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Graduate course "Topics in Stereochemistry" (10 weeks)
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Resolution by Chiral Chromatography
Chromatographic methods which utilize chiral packing materials have long been the preferred way
to analyze optical purity (HPLC, GC, etc.). Rather than being limited to small, analytical samples,
however, chiral chromatography can be extended to a large scale for purification purposes (called
preparative chromatography). In this manner, enantiomers can be resolved in a commercial
environment (gram to kilogram scales). An advantage to chromatographic resolution is being able
to obtain BOTH enantiomers in high yields and high optical purity.

A promising, high-throughput technique is simulated moving bed (SMB), which utilizes a series of
columns arranged in a circle. The packing material is very expensive ($8,000/kg) but solvent is
conserved compared to typical elution chromatography.

eluent (solvent)
continuously
travelling

sample is injected
(also can be removed)a series of columns

with chiral packing
material are arranged
in a circle

chiral stationary phase

racemate single enantiomer
with lower retention

(extract)

single enantiomer
with higher retention

(raffinate)

direction of travel

bolus

The racemic sample is injected and separation of the enantiomers begins but the process is never
complete. The location of the bolus is tracked by computer software. Purification is achieved when the
operator removes a small amount of the leading enantiomer (extract) and the trailing enantiomer
(raffinate), while injecting some more of the racemate into the center of the bolus. Such continuous
purification can resolve up to several kilograms per day.

Simulated Moving Bed (SMB) Chromatography
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Resolution by Enzymatic Methods

Enzymes can be used to separate enantiomers by preferentially reacting with only one enantiomer
(called a kinetic resolution). Also, enzymes can sometimes differentiate between enantiotopic
groups. Following are some general features of enzymatic reactions:

economical (PLE ~$0.006/u, where u=amount of enzyme required to transform 1 mol/min
very stereoselective (100% ee)
water buffers as solvents (no organic solvents or chemical wastes; environmentally benign)

advantages:

only works on a limited number of substrates ("designer" enzymes can be developed*)
may be very slow (2 hours – 2 days)
dilute reaction conditions (need large reaction vessels)
product isolation may be difficult (elaborate and expensive)

disadvantages:
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handful of baker's yeast, 1 T sucrose, H2O
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OH horse liver alcohol dehydrogenase
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*Baeyer-Villiger designer enzyme (cyclohexanone monooxygenase spliced into brewer's yeast)
O
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95% ee
79% yield

EtEt
O

Et

98% ee
69% yieldJACS (1998) 120, 3541

*arene dioxygenase (makes catechols) with the dehydrogenase gene disabled (knocked out)
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