Synthesis of Esters

Background information: Esters have a functional group that is derived from a carboxylic acid and an alcohol or phenol. Because carboxylic acids, alcohols, and phenols are readily available, it's easy to make a wide variety of esters. So what? Well, esters have some unique and valuable properties. Many of the smaller esters have pleasant fragrances that are found in plants and foods. Other esters are a key component in medicinally valuable molecules - such as aspirin. In this lab, you will synthesize aspirin and will make the acetate ester of an unknown alcohol, which you will identify simply by its aroma!!

How Esters Are Made: There are several ways to make an ester from an alcohol or a phenol. Reaction (1), mixing a carboxylic acid with an alcohol (or phenol) is not effective - these two react with each other only slowly and, worse, it's an equilibrium reaction so you will never consume all the reactants. In the lab, you will do three things - as shown in reaction (2) - to shift the reaction in favor of making the product you want: (I) In place of the carboxylic acid, you will use a molecule (acetic anhydride) that is more reactive toward alcohols (and phenols); (2) You will use an excess of the alcohol to shift the equilibrium so all the acetic anhydride will be consumed; and (3) You will use an acid catalyst to increase the speed of the reaction.

Detecting and Identifying Esters: Esters tend to have distinctive, generally pleasant odors. In particular, esters made from small acids and alcohols generally smell good. Several of these esters are the key component of aromas of fruits. The distinctive aroma that distinguishes one fruit from another is simply dependent on the exact combination of carboxylic acid and alcohol, as you can see from inspection of the list given on your report page. In this lab, you will take advantage of the remarkably sensitive molecule detector we all have - our noses – and the fact that the receptors responsible for smell are not merely good at detecting small numbers of molecules, but more remarkably they are very good at telling the difference between two molecules. (They do this by recognition of exact shape, which includes size.) You will identify an unknown alcohol, which won't have a smell that is easy to distinguish from other small alcohols, by converting it to the acetate ester, which is easy to distinguish from others. (For example, it only takes a few molecules in the air we breath to smell the difference between a pear and an orange.)

Synthesizing Aspirin: The discovery of aspirin is one of the great early pharmaceutical success stories. The final, key finding that gave us aspirin was the simple observation that the acetate ester of salicylic acid was relatively easy on the digestive tract and was readily assimilated into the bloodstream to provide its analgesic, anti-inflammatory, anti-pyretic and other medicinal benefits. You will prepare aspirin by esterifying (acetylating, to be specific) the hydroxy group of salicylic acid, which is a phenol.
	Safety Notes!

Many alcohols are toxic and/or irritants, and all are flammable. Acetic anhydride is a strong irritant and is

flammable. Use only in well-ventilated space. Wash any exposed skin with copious amounts of water. Keep away from flames.

Sulfuric acid is corrosive and can cause burns, Use care to avoid contact with skin, eyes, and clothing. In case of accidental contact, flood the affected area with copious amounts of water. Spills should be diluted with water, neutralized, and cleaned up immediately.

All materials must be discarded in the containers provided.


Procedure

Synthesis of Aspirin: Put about 4 gm (weigh and record the amount to two decimal places) of salicylic acid in a 50 mL Erlenmeyer flask and then add 5 mL of fresh acetic anhydride, followed by 10 drops of cone. H2SO4. Swirl the flask to mix thoroughly and heat in a water bath at 60°C for 15 minutes, swirling occasionally to ensure mixing. Remove the reaction mixture from the water bath, allow it to coo] to near room temperature, and then place the flask in an ice-water bath. After crystallization is complete, add 40 mL of ice-cold water, swirl, and collect the crystals by vacuum filtration. Rinse the crystals with 5 portions of ice-cold water. Weigh the crude product, and then recrystallize it from ethyl acetate by dissolving it in ail Erlenmeyer flask using a minimum amount of ethyl acetate that is near its boiling point. Heat the flask as you dissolve your crystals. If necessary, filter the hot solution to remove insoluble impurities. Then cool the ethyl acetate solution slowly to room temperature and finally in an ice-water bath to complete crystallization. Collect the crystals by vacuum filtration and dry them by pulling air through them using the vacuum. Weigh your final product and determine its’ melting point.

Preparation of an Ester to Identify an Alcohol. Mark six test tubes with the numbers 1 - 6, corresponding to the following alcohols:

(I) propyl alcohol

(2) isopentyl alcohol

(3) isopentenyl alcohol

(4) octyl alcohol

(5) benzyl alcohol

(6) unknown alcohol (one of the five listed above)
Place in each test tube 30 drops of the appropriate alcohol, 5 drops of acetic anhydride, and 1 drop of cone. H2SO4. Carefully agitate/swirl the test tube to mix the reactants. Heat. each test tube in a hot-water bath at 80°C for

10 minutes. Remove the test tubes from the hot water bath and place in an ice-water bath. With agitation to mix well, add sufficient 10% NaOH solution to neutralize the H2SO4 and the acetic acid formed in the reaction. Then, remove the test tubes from the water bath, and agitate/swirl each to saturate the atmosphere in the test tube with the ester vapors. Use a pipet to remove a few drops from the upper layer of each test tube and place a drop or two of each ester on a piece of filter paper. Smell the esters off the filter paper. If you have acetic acid present, its odor will mask the fragrance of the ester and will cause a stinging sensation in your nose rather than the pleasant aroma you expect! Based on comparing the smell of the acetate ester of your unknown alcohol with the acetate esters of the five known alcohols, determine the structure of your unknown alcohol.

Clean up

Discard all wastes in the appropriately labeled containers. No organic materials from this experiment go down the drain in the sink! After you have poured all you can into the waste containers, wash glassware containing only residual amounts (clinging to the sides of the glassware) in the sink.
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	Ester Aromas

	Molecule
	Aroma

	n-propyl acetate
	pear

	isopentyl acetate
	banana

	isopentenyl acetate
	juicy fruit

	octyl acetate
	orange

	benzyl acetate
	peach

	unknown
	


	Identity of Unknown.

	Name: 

	Structure:




	Aspirin (literature melting point = 135 - 136 Co)

	theoretical yield
	

	yield of crude product
	

	% yield of crude product
	

	yield of recrystallized product
	

	% yield of recrystallized product
	

	melting point of recrystallized product
	


Questions

1. Describe a safety hazard associated with this lab and what you did to prevent it from being a problem.

2. Smelling a reaction mixture can be hazardous to your health. What can you do to smell a reaction mixture {or a pure substance) without getting a big breath of noxious or toxic fumes that may be present?

3. Show your calculations to determine the theoretical yield of aspirin. Why isn't this value the same for everyone in the lab?


4. To make esters for identification by smell, you used an excess of the alcohol to shift the equilibrium to make product. Why not use an excess of acetic anhydride? (Hint: Did you notice the smell of acetic anhydride?)

5. Suppose you worked for a major food products company and you could earn a big bonus by coming up with molecules having pleasant aromas or flavors. What series of lab experiments could you do to find one?

6. How is your sample of aspirin different from an aspirin tablet that you can buy in the store?

