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Substitution of Phenylalanine
Introduction:

In this experiment, L-phenylalanine will undergo diazotization followed by nucleophilic substitution.  By measuring the optical rotation of the product (2-hydroxy-3-phenylpropanoic acid), you will determine its absolute configuration (R or S) and its optical purity.
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Safety Hazards:

Sulfuric acid is corrosive and should only be handled while wearing gloves.  
All reactions involving sodium nitrite must be done under the hood. Sodium nitrite is a strong oxidizing agent and will react with sulfuric acid to form nitrogen oxide which is a toxic, brown gas.  
Experimental Procedure:
Setup your experiment under the hood.  Place 1.65 g of L-phenylalanine and 10 mL of 1M H2SO4 in a 25 mL Erlenmeyer flask.  Stir the solution until all the solids dissolve.  
Cool the solution to 0-5˚C using an ice-water bath.  Monitor the temperature with a thermometer.  Once the solution is cool, slowly add 5 mL of a 3.0 M NaNO2 solution dropwise with stirring - over the course of 45 minutes.  
The rate of the addition must be slow enough to maintain a reaction temperature below 5 ˚C and to minimize the formation of noxious brown nitrogen oxide fumes.  If a significant amount of brown fumes form, slow down the rate of addition.  
Once the addition is complete, allow the reaction to stir at room temperature until the end of the period.  Then lightly cork the flask, label it with your name and leave it under the hood until the next lab period.  
Collecting the Product:
When you return to lab the following week, cool the reaction mixture in ice and vacuum filter to isolate the product.  Rinse the product with ice cold water and allow it to dry until the next lab period.

Analysis of Results:
Determine the yield and melting point of your product.  The literature value of the melting point is 123-125oC.
Determine the observed rotation of your product as follows:

Combine your product with those of your classmates to achieve a total mass of about 8 grams.

Accurately weigh the total mass of the combined products and dissolve the total quantity to the mark in acetone in a 25 mL volumetric flask.  If the resulting solution is cloudy, gravity filter it to remove undissolved solids.
Transfer your solution to a polarimeter tube (make sure all air bubbles are removed) and measure the observed rotation of the product in the polarimeter.  Note whether the rotation is in the (+) or (–) direction.
Convert your observed rotation to specific rotation (see the formula in section 23.2 of the lab text).

Given that the literature value of specific rotation for 2-hydroxy-3-phenylpropanoic acid is 22o, calculate the optical purity of your product (see the formula in section 23.5 of the lab text).  Note that optical purity is a measure of % purity of your product, not an indication of enantiomeric excess.  In other words if your specific rotation is less than the literature value, it is likely that your product is contaminated with materials other than product - not that you have formed a mixture of enantiomers.
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