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8.

Synthesis of Salicylic Acid

Pre-lab questions  

Complete the following questions. Show all work.  All work and answers must be typed.
1. How many moles of methyl salicylate are you using in this reaction?

2. What is the minimum number of moles of sodium hydroxide needed to insure complete deprotonation of the methyl salicylate in question #1?

3. How many moles of sodium hydroxide (NaOH) will be used in your experiment?

4. How many millileters (mL) of the sulfuric acid solution should be added to insure complete protonation of the intermediate?

5. Assume you recover 1.1 g of product after recrystallization.  What is your % yield?

8.


Synthesis of Salicylic Acid

Jones:
Ester hydrolysis, saponification pg 955, Figure 19.33

McMurry:
Ester hydrolysis, saponification pgs 325-326
Vocabulary:
Theoretical yield
The yield of a reaction assuming 100% conversion of the limiting reagent to the product.  


Limiting reagent 
The reagent which is present in the smallest amount and would limit the amount of product.


Reagent

A compound which is used as the starting material for a reaction.

This procedure has been adapted from the microscale procedure described in Experimental Organic Chemistry A Balanced Approach: Macroscale and Microscale by Jerry R. Mohrig, Terrence C. Morrill, Christina Noring Hammond, and Douglas C. Neckers.




Background

Throughout history, botanical extracts have been used as medicines. Approximately 30% of all medicines have a plant origin. This number increases to 60% if you consider medicines that at one time were derived from plants, but have more recently been synthesized in the laboratory. Salicylic acid is a white crystalline compound that can be isolated from the bark of birch trees. Since it is a valuable substance that can be isolated from nature, it is called a "natural product". Although it was used historically as an analgesic (pain reliever), today it is commonly used in ointments and plasters for the removal of warts from the skin.  

Salicylic acid is also a precursor to acetylsalicylic acid or aspirin. Acetylsalicylic acid (an ester derivative of salicylic acid) is much more commonly used than salicylic acid for pain relief, because the parent compound can irritate the lining of the stomach.

In this experiment you will synthesize salicylic acid from methyl salicylate. Methyl salicylate is also a botanical extract. It is the major constituent of oil of wintergreen, which makes up over 90% of the essential oil from the wintergreen plant. (An “essential oil” is an example of a natural product, specifically a volatile oil that gives a plant its characteristic flavor or odor (its “essence”).) However, most methyl salicylate used in foods is made synthetically, a cheaper process than its extraction from wintergreen leaves or sweet birch bark. The process of synthesizing a natural product via artificial means is known as “natural product synthesis.”
 

In this synthesis, methyl salicylate is the “starting material” or “precursor” and salicylic acid is the “synthetic target.” If the procedure goes well, we’ll be able to refer to salicylic acid as the “product.” Examine the structures pictured in Figure 1.  The difference in the two structures is a single functional group. In methyl salicylate (on the left) the benzene ring is substituted by two functional groups, a hydroxyl group (-OH) and an ester group (-COOCH3). In salicylic acid (on the right), the ester group has been replaced by a carboxylic acid group (-COOH).


Figure 1.  Functional groups in methyl salicylate and salicylic acid.

The overall reaction that you will carry out is shown in Figure 2, in two steps. The process that causes the ester group to be replaced by a carboxylic acid group is an example of ester hydrolysis under strongly basic conditions. The complete reaction mechanism is shown in Figure 3.


Figure 2.  Overall two-step procedure for synthesis of salicylic acid
From the reaction above, you can see that there is a 1:2 molar ratio of the two reagents.  In order to calculate the theoretical yield, you must determine the limiting reagent.  So if you started with 1 mL of methyl salicylate and 0.800 g of sodium hydroxide (NaOH, MW=40 g/mol), what is the limiting reagent?

Because stoichiometric equations quantify the number of molecules (or moles of molecules), measured quantities must be converted to moles or millimoles. For the methyl salicylate, first convert the volume to mass using the density as a conversion factor:
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Then, convert to moles using the molar mass (molecular weight) as a conversion factor:
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For sodium hydroxide:
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According to the balanced equation, we need 2 moles of NaOH for every mole of MS:
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We need 0.01 moles of MS to completely use up all of our NaOH. We only have 0.00769 moles of MS. When the MS is used up, the reaction will stop leaving some NaOH unused. Therefore the MS is the limiting reagent.  If we had 100% yield, then we would synthesize 0.00769 moles of salicylic acid (SA).  That is our theoretical yield.  If we synthesized 0.900 g of salicylic acid (the “actual yield”), what is our percent yield?

The actual yield:
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The percent yield:
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Figure 3.  Complete mechanism for synthesis of salicylic acid 

A reaction mechanism includes the reagents, intermediates, and products but also the pushing of the electrons using the arrow formalism.
Experiment

This is a two-step synthesis for the formation of salicylic acid from methyl salicylate.  You will use this product next week to synthesize acetylsalicylic acid (aspirin).

1. Place 300 mL of water into a 400 mL beaker.  Add a paper clip to the beaker and place on a hotplate.  Turn on the stirrer and heat the water to boiling.  

2. While the water is heating, place a boiling chip and 13 mL of a 4.6 M sodium hydroxide solution in your reaction tube.

3. To the tube, add 1 mL of methyl salicylate.  Cap the reaction tube loosely and clamp the reaction tube directly above the water bath.

4. When the water is boiling, lower the tube into the water so that all of the contents are below the water.

5. Heat the solution for twenty minutes.  If a solid still remains after twenty minutes, continue to heat until it is all dissolved in solution.

6. Remove the reaction tube from the water bath and let the solution cool to room temperature.

7. To the solution, add small aliquots of a 3 M sulfuric acid solution.  Make sure to swirl the reaction tube after each addition of the acid.  A white solid should form upon addition of the acid.  Continue to add the acid until you observe no more precipitate forming.

8. Test the solution with pH paper.  If the solution is not acidic, then add more sulfuric acid until it is acidic.  Make sure to mix the solution well after each addition of the acid.

9. Cool the solution in an ice-bath.  Vacuum filter to collect the solid.

10.  Recrystallize the solid from water.

---For your lab report, report your crude and purified %yields.  Also, take the melting point of your purified solid.  You will be using this product in another reaction next week.
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8.

Salicylic Acid

Post-lab report  


1. Draw (by hand) the complete reaction mechanism for your reaction.

2. Fill out the following table. Responses must be typewritten. Show all calculations.

	
	

	Initial Weight of methyl salicylate (Wi in g)
	

	Initial amount of methyl salicylate (Mi in moles)
	

	Theoretical amount of salicylic acid (Tsa in moles)
	

	Final Weight of salicylic acid (Wsa in grams)
	

	%yield (actual)
	

	melting point (°C)
	


Mixture and/or Intermediate





Key:





Product





Add
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