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  Experiment 19
Synthesis of Dibenzalacetone 
by Aldol Condensation 
The aldol condensation is a reaction between two aldehydes or ketones, catalyzed by a base or acid, generating a molecule having both alcohol and aldehyde functional groups. The aldol product is either a β-hydroxyaldehyde or a β-hydroxyketone. This reaction is an important synthetic mechanism that produces large molecules through the formation of carbon-carbon bonds. The product results from the addition of one molecule of an aldehyde or ketone to a second molecule in such a way that the α-carbon of the first molecule becomes attached to the carbonyl carbon of the second molecule. 
Conjugation of the newly formed double bond with the carbonyl group stabilizes the unsaturated product and provides the thermodynamic driving force for the dehydration process. The overall two-step sequence of reactions involves aldol formation and dehydration.
The steps involve an acid-base reaction between a strong base such as the hydroxide ion and a hydrogen located α to a carbonyl group of the aldehyde or ketone. The acidity of the organic species is large relative to most hydrogens that are bonded to carbon due to the resonance stabilization of the enolate that is formed. The enolate attacks the carbonyl group and the aldol undergoes an acid-base reaction with the remaining acidic α-hydrogen, followed by the loss of OH– as a leaving group to give an enol. The net loss of H+ and OH– represents the loss of water, therefore the term aldol condensation. 
In this experiment, you will run an aldol condensation between benzaldehyde and acetone. The reaction is shown below. The product precipitates out of solution and can be collected by filtration. Melting temperature analysis will be used to characterize the product.

OBJECTIVES
· Perform an aldol condensation between benzaldehyde and acetone.
· Purify the product by recrystallization.
· Characterize the product by melting temperature analysis and UV absorption.
MATERIALS
Part I  Synthesis of Dibenzalacetone
50 mL round bottom flask
stir bar
three 250 mL beakers
10 mL graduated cylinder
magnetic stirrer/hot plate
vacuum filtration apparatus
disposable Pasteur pipets and bulb
Wide-Range Temperature Probe or thermometer
acetone, reagent grade 
benzaldehyde
2.5 M sodium hydroxide solution
ethanol, denatured
ice
DI water
watch glass
spatula
Part II  Recrystallization
18 × 150 mm test tube
two 250 mL beakers
hot plate
vacuum filtration apparatus
disposable Pasteur pipets and bulb
glass stirring rod
watch glass
ethanol, denatured
ice
distilled water
compressed air
Part III  Melting Temperature 
LabQuest or computer interface
LabQuest App or Logger Pro
Vernier Melt Station 
glass capillary tubes, one end closed
tissues (preferably lint-free)
sample from part II
mortar and pestle
Part IV Measure the Absorbance Spectrum (Optional) 
LabQuest or computer interface
LabQuest App or Logger Pro
UV absorbance spectrometer
quartz cuvette(s)
synthesized dibenzalacetone (from Part I)
ethanol, denatured
tissues (preferably line-free)
PROCEDURE
Part I  Synthesis of Dibenzalacetone 
1. Obtain and wear goggles. Protect your arms and hands by wearing a long-sleeve lab coat and gloves. Conduct this reaction in a fume hood. 
2. Prepare an ice water bath in a 250 mL beaker.
3. Prepare the reaction mixture.
a. Place the 50 mL round bottom flask containing a stir bar in a clean 250 mL beaker and tare the weight on a balance.
b. Slowly add acetone dropwise to the flask until the mass is about 0.25 g. Record the actual mass to the nearest 0.001 g. DANGER: Acetone, CH3COCH3: Highly flammable liquid and vapor. Keep away from heat, sparks, open flames, and hot surfaces. Causes serious eye irritation. Avoid breathing mist, vapors, or spray. May cause drowsiness or dizziness. 
c. Tare the weight again and add benzaldehyde dropwise until the mass is 1.0 g. Record the actual mass to the nearest 0.001 g. 
d. Clamp the round bottom flask to a ring stand and lower the flask onto the stir plate.
e. Add 5 mL of ethanol to the flask. DANGER: Denatured ethanol, CH3CH2OH: Highly flammable liquid and vapor. Keep away from heat, sparks, open flames, and hot surfaces. Do not eat or drink when using this product—harmful if swallowed. Causes skin and serious eye irritation. May cause respiratory irritation. Avoid breathing mist, vapors or spray. Causes damage to organs. Addition of denaturant makes the product poisonous. Cannot be made nonpoisonous.
f. Add 1.5 mL of 2.5 M NaOH to the flask. DANGER: Sodium hydroxide solution, NaOH: Causes severe skin burns and eye damage. Do not breathe mist, vapors, or spray. WARNING: Benzaldehyde, C6H5CHO: Flammable liquids. Combustible liquid. Keep away from heat, sparks, open flames, and hot surfaces. No smoking. Acute toxicity, oral. May be harmful if swallowed. Skin and serious eye damage, corrosion or irritation. Causes skin and eye irritation.
4. Stir the reaction for 15 minutes with the flask open to air.
5. The product from the reaction will be a yellow precipitate. If very little precipitate forms, warm the reaction mixture in a 50°C hot water bath for 10 minutes. 
6. After the precipitate forms, place the flask in an ice water bath for 10 minutes. Clamp the flask to prevent it from tipping.
7. Collect the solid using vacuum filtration. Note: Be sure to record the mass of the filter paper before placing it in the vacuum funnel. 
8. Prepare to wash and dry the solid.
a. Wash with cold distilled water.
b. Rinse the solid with 5–8 drops of ethanol. 
c. Keep the vacuum filtration on for an additional 10 minutes to help air dry the solid.
9. Weigh the dried solid on the filter paper and record the mass to 0.001 g.
Part II  Recrystallization
10. Prepare a 60–70°C hot-water bath in the 250 mL beaker. Monitor the temperature with a Wide-Range Temperature Probe or thermometer. 
11. Transfer your crude product to a test tube and add about 5 mL of ethanol. Use the minimum amount of solvent needed to dissolve your solid. Crystals will not form if too much ethanol is used.
12. Stir the solution with the glass stirring rod for 5 minutes. If the solid does not dissolve, add 0.5 mL of ethanol. Continue stirring until the solid has completely dissolved. 
13. Once the solid has completely dissolved, cool the solution in an ice water bath to promote crystallization. 
14. Collect the product by vacuum filtration. Note: Be sure to record the mass of the filter paper before placing it in the vacuum funnel. 
15. Allow to completely air dry, or direct a gentle stream of air above the funnel for 
10–15 minutes to completely dry the solid.
16. Weigh the dried recrystallized product on the filter paper and record the mass to 0.001 g.
Part III  Test the Melting Temperature of Dibenzalacetone.
17. Obtain a small amount of your sample from Part I. The solid should be in a powdered form. If it is not, use a mortar and pestle to carefully grind the solid to a powder. Pack a capillary tube 3–4 mm (~1/8 inch) deep with your sample.
18. Check the control dial on the Melt Station to confirm that it is in the Off position. Connect the Melt Station power supply to a powered electrical outlet.
19. Connect the Melt Station to a LabQuest or to a computer interface. Choose New from the File menu of the data-collection program. 
20. Carefully insert the capillary tube of solid into one of the sample holders of the Melt Station.
21. In the first trial, you will want to observe the melting process and make a rough estimate of the melting temperature of your unknown sample.
22. When you have determined the approximate melting temperature range for the sample, stop data collection and turn the dial to the Fan/Cooling setting. Record the melting temperature range in your data table. 
23. Now that you have a rough idea of the melting temperature, a more accurate determination of the melting temperature can be made. Prepare a sample in a capillary tube and determine the melting temperature of the sample:
24. When finished, stop data collection and turn the dial to the Fan/Cooling setting. Record the melting temperature range in your data table.
25. At the end of the experiment turn the control dial on the Melt Station to Off. Dispose of the capillary tubes as directed by your instructor.
Part IV  Measure the Absorbance Spectrum (optional)
26. Prepare ~10 mL of dibenzalacetone sample by dissolving a few crystals from Part I in ethanol.
27. Prepare a blank by filling a cuvette 3/4 full with ethanol.
28. Connect the spectrophotometer to the USB port of LabQuest or a computer. Choose New from the File menu of the data-collection program.
29. Calibrate the spectrophotometer with the blank.
30. Fill an empty cuvette 3/4 full with your dibenzalacetone sample. Insert the cuvette into the spectrometer. Press Collect to obtain a full absorbance spectrum. Once a spectrum appears, end data collection. 
31. Examine the plot of absorbance vs. wavelength. Make sure the absorbance values are between 0.1 and 1.0 absorbance units. Any values outside this range may introduce an error. If your sample is outside this range, dilute or concentrate it and repeat Step 30.
32. Record the wavelength of peak absorbance, λmax, in the data table.
DATA TABLE
Part I  Synthesis of Dibenzalacetone
	Mass of acetone (g)
	 

	Mass of benzaldehyde (g)
	 

	Mass of filter paper (g)
	 

	Mass of filter paper and product (g)
	 

	Mass of crude product (g)
	 


Part II  Recrystallization 
	Mass of filter paper (g)
	 

	Mass of filter paper and product (g)
	 

	Mass of recrystallized product (g)
	 


Part III  Melting Temperature of Dibenzalacetone
	 
	dibenzalacetone

	Measured melting temperature range (°C)
	 


Part IV Measure the Absorbance Spectrum
	 
	λmax

	Dibenzalacetone
	 


DATA ANALYSIS
1. What is the theoretical yield of dibenzalacetone in your synthesis? What is the actual yield? 
2. Draw the mechanism for the formation of the product.
3. Is NaOH a reagent or catalyst in this reaction? Explain your answer.
4. In the last step of the aldol condensation, loss of water from the β-hydroxyketone can form molecules in which the alkene hydrogen atoms are either cis or trans to each other. The name dibenzalacetone does not completely characterize the molecules made in this experiment. There are 3 isomeric dibenzalacetones, one melting at 100–110°C, λmax 330 nm, ε 34,300; another melting at 60°C, λmax 295 nm, ε 20,000; and a third, a liquid with λmax 287 nm ε 11,000. Both the melting points and the UV spectral data give some hints regarding the structures of these molecules. Which isomer did you isolate? Support your answer with data you collected.
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