DESIGNING MOLECULES – PART II

SYNTHESIS OF ASPIRIN
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THEORY

Aspirin’s predecessors, salicylic acid and its derivatives have been used to treat a variety of conditions for more than 2000 years. However they had side effects such as irritation of stomach tissues. Organic chemists actively engage themselves in the synthesis of new molecules with interesting properties and applications. Chemists Felix Hoffman and Arthur Eichengrun were asked by Bayer & Co to find a less toxic alternative to salicylic acid. Salicylic acid was converted to acetylsalicylic acid. It passed clinical trials and was first introduced as aspirin in 1899 by Bayer & Co. Aspirin’s popularity has continued to grow since then. Aspirin has amazing medicinal properties. It relieves pain (analgesic), reduces fever (antipyretic) and reduces inflammation of tissues (anti inflammatory).  

In this experiment, you’ll repeat the work of Felix Hoffmann and Arthur Eichengrun. You’ll synthesize aspirin from salicylic acid and acetic anhydride. The reaction equation for the synthesis of aspirin is shown. 
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        salicylic acid              acetic anhydride

            acetylsalicylic acid
 acetic acid

         (C7H6O3)

   (C4H6O3)


     (C9H8O4)

  (C2H4O2)


Introducing an acetyl group in salicylic acid produces aspirin, which is non irritating. The chemical name of aspirin is acetylsalicylic acid. The side product of the reaction is acetic acid. 
OBJECTIVES
1. Prepare a common drug, aspirin
2. Examine the physical and chemical properties of aspirin

3. Compare your prepared aspirin with commercial aspirin and Bufferin (buffered aspirin)

PROCEDURE

A. PREPARATION OF ASPIRIN
1. Fill a 400 mL beaker half full with water and set up a water bath.
2. Weigh about 0.100 gram of salicylic acid and transfer to a test tube. Record the mass of salicylic acid accurately.

3. Add 10 drops of acetic anhydride and 4 drops of sulfuric acid to the test tube. 

4. Heat the contents of the test tube in a hot water bath for 15 minutes.
5. Remove the test tube and carefully add 10 drops of water to the reaction mixture. This will react with the any excess acetic anhydride in the reaction mixture.
6. Cool the test tube in an ice bath (a beaker of ice and water). White or colorless crystals should appear.
7. Use a pipet to remove the liquid from the crystals that have formed. Discard the liquid.
B. PURIFICATION OF ASPIRIN
1. Add enough hot water and redissolve the crystals. Cool the contents and allow the crystals to form. This step is known as recrystallization and helps in forming crystals of greater purity.
2. Remove any liquid from the crystals using a pipet. Discard the liquid. 

3. Transfer the crystals to a preweighed filter paper and place the filter paper on a watch glass. 

4. Allow the crystals to air dry until the next lab period.

5. Find the mass of the dry crystals and record the amount.

6. Examine the crystals under a magnifying glass and record your observations regarding shape and texture of crystals.
C. PURITY OF ASPIRIN
1. Obtain three test tubes and label them A, B and C. Add a pea size amount of each of the following chemical substances (in solid form) as indicated.
Test tube A
salicylic acid

Test tube B
aspirin (prepared in the lab)

Test tube C
commercial aspirin (ground well using mortar and pestle)
Add a few drops of iron (III) chloride solution to each test tube. Mix the contents with the help of a stirring rod. Record your observations.
D. PRESENCE OF STARCH
Add 2-3 drops of 5% iodine solution to each of the above test tubes. Record your observations.

Test tube 1
aspirin (prepared in the lab)


Test tube 2
commercial aspirin (ground well using mortar and pestle)
E. ACIDITY OF ASPIRIN
Add 100 mg of your aspirin, commercial aspirin, Bufferin®, and salicylic acid to 2 mL of boiled distilled water in four separate test tubes. Stir the solutions. Use the pH meter (Science Workshop) to determine the pH of the solutions. 
OBSERVATIONS

(A-B) PREPARATION OF ASPIRIN
Mass of salicylic acid in grams
____________________

Mass of aspirin in grams

____________________
Theoretical yield of aspirin in grams
____________________


% yield



____________________

C. PURITY OF ASPIRIN PREPARED IN THE LABORATORY
Which aspirin is contaminated with salicylic acid – commercial or the one prepared in the laboratory? Explain based on your observations.

D. PRESENCE OF STARCH IN ASPIRIN
What does the iodine - starch test indicate? What is the role of starch in aspirin?

E. ACIDITY OF ASPIRIN

Record the pH of the following compounds.

Your aspirin


______



Commercial aspirin

______
Bufferin


______
Salicylic acid


______
QUESTIONS

1. Define the terms analgesic, antipyretic and anti-inflammatory. Is aspirin known to exhibit these pharmacological properties?
2. What was the color of the iron (III) chloride – salicylic acid test solution?
3. On the basis of color, is either your aspirin or commercial aspirin contaminated with salicylic acid?

4. Acetic acid was also formed in the preparation of aspirin and would be present with aspirin in the reaction mixture. Why is it unlikely that your isolated aspirin is contaminated with acetic acid?
5. What else is present in commercial aspirin along with salicylic acid?

6. Which substance was most acidic according to your observations – your aspirin, commercial aspirin, Bufferin or salicylic acid
7. Draw the structure of aspirin. Circle and name the functional groups.
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