Acetal Formation

Introduction:
Both aldehydes and ketones need to be protected in the presence of alkylating and reducing agents, and aldehydes in particular, need to be protected from oxidizing conditions. A diol protecting group is typically used.  It reacts with the carbonyl compound to convert it to a cyclic acetal.  The acetal formation reaction involves a number of mechanistic steps all of which are reversible.  Often equilibrium favors the starting material (carbonyl compound) rather than the product (acetal).  Removal of water by distillation, or precipitation of the acetal product, are ways in which the equilibrium can be shifted to the right (Le Chatelier’s principle).

In our experiment, benzaldehyde will be protected with pentaerythritol (a tetra hydroxy compound) to form an acetal in which two of the hydroxy groups of the pentaerythritol react and two remain free.  Because benzaldehyde and pentaerythritol are present in a one to one ratio, only a small amount of product will be formed in which all four hydroxy groups have undergone reaction.  In our case, the reaction is done in water so that generation or removal of water does not affect the position of equilibrium, but the product is a solid which precipitates, thus shifting the equilibrium to the right.  
Reaction:
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Safety Considerations:

Caution: Gloves must be worn.  Benzaldehyde is a suspected carcinogen.  Ethyl Acetate is highly flammable.  

Experimental Procedure:

Place 13 mmoles of pentaerythritol and 26 mL of water in an Erlenmeyer flask.  Warm the contents of the flask on a steam bath to dissolve the pentaerythritol.  When the pentaerythritol has dissolved, add 2 drops of concentrated HCl and 14 mmoles of benzaldehyde.  
Cap the flask tightly with a cork and shake the reaction mixture vigorously for 25 minutes to allow for reaction between the benzaldehyde (which is only slightly water soluble) and the more soluble pentaerythritol.  
After 25 minutes has elapsed, cool the reaction mixture in ice.  Vacuum filter to collect the crude product.  Rinse the product with 2 mL of cold water.  

Recrystalize the product in ethyl acetate.  Collect the purified product by vacuum filtration.  Dry your product in an oven for approximately 20 minutes.  Obtain the melting point and yield of the product and submit it.  The literature melting point is 134-5oC.
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