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Synthesis of Diethyl n-Butyl Malonate

Introduction:
Barbiturates are central nervous system depressants and are commonly used as sedatives and anticonvulsants.  They are also addictive.  An overdose, especially in combination with alcohol, is likely to be fatal.  
Barbituates are all derivatives of barbituric acid (R=R’=H), in which the hydrogens have been replaced with various alkyl groups.  (Barbiturates in which only one hydrogen has been replaced with an alkyl substitutent are not physiologically active.)
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One well known example is of a barbiturate is phenylbarbital (R=Et, R’=Ph), a substance commonly used to treat epileptic seizures.  

Thousands of derivatives of barbituric acid have been made by alkyl substitution of malonic ester.
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Reaction:

In today's experiment, you will carry out the first step of the barbiturate synthesis:
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In reactions involving malonic ester, most commonly, sodium ethoxide is used to deprotenate the enolic hydrogens.  In today's experiment, however, you will be using a much weaker and safer base, potassium carbonate.  We are able to use potassium carbonate because we are using a non-aqueous solution in which the potassium carbonate will be unsolvated and therefore functions as a strong base.  Because this reaction is carried out in a non-aqueous medium, a phase transfer catalyst, a quaternary ammonium salt, is used, to allow the inorganic carbonate to dissolve in and react with the malonate.

Safety Considerations:

This reaction should be conducted under the hood.  Tert-butyl methyl ether is highly flammable and should only be heated on a steam bath.
Experimental Procedure:

Weigh 1.5 millimoles of tricaprylmethyl ammonium chloride (also known as aliquat 336) directly into a 25 ml round bottom flask.  Weigh out and add 0.045 moles of potassium carbonate.  Add 0.038 moles of diethyl malonate and 0.036 moles of n-butyl bromide.

Attach a condenser and gently reflux the reaction in a sand bath for 1.5 hours.  Be aware of the fact that it is easy to overheat and thus burn your reaction mixture during the reflux period.  Set the heat on a low setting and periodically adjust the depth of your flask in the sand so as to maintain a gentle reflux.  
When the reflux period is over, allow the flask to cool to room temperature and then cool it in ice.  Transfer the reaction mixture to a separatory funnel.  Use 10 ml of water to rinse out any contents remaining in the reaction flask and add this water to the separatory funnel.  Extract the reaction mixture with two 10 ml portions of t-butyl methyl ether (this ether can also be used to rinse out the round bottom flask).    

Dry the ether extracts with anhydrous calcium chloride.  Transfer the dried ether solution to a tared flask and evaporate the ether on a steam bath.  Determine the yield of your product.  Measure its refractive index (literature value = 1.4220).

Postlab Question:

Propose a mechanism for the final step of the barbiturate synthesis (dialkylated malonic ester plus urea).
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