Experiment 5.4.1e – The reactions of the phenolic functional group

!! Wear eye protection correctly throughout the experiment

!! Concentrated hydrochloric acid, ethanoic anhydride, sodium metal, bromine water and nitric acid are corrosive

!! Do not add water to the sodium experiment

In this experiment we shall be looking at the reaction of a phenol – that is a molecule with has an OH group directly attached to a benzene ring. The molecule being investigated is methyl 4-hydroxybenzoate:
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1 Solubility and pH

To about a third of a boiling tube of distilled water add a small spatula measure of methyl 4-hydroxybenzoate. Does it dissolve? Heat carefully to boiling and allow to cool slowly. Add a few drops of full range indicator.

By considering the structure of the molecule, try to explain the solubility and pH that you have observed.

2 Phenols as acids

Here we consider reactions in which the H of the OH group may be lost as a proton.

a) Melt some methyl 4-hydroxybenzoate in a test tube by warming it gently over a Bunsen flame until it has just melted. You will need about 1 cm depth of liquid. Add a small piece of sodium metal (CARE!). This should have been cut by your technician and be no more than a 2 mm cube. What can you see?

Do not attempt to clean this test tube out. Add ethanol to cover the contents and put aside to be cleared by the technical staff.

The reaction is very similar to the reaction of sodium with alcohols which you met in Unit 2. Try to write an equation for the reaction you have just seen.

b) Put about 5 cm3 of sodium hydroxide solution in a test tube and add a small spatula measure of methyl 4-hydroxybenzoate. How does the solubility compare with that in water? Now add 2 cm3 of concentrated hydrochloric acid (CARE!). Is there any change? Try to explain what you have seen.

c) To about a quarter of a test tube of 1 M sodium carbonate solution add a small spatula measure of methyl 4-hydroxybenzoate. Does this acid react with the carbonate to produce bubbles of carbon dioxide gas?

3 Esterification

We met ester formation between a carboxylic acid and an alcohol in Unit 4. Phenols are less reactive than alcohols and don’t react quickly with carboxylic acids. However, they will react faster with the more reactive acid anhydrides.

Dissolve around 0.5 g of methyl 4-hydroxybenzoate in 5 cm3 of 2 M sodium hydroxide solution (CARE!). Add 1 cm3 of ethanoic anhydride (CARE!) and shake for a few minutes. Cooling in an ice bath will produce more product.

4 Properties of the benzene ring

a) In a fume cupboard set fire to a small amount of methyl 4-hydroxybenzoate on a combustion spoon. Describe what you see and try to explain it by considering the structure of the molecule.

b) Add a small spatula measure of methyl 4-hydroxybenzoate to 2 cm depth of bromine water (CARE!) in a test tube. Shake the contents. Does a reaction take place readily?

c) To a small spatula measure of methyl 4-hydroxybenzoate in a test tube add about 5 cm3 of 1 M nitric acid (CARE!). Heat carefully just to boiling (watch out for bumping). Allow to cool and then chill in an ice bath. Are there any signs of a reaction?
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