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Enantiomeric Resolution Exercise
Required reading:

Bruice, 5th ed: pp. 204 – 224, 232 - 233.
Padías: pp. 54 – 58.
Excercise
Address the questions included in each part directly on these pages, and show all calculations.  No separate prelab or final lab report is necessary.
Introduction
Most common organic syntheses start from achiral materials.  If a chiral product is generated from the reaction of an achiral starting material, a 1:1 mixture of enantiomers (a racemic mixture) results.  For example, addition of HBr to trans-2-butene (an achiral compound) produces racemic 2-bromobutane (a chiral compound):
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Often, it is desirable to separate (resolve) a racemic mixture into its individual enantiomers.  For example, one enantiomer of a particular drug may have activity against a certain disorder, while the other enantiomer may be less active or even harmful.  A drug company may therefore need to make the drug as a racemic mixture, then separate the individual enantiomers so only the active enantiomer will be packaged and sold.  This separation of a racemic mixture into its individual enantiomers is known as resolution.

The resolution of a racemic mixture cannot be accomplished using standard physical means (e. g. distillation, recrystallization, or chromatography), because enantiomers have identical physical properties, except for the direction of rotation of plane polarized light.  Traditionally, the method for resolving a racemic mixture is to react the racemate with an enantiomerically pure compound, called a resolving agent.  Resolving agents are usually a readily available enantiomerically pure natural product.  When the enantiomers that make up the racemate form bonds with the enantiomerically pure resolving agent, a mixture of diastereomers is formed.  Unlike enantiomers, diastereomers have different physical properties (melting point, solubility, etc.) and can be separated by typical physical methods.  Once the diastereomers are separated, the initial reaction is reversed, and the original compound is recovered.
The need for the initial reaction to be easily and controllably reversed effectively limits enantiomeric resolution to the separation of compounds that are either fairly acidic (carboxylic acids) or basic (amines).  The resolving agent must exhibit reactivity (acid/base) opposite to the mixture being resolved in order to form a salt via an acid-base reaction.  The process can be described schematically as follows:

General Enantiomeric Resolution
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Consider the resolution of racemic 2-butanamine using (S)-lactic acid.  2-Butanamine reacts with (S)-lactic acid in water to form a mixture of diasteromeric amine salts.  The diastereomeric salts have different solubilities in water, so upon cooling the solution, the less soluble salt (say the R,S) crystallizes out and is isolated by filtration, leaving the more soluble (S,S) salt in solution.  The (S,S) salt is then isolated by evaporation of the solvent.  The individual enantiomers are then recovered by treatment of the individual salts with aqueous base, which reverses the initial reaction with the resolving agent (a weak acid).

Enantiomeric Resolution of 2-Butanamine
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Part 1
(a) The two enantiomers of N-methyl-3-phenyl-2-propanamine are quite interesting.  The R stereoisomer is used as a decongestant (the “Vicks Inhaler”, for example).  The S stereoisomer is used for, shall we say, other purposes (methamphetamine, a.k.a. “crystal meth”). In the space provided, clearly and thoroughly show and describe how you could resolve racemic N-methyl-3-phenyl-2-propanamine into its enantiomers:
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(b) Propose a short (two or three steps will work in theory) synthesis of racemic N-methyl-3-phenyl-2-propanamine from pseudoephedrine (Sudafed):
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Part 2
(a) The S enantiomer of (6-methoxy-2-naphthyl)propanoic acid is used as an over-the-counter analgesic (Naproxen, a.k.a “Aleve”).  In the space provided, clearly and thoroughly show and describe how you could resolve racemic (6-methoxy-2-naphthyl)propanoic acid:
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(b) The S enantiomer of (6-methoxy-2-naphthyl)propanoic acid has a specific rotation [α] of +66.0o.  Resolution of a sample of racemic (6-methoxy-2-naphthyl)propanoic acid gives two solids, “Sample A” and “Sample B”.  Polarimetry of the two samples using a 0.5 dm tube gives the following results:
Sample A:  1.00 g dissolved in methanol and diluted to 10.0 mL gave 
an observed rotation  of + 3.10°.
Sample B:  1.00 g dissolved in methanol and diluted to 10.0 mL gave
an observed rotation  of – 2.42°.

For both sample A and sample B, determine:
1) The predominant enantiomer

2) The specific rotation
3) The optical purity (enantiomeric excess)

4) The percentage of each enantiomer present in each sample
Show appropriate calculations for each.  The required reading will be helpful.
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