Preparation of Aspirin

 

Aspirin is one of the most widely used drugs in the United States.  Nearly 14 million kilograms of aspirin are sold each year, enough for 200  five gain tablets for every person in the country.  Aspirin is effective as an analgesic, relieving mild pain of headaches and rheumatism.  It is also an effective antipyretic or reducing fever.

 

Aspirin is an ester derivative of salicyclic acid.  Its traditional chemical name is acetylsalicyclic acid.  The structures of both are shown below:
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Salicyclic Acid


Acetyl Salicyclic acid or aspirin

 

While aspirin is an effective pain reliever, it is not without side effects.  The average person loses from 0.5 to 2.0 mL of blood when two aspirin tablets are swallowed.  Then amount of damage is insignificant  except for people who consume large amounts of aspirin or who suffer from stomach ulcers.  Studies have shown that the damage caused by aspirin is  initiated by the unionized  carboxylic acid form rather than the ionized  carboxylate anion.  When the pH of the stomach which is normally quite low is shifted closer to neutral the equilibrium shifts in favor of the  carboxylate anion form.
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Carboxylic acid form  
                     Carboxylate ion form

 

Buffering aspirin therefore should reduce the damage to the stomach mucosa.  However, the amount of buffer in most buffered aspirin is not sufficient to affect the pH of the stomach.  

 

The mechanism by which aspirin works  to relieve pain is not clearly understood.  Aspirin appears to inhibit the synthesis of a group of hormones called prostglandins which are known to induce fever and inflammation.

In this experiment you will synthesize aspirin and isolate the product which can then be compared in properties to the commercial product.  Aspirin can be synthesized by heating salicyclic acid with acetic anhydride in the presence of phosphoric acid  or sulfuric acid which serves as a catalyst.
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In preparation of pharmaceutical products one must be concerned with the yield and the purity of the product.   The theoretical yield can be calculated from a simple mass-mass problem.  The actual yield divided by the theoretical yield will give the percent yield for the product.

 

Since acetic acid and acetic anhydride are soluble ion water it is unlikely that  either will remain in the final product if it is washed adequately.  It is possible that some undissolved salicyclic acid could remain.   The presence of salicyclic acid which has a phenol group in the molecule can be determined by testing the product with a 1 % solution of FeCl3.

 

Procedure:

 

· Weigh 3.00 grams of salicyclic acid and place it in a 125 mL Erlenmeyer flask. 
· Then IN THE FUME HOOD have one partner carefully add 8.00 cm3 of acetic anhydride and 8 drops of concentrated (85%) phosphoric acid or sulfuric acid.  Be sure to measure the acetic anhydride and add  carefully since it is a strong irritant.  You should have your  salicyclic acid ready to go before getting your acetic anhydride.  Once you have measured out the acetic anhydride do not let it stand but add it   immediately to the salicyclic acid.    
· Stir the mixture thoroughly and  heat the mixture in a boiling water bath for 5 minutes, stirring frequently. 

·  Remove from the hot water bath and add 3 cm3 of cold water at once to the hot mixture while stirring.  Continue to stir for a couple of minutes in order to destroy any excess acetic anhydride.  Then continue to stir the solution while you add 60 cm3 of water.  At this point the aspirin should begin to precipitate from the solution.  Complete the precipitation by cooling in an ice or cold water bath for 5 minutes. 
· You may isolate the aspirin by filtration.  Weigh your filter paper before filtering. Wash your aspirin crystals by pouring 10 cm3 of water over them through the funnel 
· Recover your aspirin and let it  air dry before weighing it.   Calculate the theoretical yield and your percent yield for the experiment. 
 

Tests  for purity.

 

You may test your product for the presence of  salicyclic acid using the Iron (III) chloride test for phenols.    

· Add about 0.1 gram of salicyclic acid to 2.0 cm3 of  Iron (III) chloride solution.  

· Add 0.1 gram of commercial aspirin  to  cm3  of Iron (III) chloride in a second  test tube and  0.1 g of your product to  2 cm3 of Iron (III) chloride solution in a third test tube. 
·  Then compare the results.   Note the color changes if any in each case.  
