The Preparation of Fragrant Esters

Objective

Esters are the product of reaction of an organic (carboxylic acid) with an alcohol.  Many esters are components of the essential oils of flowers and fruits.  Several esters with pleasant fragrances will be synthesized in this experiment, and a common fragrant ester will be hydrolyzed to demonstrate the reverse of the esterification reaction.

Introduction

When an organic ace, R-COOH, is heated with an alcohol, R’-OH, in the presence of a strong mineral acid, the chief organic product is a member of the family of organic compounds known as esters.


The general reaction for the esterification of an organic acid with an alcohol is

R-COOH + HO-R’ ( R-CO-OR’ + H2O

In this general reaction, R and R’ represent hydrocarbon chains, which may be the same or different.  As a specific example, suppose acetic acid, CH3COOH, is heated with ethyl alcohol, CH3CH2OH, in the presence of a mineral acid catalyst.  The esterification reaction will be

CH3-COOH + HO-CH2CH3 ( CH3-COO-CH2CH3 + H2O

The ester product of this reaction (CH3-COO-CH2CH3) is named ethyl acetate, indicating the acid and alcohol from which it is prepared.  Esterification is an equilibrium reaction, which means that the reaction does not go to completion on its own.  Frequently, however, the esters produced are extremely volatile and can be removed from the system by distillation.  If the ester is not very easily distilled, it may be possible instead to add a desiccant to the equilibrium system, thereby removing water from the system and forcing the equilibrium to the right.


Unlike many organic chemical compounds, esters often have very pleasant, fruitlike odors.  Many of the odors and flavorings of fruits and flowers are due to the presence of esters in the essential oils of these materials.  The table that follows lists some esters with pleasant fragrances, and indicates from what alcohol and which acid the ester may be prepared.


The esterification reactions shown above are actually equilibrium processes and can be reversed.  The reverse of the esterification reaction is referred to as a hydrolysis reaction, because it represents the break down of the organic compound through the action of water.

R-CO-OR’ + H2O ( R-COOH + HO-R’

Table of Common Esters

	Ester
	Aroma
	Constituents

	n-propyl acetate
	pears
	n-propyl alcohol/acetic acid

	methyl butyrate
	apples
	methyl alcohol/butyric acid

	isobutyl propionate
	rum
	isobutyl alcohol/propionic acid

	octyl acetate
	oranges
	n-octyl alcohol/acetic acid

	methyl anthranilate
	grapes
	methyl alcohol/2-aminobenzoic acid

	isoamyl acetate
	bananas 
	isoamyl alcohol/acetic acid

	ethyl butyrate
	pineapples
	ethyl alcohol/butyric acid

	benzyl acetate
	peaches
	benzyl alcohol/acetic acid

	methyl salicylate
	wintergreen
	methyl alcohol/salicylic acid



Generally a fruit or flower may contain only a tiny amount of ester, giving a very subtle odor.  Usually, the ester is part of some complex mixture of substances, which, taken as a whole, have the aroma attributed to the material.  When prepared in the laboratory in relatively large amounts, the ester may seem to have a pronounced “chemical odor, and it may be difficult to recognize the fruit or flower that has this aroma. 
Safety Precautions

· Safety eyewear by your institution must be worn at all times while you are in the laboratory, whether or not you are working on an experiment.

· Most of the organic compounds used or produced in this experiment are highly flammable.  All heating will be done using a hotplate, and no flames will be permitted in the laboratory.

· Sulfuric acid is used as the catalyst for the esterification reactions.  Sulfuric acid is dangerous and can burn skin, eyes, and clothing very badly.  If it is spilled, wash immediately before the acid has a chance to cause a burn, and inform the instructor.

· The vapors of the esters produced in this experiment may be harmful.  When determining the odors of the esters produced in the experiment, do not deeply inhale the vapors.  Merely waft a small amount of vapor from the ester toward your nose.

Apparatus/Reagents Required

Hotplate; 50% sulfuric acid; assorted alcohols and organic acids, as provided by the instructor, for the preparation of fruit and flower aromas, short-stem disposable plastic pipets, 20% NaOH solution, methyl salicylate

Procedure

A. Preparation of Fragrant Esters

· Set up a water bath in a 250-mL beaker on a hotplate in the exhaust hood.  Most of the reactants and products in this choice are highly flammable, and no flames are permitted in the lab during this experiment.  Adjust ht heating control to maintain a temperature of around 70(C in the water bath.

· Some common esters, and the acids/alcohols from which they are synthesized, were indicated in the table in the Introduction.  Synthesize at least two of the esters, and note their aromas.  Different students might synthesize different esters, as directed by the instructor, and compare the odors of the products.

· To synthesize the esters, mix 3-4 drops (or approximately 0.1 g if the acid is a solid) of the appropriate acid with 3-4 drops of the indicated alcohol on a clean, dry watch glass.

· Add 1 drop of 50% sulfuric acid to the mixture on the watch glass (Caution!)

Pre-Laboratory Questions

1. Using R-COOH to represent an organic acid and R’-OH to represent an alcohol, write a general equation for the formation of an ester.  What is the other product of the esterification reaction?

2. Draw the structural formula for each of the following esters.

n-propyl acetate

methyl butyrate

isobutyl propionate

octyl acetate

isoamyl acetate
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Which esters did you prepare?

Ester 1 _______________________________ 
Ester 2 __________________________
Odor ________________________________
Odor ___________________________
Formula ______________________________
Formula _________________________

How do the odors of the esters you produced compare to the “natural” aromas you were expecting?

Hydrolysis of an Ester

Odor of methyl salicylate before hydrolysis _________________________________

Odor after hydrolysis ___________________________________________________

Equation for hydrolysis reaction __________________________________________

Questions

1. Ordinarily esterification reactions come to equilibrium before the full theoretical yield of ester is realized.  Aside from distillation discussed earlier, how might one experimentally shift the equilibrium of the esterification reaction so that a larger amount of ester might be isolated?

2. How do chemists define hydrolysis?
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