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“Green” Aldol Condensation
Introduction

Carbon-carbon bond forming reactions are important in organic synthesis because they allow the chemist to build the complex carbon frameworks needed for desirable products such as pharmaceuticals and polymers.  The aldol reaction represents one of the most powerful methods of carbon-carbon bond formation used in organic synthesis.  The base-catalyzed aldol reaction relies on the fact that a nucleophilic enolate ion (formed by alpha-deprotonation of a carbonyl compound) will attack the electrophilic carbon of a carbonyl group leading to a new C-C bond:
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Dehydration (loss of water) of the intermediate aldol product often occurs spontaneously to give the ,-unsaturated carbonyl product:
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Aldol reactions between two different carbonyl compounds (called “crossed” aldol reactions) where each compound contains alpha-hydrogens can lead to complex mixtures of products.  Each compound can potentially form an enolate and attack either itself or the other compound leading to mixtures of both “homocoupled” and “cross-coupled” products:
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If, however, only one of the reactants contains alpha-hydrogens, the reaction can produce good yields of a single product:
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Aldol reactions are often done in alcohol solvent, the use of which can lead to significant fire, health, and VOC emission hazards as well as large amounts of hazardous waste.  One objective of “green” chemistry is to reduce or eliminate the use of such solvents, thus eliminating the hazards associated with their use.  In this experiment, you will perform the following crossed aldol condensation, and identify the product by its melting point (the literature mp of the product found in Rothenberg, et al. JACS, 2001, 123, 8701 is 183 – 185 oC)
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Unlike a typical aldol condensation, though, you will perform this reaction without the use of a solvent.  The solid reactants are mixed together and when they are intimately mixed, they melt to form a liquid at room temperature, so the reaction actually occurs in the liquid phase.  You have seen this effect before – it forms the basis of the mixed melting point experiment you have used previously to identify an unknown compound.
Required Reading:

Lehman “The Student’s Lab Companion”:

“Planning an Experiment” (pp. 288 – 290)
“Calculations for Organic Synthesis” (pp. 286 – 289)
“Vacuum Filtration” (pp. 65 – 68)
“Recrystallization” (pp. 130 – 144)
“Melting Point” (pp. 186 – 192)

Special Safety Notes:

Sodium hydroxide is corrosive and can cause skin burns.  Handle with care.
Procedure:
Procedure

Charge 0.250 g of 3,4-Dimethoxybenzaldehyde and 0.200 g of 1-Indanone into a clean, dry 
13 x 100 mm test tube.  Using a spatula, grind the two solids together until they become a brown oil.  BE CAREFUL TO AVOID BREAKING THE TEST TUBE!!!!  Add 0.050 g of finely ground solid NaOH to the reaction mixture and continue scraping and grinding until the mixture becomes a solid.

Allow the mixture to stand for about 15 minutes, then slurry the solid in about 2 – 3 mL of 0.02 M HCl(aq).  Filter the slurry by vacuum and wash the product with ~10 mL of water (use this wash to rinse the remaining product out of the test tube).  Pull air through the solid for 10 min to dry the product, then spread the product on a piece of dry filter paper.  Blot the product dry with another piece of dry filter paper.  Chop the product into a powder with a spatula and blot with another piece of filter paper to further dry the product.  Repeat this step 2 – 3 times to ensure that the product is completely dry.  Determine both the weight of the dried product and its melting point.
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“Green” Aldol Condensation:  Pre-Lab Worksheet

1.  What is the purpose of this experiment?

2.  Look up the structures and MSDS’s for the compounds used in this experiment (at the Fisher scientific website, for example) and complete the following table:

	Compound
	Structure/Formula
	LD50
	Flash Point
	Corrosive?

	1-Indanone
	
	
	
	

	3,4-Dimethoxybenzaldehyde
	
	
	
	

	Sodium Hydroxide
	
	
	
	

	Hydrochloric Acid
	
	
	
	


3.  Look up the physical properties for the compounds used in this experiment (at the Fisher scientific website, for example) and complete the following table:

	Compound
	Molecular Weight
	Melting Point
	Boiling Point
	Density

	1-Indanone
	
	
	
	

	3,4-Dimethoxybenzaldehyde
	
	
	
	

	Sodium Hydroxide
	
	
	
	

	Hydrochloric Acid
	
	
	
	


4.  Complete the following table using the amounts listed in the lab handout and indicate which substance is the limiting reactant.  Calculate the moles of substance to 3 significant figures.  (Sodium hydroxide is a catalyst and therefore is not the limiting reactant):

	Compound
	Amount
	Molecular Wt.
	Moles
	Limiting Reactant?

	1-Indanone
	
	
	
	

	3,4-Dimethoxybenzaldehyde
	
	
	
	

	Sodium Hydroxide
	
	
	
	


5.  Calculate the theoretical yield in moles and grams of product you expect to get from the amount of limiting reactant you will use in this experiment (Hint:  see question #4 above).  Show your calculations.
6.  Prepare a “Sample Lab Checklist” for this experiment similar to the example found at the top of p. 289 of your lab text.

7.  What is the purpose of the sodium hydroxide used in this experiment?

“Green” Aldol Condensation:  Post-Lab Worksheet

Yield Data

1.  Mass of 3,4-dimethoxybenzaldehyde used:  _________________

2.  Moles of 3,4-dimethoxybenzaldehyde used:  ________________


(show calculation)

3.  Theoretical yield of product:  __________________


(show calculation)

4.  Isolated mass of product:  ______________

5.  Percentage yield of product:  ________________________________
(show calculation)

Melting Point Analysis

6.  Melting point of your product:  ___________________

7.  Literature melting point of product:  _____________________

8.  If the melting point of your product is different from the literature value, why might it be different?

Questions

9.  Write a series of chemical equations showing the crossed aldol reaction of 1-indanone with acetaldehyde (CH3C(=O)H).  The first should show the initial aldol product and the second should show the dehydrated product.
10.  Using a principle introduced during the first laboratory of this semester, explain why the two solid reactants in this experiment became a liquid when they were intimately mixed together. 
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