Pechmann Condensation
Coumarins, which are benzo-α-pyrones are a class of natural products that are found in a variety of plants; such as tonka beans, sweet grass and Chinese cinnamon. Many coumarin containing compounds have been found to be biologically active and have been extensively used as anticoagulants. They have also been used in sunscreens, food flavorings, cosmetics and laser dyes. 

[image: image1.emf]O O

Coumarin


A variety of synthetic routes have been used to make coumarins, but the most widely used reaction is the Pechmann condensation, since it uses very simple and readily available starting materials. The Pechmann condensation is the reaction of a phenol and ethyl acetoacetate with an acid catalyst. The reaction goes through an electrophilic aromatic substitution, Fischer esterification and E1 elimination. The order of these steps is still up to debate.
In this lab you will be reacting resorcinol and ethyl acetoacetate using sulfuric acid as a catalyst to make the coumarin shown below. The product is fluorescent and you will study the effect of the pH on the color of the florescence.
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Chemicals

Ethyl acetoacetate 

Resorcinol 

Concentrated sulfuric acid 

95% ethanol 

Methanol

d6-DMSO

Sodium bicarbonate 

Supplies

NMR tubes

LC vials

1 mL syringes/needles

1-dram vials

Caution: Concentrated sulfuric acid is extremely corrosive. If you get any on you immediately flush with water. If you spill any notify your TF and neutralize with sodium bicarbonate. Do not clean up with paper towels.
Procedure adapted from: Waiker, D.K; Karthikeyan, C.; Poongavanam, V.; Kongsted, J.; Lozach, O.; Meijer, L.; Trivedi, P. Bioorganic & Medicinal Chemistry 2014, 22, 1916-1928.
Hazards: resorcinol, ethyl acetoacetate, sulfuric acid

Add resorcinol (4.54 mmol, 1 equiv) and ethyl acetoacetate (1 equiv) to a 3 mL conical vial with a spin vane. Stir the mixture 10 min at 90 °C in a water bath.  Add concentrated H2SO4 (0.11 mL) very slowly dropwise. Start by adding one drop, then wait until the reaction is bubbling less vigorously then add another drop and continue until all of it has been added. Stir the mixture at 90 °C for 1 hour.

$@@
Cool the mixture to room temperature. Set-up a vacuum filtration and use 10 mL of distilled water to help aid in the transfer of the solid to your funnel. Pull vacuum through your product for a couple of minutes to dry your solid. Transfer your product to a 25 mL Erlenmeyer flask and recrystallize with 95% ethanol. @Vacuum filter your crystals and wash them with 5 mL of cold 95% ethanol. Pull vacuum through your product for at least 5 minutes to dry your solid and transfer to a tared glass vial. $$@@
Analysis: Record the mass of your final product. Obtain a 1H NMR in d6-DMSO, IR, and LC/MS (3-5 drops of your NMR sample dissolved in methanol) to fully characterize your product. $$@@
Fluorescence

To observe fluorescence, dissolve a small amount (20 mg) of product in 2-3 mL of ethanol (95%) in three test tubes or scintillation vials. Alter the pH of two of the samples by adding 2 mL of a 10% HCl solution in one and 2 mL of a 10% Na2CO3 solution to the other. Place samples under a UV lamp and record your observations.
Pre-Lab Assignment:
These questions need to be answered in your lab notebook before you come to lab.
1) What are the key signals in the IR and NMR that would change converting the starting material to product?
2) Why do you rinse your crude product with water?
3) Why does the color of the fluorescence change when you add base or acid to your coumarin product?
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