described
above. Target molecules can have often have multiple alkyl chains which can be used to form a double bond.

Worked Example
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Analysis for Hydride Reduction

To consider a hydride reduction remove a hydrogen from the alcohol oxygen then a hydrogen from the adjacent carbon. Connect the oxygen
and carbon with a double bond to form a C=O carbonyl. This provides an enone which can undergo further analysis.

Please devise a synthesis pathway for the following molecule using an aldol reaction:

Answer
Analysis: Because the target molecule has two beta-carbons with hydrogens there are two possible synthesis pathways. Both should
be considered for their effectiveness. Because a carbonyl is already present fragmentations will first be performed to create two
possible enone intermediates. These enones will both be broken into their aldol reactants. When looking a possible aldol reactants
produced by each pathway it is clear that pathway 2 is preferred. Because both fragments are the same they will react to form on
major product.

Solution

 EXERCISE 9.5.1
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1) Which of the following molecules could be made using an aldol reaction or condensation. Please show the starting material for the
reactions that are possible.

2) Please show the reaction steps required to make 4-methyl-2-pentanol from an aldol condensation.
3) Please design a synthesis for the following molecule: Red = Oxygen, Grey = Carbon, White = Hydrogen

Answers
1) Molecules A and C are possible.

Solution for molecule A

Solution for molecule C

2)

3)
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