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Experiment 1 Synthesis of Aspirin

1. Objective

.

1.1 To study the principle and the operation of esterifaction reaction.

1.2 To strenghthen the operations of recrystallization, melting point determination, and
suction filtration.

1.3 To understand the source of the impurities in aspirin and learn how to remove them.
2. Principle

Aspirin, an antipyretic analgesic drug of salicylates, is also named as acetylsalicylic acid,
which is used for the treatment of cold, headache, toothache, neuralgia, arthralgia and
rheumatoid arthritis due to its beneficial effects of anti-pyretic analgesis, anti-inflammatory and
anti-rheumatism. In recent years, it has been used for preventing cardiovascular events by virtue
of its capacity of restraining the agglomeration of blood platelet by inhibiting the synthesis of
TXA,.

The aspirin is a white, needle-like crystal or crystalline powder with the chemical name
of 2-acetoxybenzoic acid, melting point of 135~140 ‘C, formula of C;HgO, and molecular
weight of 180.16. It is freely soluble in ethanol, soluble in chloroform, ether and ethyl acetate,
and slightly soluble in water. The compound is represented by the following structural

formula:
[:::I:OCOCH3
COOH

The synthesis of aspirin involves a simple condensation reaction between acetic anhydride
and hydroxy group on salicylic acid in the presence of a catalytic amount of H,SO,. The

synthetic route is as following:

OH - 0COCH,
[::]: £CHCO0 [::I: +  CH,CO0H
COOH

COOH

During the reaction, salicylic acid can condensate with itself to produce a polymer
byproduct. Comparing with the polymer, the aspirin has a free carboxylic acid group.
Therefore, the aspirin can react with NaHCO; and form a water-soluble sodium salt. However,
the polymer can not react with NaHCO,, which makes it possible to separate the polymer

from aspirin.
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Another impurity in the aspirin is salicylic acid which may be from the unreacted material
or the hydrolysis product of aspirin. It can be removed in the process of purification and
recrystallization. The hydroxy group on salicylic acid can react with ferric chloride and form
deep colour complex. However, the reaction can not arise because the hydroxy group in aspirin

has been acelated and is not free.
3. Apparatus and Materials

Apparatus: magnetic heating stirrer, condenser-Allihn type, thenno}neter, three necked
flask (250 ml), round bottom flask (100 ml), beaker (250 ml), Busher funnel, suction flask.
Materials: salicylic acid, acetic anhydride, concentrated sulfuric acid, saturated sodium

bicarbonate aqueous solution, concentrated hydrochloric acid, ethyl acetate, active carbon.
4. Procedures

4.1 The esterification of salicylic acid

10 g of salicylic acid, 14 ml of acetic anhydride and 5~10 drops of concentrated sulfuric
acid are added into a 250 ml three necked flask equipped with a reflux condenser and
thermometer (Note 5.1 and 5.2). The reaction mixture is heated on an oil bath to 70~75 ‘C
under magnetic stirring. 30 min later, the stirrer is stopped. The reaction mixture is moved out
the bath, cooled to about 35~40 “C, then poured into 200 ml of cold water in a beaker. Aspirin is
precipitated little by little under constantly stirring with a glass rod. After being filtrated and
washed with cold water, the crude aspirin is obtained.

4.2 The purification of crude aspirin

The crude aspirin is put into a 150 ml beaker, and 125 ml of saturated sodium
bicarbonate aqueous solution is added. Keep stirring until without release of carbon
dioxide. Filter off the solids and wash with a small amount of water. The filtrate solution is
poured into a 250 ml beaker and added concentrated hydrochloric acid until the pH value
gets to 2 (Note 5.3). The resultant white solid is washed with cold water and filtered under
reduced pressure.

The above product is put into a 100 ml round bottom flask equipped with a spherical
condenser, and small quantities of ethyl acetate is added to dissolve the solid under heating
condition. After cooling down the solution to about 70~80 °C, active carbon is added and kept
boiling for 10 min, then immediately filtered. The white crystal will generate completely when

the solution is cooled to room temperature (Note 5.4). Purified aspirin is obtained after the
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crystal is filtered and dried. Finally, the theorétical yield is calculated.

4.3 The identification of aspirin

43.1 Thin Layer chromatography (TLC) Place 40 pg of standard aspirin and your
purified aspirin separately in the spot plate and dissolve in two drops of ethanol. With a separate
spotter for each compound, load the samples on a TLC plate. The eluting solution is a 12:6:0.1
mixture of petroleum ether, ethyl acetate and acetic acid. Visualize the eluted compounds on the
plate using UV light, circle any sp(‘)ts observed with your pencil and note the colors and
intensities of each spot. Measure the distance from the origin to the center of each spot and also
the distance from the origin to the top of the solvent front. Use these values to calculate the R
values for each spot.

4.3.2 Melting point analysis Place 5 mg of your purified aspirin into the well of a spot
plate. Use the bottom of a test tube to grind into a fine powder. Prepare a sample for melting
point analysis by inserting a small amount of your crystals into closed end capillary tubes and
place this in the melting point apparatus. Record your melting range of each sample. Values are
the means of three replicates.

4.4 The determination of salicylic acid

Place a spatula tip of salicylic acid and purified aspirin in two clean test tubes and add 1 ml
of ethanol. After the solid has been dissolved completely, add a drop of ferric chloride (10%).
The tube containing salicylic acid will turn red or purple color. The other tube containing
purified aspirin will remain yellow or turn light purple color. If it is the latter one, it indicates

salicylic acid remains in your recrystallization.
5. Notes

5.1 All glasswares used in acelate reaction must be dried.

5.2 Acetic anhydride is an irritant and combustible liquid with a very pungent, penetrating,
vinegar-like odor. Don’t contact your eyes and skin for fear of hurt.

5.3 Plenty of bubbles will be generated during the process of mixing saturated
sodium bicarbonate with aspirin. Add in several batches and stir continuously to avoid
overflowing.

5.4 1If no aspirin solid appears, we may scrape inside the flask gently with a glass rod or

evaporate some ethyl acetate to form the crystal.
6. Questions

6.1 Why must you dry the glasswares used in the acelate reaction?
6.2 What is the purpose of adding concentrated sulfuric acid into the reaction mixture?
Could it be substituted by other acids?

6.3 What side reactions will occur in the reaction? What are the byproducts?



6.4 What is the purpose of adding saturated sodium bicarbonate during the purification
process of aspirin?

6.5 What is the principles for the recrystallization solvent in the experiment? What
imputities can be removed by the solvent?

10
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