CHEM 633: Advanced Organic Chem: Physical
Problem Set 8
Due on THURS 11/12/09

1. On Problem Set 7, you considered the Rh(l)-catalyzed hydrogenation of cinnamate A. The following
catalytic cycle has been proposed.
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{a) The asymmetric hydrogenation of A using a chiral diphosphine ligand has an analogous mechanism.

Draw a sef of catalytic cycles that accounts for the formation of both enantiomers. You may depict the
chiral diphosphine generically. n i
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(b) Assuming that the second step (2 —> 3) is rate-limiting and all subsequent steps to regenerate 1 are
rapid an irreversible, write down a rate law for the total reaction rate using the steady-state approximation.
(Hint: Use your "1+’ rate law for the non-asymmetric reaction as a basis; it is not necessary to provide a

new derivation for this rate law.)
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(c) Show that the relative rates of formation of the two enantiomers depends only on [Hz].
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(d) Use the boxed experimental data to determine the enantiomeric ratio expected from a reaction run at
infinitely low [Ha].
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(e) Use the experimental data to determine the enantiomeric ratio expected from a reaction run at
infinitely high [Hs].
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() Explain why it is necessary to use the steady-state approximation (rather than the pre-equilibrium
approximation) to account for the kinetic profile of this reaction.
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2. In the recent literature, please find an example of asymmetric catalysis.

(a) Clearly draw the model the authors propose (or that you propose) to explain the observed
enantioselectivity.

(b) Please label the 3 (or more) interactions that lead to different energies for the diastereotopic transition
structures.

(c) Attach the first page of the article to your problem set.
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3. Please draw a Woodward—Hoffmann molecular orbital correlation diagram for the following reaction
and use it to predict the stereochemistry of the product (stereocenters are starred).
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4. Please propose an arrow-pushing mechanism for the following transformation. Name and classify each
1 igg bt pericyclic reaction you propose and predict the stereochemical outcome.
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5. Please suggest of mechanism for the following transformation. Your mechanism should be consistent
with the observed stereochemistry of the product. Please name and classify each pericyclic reaction of
your mechanism.
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