CHE 311 L	Northern Kentucky University

ALDOL CONDENSATIONS

MICROSCALE ALDOL CONDENSATION OF ACETONE AND BENZALDEHYDE


Required Pre-Lab Readings: McMurry, Sect. 17.6, 17.7.
Techniques you must be prepared to perform: microscale recrystallization.

The aldol reaction is a very important reaction for two main reasons. It allows for the formation of a new carbon-carbon sigma bond and it generates a -hydroxycarbonyl that, in turn, can be transformed into other functional groups (e.g., unsaturated carbonyl, -amino acid, etc.). One of the simplest examples of the aldol reaction is the reaction of acetaldehyde with itself (1). The base serves to deprotonate the molecule at the -position, generating an enolate (a carbon nucleophile) which reacts with another molecule of acetaldehyde (a carbon electrophile) to form a carbon-carbon bond and, after protonation, the hydroxycarbonyl product. Note that a stereocenter is formed in this reaction. Under the conditions of the reaction the product would be racemic. 
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If two different carbonyl compounds are present the reaction can produce a mixture of products. In the example below (2) the product shown is one of several possible products. That is, the product shown is the one which would result if the second starting material were the nucleophile and the first the electrophile. What other combinations are possible? Furthermore, the product shown has two stereocenters, meaning that it can be (and usually is) a mixture of the four possible stereoisomers (two pair of enantiomers).

[image: ]

In this experiment acetone will react with two equivalents of benzaldehyde to give the aldol product which, under the reaction conditions, spontaneously dehydrates to form the observed product, dibenzylacetone (3). The dehydration step proceeds first by enolate formation followed by loss of hydroxide (this is known as an E1cb mechanism, where “cb” stands for conjugate base). Although hydroxide is considered to be a relatively poor leaving group, the driving force in this step is the formation of a double bond in conjugation with both the carbonyl and the benzene ring.
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PROCEDURE

You will perform this experiment twice, using a different mixing method each time.

Two stock solutions are already prepared. The first contains a mixture of NaOH (10 g), H2O (100 mL) and ethanol (80 mL) (the base solution). The second contains a mixture of benzaldehyde (50.0 mL) and acetone (18.0 mL) (the substrates solution). In order to calculate the theoretical yield in grams you must assume that in the substrates solution the volumes are additive (i.e., 50 + 18 = 68). This seemingly obvious assumption is not always true. Based on this assumption you can calculate the relative percentages of each substrate in the mixture and ultimately the number of moles of each substrate in the reaction.

Into a centrifuge tube pipet 1.5 mL of the base solution, followed by 0.10 mL of the substrates solution. For one experiment, you will holding the tube firmly in your hand, and flick it with your finger in order to mix the reagents. Do this occasionally for approximately 15 minutes. Centrifuge the tube for ca. 30 seconds (with counter weight) and pipet off the supernatant liquid. The crude product should be microscale recrystallized from ethyl acetate. Be cautious with the amount of ethyl acetate you add. TOO MUCH solvent and you might not get your product out of solution! One mL is probably too much. Generally, this product will directly crystallize in the ethyl acetate.

In the second experiment you will use one of two alternate mixing methods, sonication or vortex, as assigned by your instructor. For these methods you will sonicate or vortex for 30 s intervals. After the first interval where you see formation of a precipitate you will vortex / sonicate for an additional one to four 30 s intervals. 

Once you isolate your product, record the weight in your notebook and have the instructor (or lab assistant) initial this value.

For your lab report, complete the data sheet on the following page. Turn in copies of your notebook pages at the end of the lab period. Please turn in your product along with your lab report. The vial must have a label on it with the following information: 1) name; 2) name or structure of compound; 3) weight.

MICROSCALE ALDOL CONDENSATION OF ACETONE AND BENZALDEHYDE

	Name:
	
	Section:
	



Overall Reaction: (chemical drawing software)







	Reaction #1 Mixing method:
	flicking
	
	Reaction time:
	

	
	
	
	
	

	vol base sol’n:
	
	
	Theo mmol dibenzalacetone:
	

	
	
	
	
	

	mmol base:
	
	
	Theo mass dibenzalacetone:
	

	
	
	
	
	

	vol substrates sol’n:
	
	
	Mass recovered dibenzalacetone:
	

	
	
	
	
	

	mmol benzaldehyde:
	
	
	mmol recovered dibenzalacetone:
	

	
	
	
	
	

	mmol acetone:
	
	
	% yield dibenzalacetone:
	



Observed melting point of recovered dibenzalacetone: 			

Literature melting point: 					

Literature source:



	Reaction #2 Mixing method:
	
	
	
	

	
	
	
	
	

	Total reaction time
	
	
	Total mixing time:
	

	
	
	
	
	

	vol base sol’n:
	
	
	Theo mmol dibenzalacetone:
	

	
	
	
	
	

	mmol base:
	
	
	Theo mass dibenzalacetone:
	

	
	
	
	
	

	vol substrates sol’n:
	
	
	Mass recovered dibenzalacetone:
	

	
	
	
	
	

	mmol benzaldehyde:
	
	
	mmol recovered dibenzalacetone:
	

	
	
	
	
	

	mmol acetone:
	
	
	% yield dibenzalacetone:
	



Observed melting point of recovered dibenzalacetone: 			

Show complete calculations: (notebook)


Write out the complete mechanism for the aldol condensation performed in lab.






















Compare your results for the two mixing methods. Discuss which method you feel is best and why.
[bookmark: _GoBack]
Complete the following condensation reactions by providing the correct product(s) or starting material(s) (chemical drawing software):

	a.
	

	
	

	
	

	
	

	b.
	
	
	


	
	

	
	

	c.
	

	
	

	
	

	
	

	d.
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