Robinson Annulation Practice Problems

149.
Draw the product of each Robinson annulation from the given starting
materials using "OH in H,O solution.
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Robinson annulation practice problems serve as an essential component in the study of organic
chemistry, particularly in the synthesis of complex cyclic compounds. This reaction, which combines a
Michael addition with an intramolecular aldol reaction, allows chemists to construct six-membered rings
efficiently. Mastering practice problems related to the Robinson annulation can significantly enhance
one’s ability to understand and execute organic synthesis strategies. This article will delve into the
fundamentals of the Robinson annulation, its mechanism, and provide various practice problems with

solutions to reinforce your learning.

Understanding the Robinson Annulation

Definition and Importance

The Robinson annulation reaction involves the formation of cyclohexenones by the sequential

processes of Michael addition and intramolecular aldol condensation. This reaction is particularly



valued in synthetic organic chemistry because it allows for the rapid construction of complex structures
from simpler precursors. The ability to form rings is crucial for the synthesis of many natural products

and pharmaceuticals.

Mechanism of the Robinson Annulation

The mechanism of the Robinson annulation can be broken down into several key steps:

1. Michael Addition:
- A nucleophile attacks a I:l-unsaturated carbonyl compound, resulting in the formation of a new

carbon-carbon bond.

2. Protonation:

- The resulting enolate is protonated, forming the D,D-unsaturated carbonyl compound.

3. Intramolecular Aldol Reaction:

- The newly formed enolate undergoes an intramolecular aldol condensation, leading to the formation
of a six-membered ring.

4. Dehydration:

- The final product is obtained after dehydration, yielding a cyclohexenone.

Key Features of the Reaction

- Regioselectivity: The reaction typically leads to specific regioisomers, which can be predicted based

on the substituents present on the reactants.

- Stereochemistry: The stereochemical outcome of the Robinson annulation can be influenced by the

choice of starting materials and reaction conditions.



- Versatility: The Robinson annulation can be adapted for various substrates, making it a powerful tool

in synthetic chemistry.

Robinson Annulation Practice Problems

To solidify your understanding of the Robinson annulation, the following practice problems are
provided. Each problem incorporates a different aspect of the reaction, encouraging a comprehensive

grasp of the subject.

Problem 1: Identify the Products

Given the starting materials:

- Acetylacetone (1)

- Methyl acrylate (2)

Predict the major product of the Robinson annulation reaction between these two compounds.

Solution 1

1. Michael Addition: The enolate formed from acetylacetone attacks the D-carbon of methyl acrylate.
2. Formation of the Cyclohexenone: The resulting intermediate undergoes an intramolecular aldol

reaction followed by dehydration.

The major product is 3-methyl-6-oxocyclohex-2-en-1-one.



Problem 2: Mechanism Elucidation

Draw a detailed mechanism for the Robinson annulation reaction of cyclopentanone with methyl vinyl

ketone.

Solution 2

1. Formation of the enolate from cyclopentanone.

2. Nucleophilic attack on methyl vinyl ketone.

3. Protonation of the resulting enolate.

4. Intramolecular aldol reaction leading to cyclization.

5. Dehydration to yield the final product, which is a substituted cyclohexenone.

Problem 3: Regioselectivity Considerations

Consider the reaction between 2-pentanone and acrylonitrile. Discuss the factors that influence the

regioselectivity of the product.

Solution 3

Factors influencing regioselectivity include:

- Steric hindrance: The presence of bulky groups may favor the formation of more stable products.
- Electronic effects: Electron-withdrawing or donating groups can influence the nucleophilicity of the
enolate and the electrophilicity of the D,D-unsaturated carbonyl compound.

- Reaction conditions: Temperature and solvent choice can also affect the distribution of products.



The maijor product is likely to be derived from the more stable enolate, favoring the formation of the

more thermodynamically stable cyclohexenone.

Problem 4: Synthesis Challenge

Propose a synthetic route to synthesize 2,5-dimethyl-3-hexen-2-one using the Robinson annulation

strategy. Outline your starting materials and key steps.

Solution 4

1. Starting Materials: 2,4-pentanedione and 2-methyl-3-buten-2-ol.

2. Key Steps:

- Perform a Michael addition of the enolate from 2,4-pentanedione to the 2-methyl-3-buten-2-ol.
- Allow the intermediate to undergo intramolecular aldol condensation.

- Dehydrate to yield 2,5-dimethyl-3-hexen-2-one.

Problem 5: Reaction Conditions

Discuss the effect of different solvents on the Robinson annulation reaction. Which solvents are

typically used, and how do they affect the reaction outcome?

Solution 5

- Typical Solvents: Polar protic solvents (e.g., ethanol, methanol) and non-polar solvents (e.g.,
toluene).

- Effect on Reaction:



- Polar protic solvents can stabilize charged intermediates and facilitate the reaction.

- Non-polar solvents may favor the formation of certain products by reducing unwanted side reactions.

The choice of solvent can influence both the yield and selectivity of the desired cyclohexenone.

Conclusion

Robinson annulation practice problems offer a rich avenue for exploring the intricacies of organic
synthesis. By engaging with these problems, students can deepen their understanding of reaction
mechanisms, regioselectivity, and the versatility of the Robinson annulation. As you work through
various practice scenarios, remember to focus on the underlying principles that govern the reactions,

as this knowledge will be invaluable in your future studies and research in organic chemistry.

Frequently Asked Questions

What is the Robinson annulation reaction used for in organic

chemistry?

The Robinson annulation reaction is used for the synthesis of cyclic compounds, particularly for

forming six-membered rings through the reaction of a ketone with a conjugated diene.

What are the main steps involved in the Robinson annulation process?

The Robinson annulation process involves two main steps: the Michael addition of a ketone to a

conjugated diene, followed by an intramolecular aldol condensation to form a cyclohexenone.

What type of catalysts are typically used in Robinson annulation



reactions?

Typically, strong bases such as sodium hydride (NaH) or potassium tert-butoxide (KOtBu) are used as

catalysts in Robinson annulation reactions to facilitate the deprotonation and subsequent reactions.

How can you predict the product of a Robinson annulation reaction

given the starting materials?

To predict the product, identify the ketone and the diene in the starting materials, determine the site of
the Michael addition, and then visualize the intramolecular aldol condensation to form the final

cyclohexenone product.

What are some common mistakes when solving Robinson annulation

practice problems?

Common mistakes include misidentifying the reactive sites for the Michael addition, neglecting
stereochemistry, or failing to account for potential side reactions, such as rearrangements or

polymerization.
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