First Day: Resolution of Ibuprofen: Isolation of Ibuprofen
During this lab period you will begin the chiral resolution of store-bought ibuprofen. A resolution is the process of separating out the two enantiomers in a sample that is a racemic mixture. Ibuprofen that is sold to consumers is a racemic mixture of ibuprofen along with filler material, coating or capsule material. Only one enantiomer of Ibuprofen is biologically active in the human body. The human body produces an enzyme that can convert the inactive enantiomer into the active enantiomer. We are going to to isolate the active enantiomer of Ibuprofen. The resolution is a three-lab period module.
2. Read the original literature paper for this experiment: Ibuprofen Literature Paper.pdf[image: Preview the document]
3. Read the rest of this page.
4. Write the following melting points down in your lab notebook to refer to for the next three lab periods. Diastereomeric salt: 173-175 oC, racemic Ibuprofen: 77-78 oC and S-(+)-Ibuprofren: 49-53 oC. You should also be familiar with what IR bands are diagnostic for Ibuprofen. Draw the structure of Ibuprofen in your lab notebook and look at the structure for functional groups. 
During Lab
Isolation of Ibuprofen Procedure
1. Obtain 15 ibuprofen tablets (this is 200mg of ibuprofen per tablet). 
2. Place the tablets in a 50 ml beaker equipped with a stir bar and add enough acetone to submerge them completely, which is about 25 mL. 
3. Stir the tablets at room temperature in the acetone for 15-20 minutes. Make sure that you have vigorous stirring. There will be two magnetic stir bars to use in the hood
Workup for Isolation of Ibuprofen
4. Remove all acetone insoluble components via vacuum filtration in to a CLEAN AND DRY vacuum flask.  Make sure you add a small amount of acetone to wet the filter paper before you start filtration. Pour in the sample slowly. Rinse the solid with two 5 mL aliquots of acetone.  You are saving the liquid and discarding the solids. Discard the solids in the waste container in the hood.
5. Transfer the filtrate to a tared 100 mL round bottom flask.
6. Concentrate the ibuprofen by rotary evaporation.  Do not do the rotary evaporation yourself. Your TA will rotovap your sample.
7. Record the mass of the crude ibuprofen collected.
8. Calculate the % recovery (assume each Ibuprofen tablet contains 200 mg Ibuprofen) of Ibuprofen isolation.
9. Characterize the crude ibuprofen by melting point and IR spectroscopy. 
After Lab
Complete the Ibuprofen Post Lab and upload before the due date.
2nd Day:Resolution of Ibuprofen: Formation of Diasteromeric Salt
Introduction
During the first period you isolated ibuprofen from the tablets. At this point you have a sample of racemic Ibuprofen. When you react this sample with S(-)-phenylethylamine (this is a pure enantiomer of phenylethylamine) only the S version of Ibuprofen will form a salt. The salt has two stereocenters so the formed salt is SS. The diastereomer salt RS does not form. After you have isolated the salt during the next period you will recover enantiomerically pure (+)-(S)-ibuprofen by reacting this salt with acid to get back the pure enantiomer of S-(+)-Ibuprofen and the S-(-)-phenylethylamine. The fourth period of the block you will be using polarimetry to assess the success of your chiral resolution by determining the enantiomeric excess and optical purity of your sample.
The referenced paper does not make it clear what is happening with the salt formation. You should notice that you are using only half the number of moles of amine compared to the moles of ibuprofen you have. Only one diastereomer salt is formed. This uses up all the amine. For a salt to be insoluble in a solvent the ion pair forms and then precipitates out. If a salt is soluble the individual ions are separated by solvent molecules and are not connected. One diastereomer salt is soluble. This means that the protonated amine and the carboxylate anion are not connected. Each are just ions surrounded by solvent molecules. All of the protonated amine gets used up forming the diastereomer that is insoluble. The main problem is that the (S,S) salt is quite insoluble and the (R,S) salt is not completely soluble so there can be some contamination.
Before coming to lab.
1. Read about reflux in the lab notebook
2. Re-read the literature paper. Ibuprofen Literature Paper.pdf
The information you need about the substances used in this lab is shown below. The squiggly line for the methyl group in Ibuprofen indicates both the R and S Ibuprofen.
3. Draw the reaction between Ibuprofen and S-(-)-phenylethylamine to form the diastereomeric salt in your notebook.
Table 1. Chemical Information for the Formation of Diastereomeric Salts.

4. Write the names and Draw the structure of the resolving agent you will be using in your lab notebook. You will also need to write down the density and hazards for this reagent.
Table 2: Chemical Information for Solvents

5. Read the rest of the page and the entire procedure below.
6. If you didn't last week, Write the following melting points down to refer to your lab report. Diastereomeric salt: 173-175 oC, racemic Ibuprofen: 77-78 oC and S-(+)-Ibuprofren: 49-53 oC. You should also be familiar with what IR bands are diagnostic for your products. 
7. Take the quiz. The quiz is open book, so it is assumed that you have all your materials with you when you are taking the quiz. You need to get a 70.00% to come to lab. Module 4 Quiz Week 2
During Lab
 Formation of Diastereomeric Salt Procedure (This is a reaction you are running)
1. Add 30 mL of 0.25 M sodium hydroxide to the round bottom flask containing the crude ibuprofen. How many moles of Ibuprofen do you have? The amount above is based on obtaining 100% recovery of Ibuprofen. Adjust the 30 mL of NaOH to account for your % recovery. Use DI water to bring the aqueous volume to 30 mL
2. Equip the round bottom flask with a Claisen head for a thermometer and condenser as well as a stir bar. 
3. Heat the solution using a heating mantle to an internal temperature between 75 and 85 degrees Celsius while stirring.  (Monitor the temperature by ensuring the thermometer bulb is a quarter of an inch away from the bottom of the flask). 
4. Once the appropriate internal temperature is attained tell your TA. Your TA will check the pH of the solution, and make sure it approximately 6, then add 0.9 mL of S-(-)-α-phenethylamine (also known as L-(-) alpha-methylbenzylamine) slowly, by removing the thermometer and adding it through the adaptor.  Precipitation will form almost immediately. How many moles of the amine were added? Which species is the limiting reagent? If you do not have an immediate ppt and your pH is too high your TA will add drops of concentrated sulfuric acid. The acid reduces the pH to the correct range (~7).
5. Continue heating the mixture between 75 and 85 degrees for 3-5 minutes while stirring. 
Workup for the Formation of the Diastereomeric Salt
6. Remove the flask from heat and allow it to cool to room temperature. 
7. Collect the salt by vacuum filtration using a Buchner funnel, washing the solid with a small amount (2-3 mL total) of ice cold water. Add a small amount of ice cold DI water to wet the filter paper. Pull out the stir bar with the tweezers, rinse the stir bar with water and keep for the next reaction.
8. Record the mass of the obtained salt. Calculate the % yield of salt formation. Either the amine or Ibuprofen is the limiting reagent. Which one is it? Obtain a mp of the product. Store your sample for the next laboratory period
 
3rd Day: Resolution of Ibuprofen: Recovery of Enantiomerically Pure Ibuprofen
Introduction
During the first period you isolated ibuprofen from the tablets and formed the diastereomeric salt. The salt has two stereocenters so the formed salt is SS. The diastereomer salt RS does not form. This period you will recover enantiomerically pure (+)-(S)-ibuprofen by reacting this salt with acid to get back the pure enantiomer of S-(+)-Ibuprofen and the S-(-)-phenylethylamine. Next period you will be using polarimetry to assess the success of your chiral resolution by determining the enantiomeric excess and optical purity of your sample.
Before coming to lab.
1. Re-read the literature paper. Ibuprofen Literature Paper.pdf[image: Preview the document]
The information you need about the substances used in this lab is shown below. The squiggly line for the methyl group in Ibuprofen indicates both the R and S Ibuprofen.
Table 1. Chemical Information for the Formation of Diastereomeric Salts.

2. Write the names and Draw the structures of the solvents you will be using in your lab notebook. You will also need to write down the densities and hazards for these solvents.
Table 2: Chemical Information for Solvents

3. Read the rest of the page and the entire procedure below.
4. If you didn't last week, Write the following melting points down to refer to your lab report. Diastereomeric salt: 173-175 oC, racemic Ibuprofen: 77-78 oC and S-(+)-Ibuprofren: 49-53 oC. You should also be familiar with what IR bands are diagnostic for your products. 
During Lab
Recovery of (+) (S) Ibuprofen from the Diastereomeric Salt Procedure (This is a reaction)
1. Transfer the salt to a clean 50 mL beaker equipped with a stir bar.
2. Add approximately 25 mL of 2M H2SO4. 
3. Heat the solution gently on the hotplate while stirring, until all of the crystals dissolve and leave behind thick oily droplets suspended in the top of the solution.
Workup for the recovery of (+) (S) Ibuprofen
4. Remove the stir bar, rinse it with acetone, and return it to your TA. Meanwhile, allow the mixture to cool.
5. Transfer the mixture to a separatory funnel and extract the aqueous layer with approximately 15 mL of ethyl ether three times. The ethyl ether layer (organic) will be on top. Your TA will demonstrate how to use a separatory funnel during recitation.
6. Combine the organic layers from the three extractions and wash with approximately 1 X 15 mL of water in the separatory funnel.
7. Discard the aqueous layer from the wash with water, then wash the organic layer with approximately 1 X 15 mL of saturated sodium chloride solution in the separatory funnel.
8. Transfer the final organic layer to a beaker, add a small amount of anhydrous magnesium sulfate and dry until you see the snow globe effect. Keep your beaker covered with a watch glass.
9. Gravity filter the ether solution into a tared round bottom flask.
10. Hand your round bottom flask to your TA to rotovap. The product will probably be a semi solid oily mess. Scratch it with a glass rod to get the product to crystallize. Whether or not your product is fully solid will not affect polarimetry.
11. Mass the flask and obtain the mass of the product.
12. Obtain a melting point of your product and compare to the literature value.
13. Obtain an FTIR of your product.
[bookmark: _GoBack]Last Day:Resolution of Ibuprofen: Stereochemistry and Optical Activity
Introduction
Today you will be doing polarimetry to assess the optical purity of your isolated optically active Ibuprofen.
Before coming to lab.
1. Read about, polarimetry and enantiomeric excess in the lab notebook.
During Lab
1. Add 100 mg of your product to a 10 mL volumetric flask. Dilute to the mark with 95% ethanol. If you do not have 100 mg use less and adjust your concentration calculation. Your TA will run the polarimeter. The polarimeter will give you a rotation, you will need to use the formula to relate your observed rotation to absolute alpha. This will give you your observed absolute alpha.
2. Once you have the observed absolute alpha calculate enantiomeric excess and optical purity. These equations are in your lab notebook.
3. Calculate % yield of recovered (S)-(+) Ibuprofen from original the 15 tablets of Ibuprofen (what should the theoretical yield be?).
4. Finish any lab work from the previous two weeks.
5. Finish the stereochemistry and optical activity worksheet. Turn in at the end of class.
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