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Special Topics in Fine Chem & Polymers 2007 Final Exam  Student ID #          Name          
Total 240 points. Write your answers in the space provided. If you need more space, write on the back.

1. (125 points) (a) (3 x 15 points) Predict whether the following cycloaddition reactions are thermally allowed or forbidden by employing each of the three mechanistic rationales, i.e., frontier molecular orbitals, orbital correlation diagrams, and basis orbital sets (transition state aromaticity).  

[image: image1.emf]+



(1)

+



(2)


(b) (15 points) The thermally forbidden cycloaddition in (a) can be made an allowed reaction by irradiating the reactants under light. Explain why the thermally forbidden reaction is allowed under the photochemical conditions. What do you think will happen if the other thermally allowed cycloaddition in (a) is exposed to the light irradiation and why? [Hint: As learned in the UV/vis spectroscopy, the light irradiation on a double bond excites one of the  electrons on its HOMO into its LUMO.]
(c) (15 points) The thermally forbidden cycloaddition in (a) can become a thermally allowed reaction by introducing a certain functional group into one of the reactants. What kind of the structural change is necessary to make it possible and why?
(d) (15 points) Even the thermally allowed cycloaddition in (a) requires quite high temperature (> 500 oC) for the reaction to occur. Why? Do you think that addition of an acid catalyst can lower the reaction temperature? By what structural change(s) can the reaction be accelerated? Explain both, too.
(e) (15 points) Predict whether the following cycloaddition reactions are allowed or forbidden based on the orbital correlation diagram.
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(f) (20 points) It is well known that cycloaddition reactions proceed by a concerted mechanism. How can you prove it in terms of each one of the following aspects; stereochemistry, thermodynamic data, kinetic isotope effect, and solvent effect?
2. (20 points) Explain the different stereochemical results in the following reactions of A and B. Predict also the stereochemistry of the expected major product from the reaction of compound C.
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3. (15 points) The following cycloaddition reaction results in a mixture of isomeric products. How many isomers can be produced in principle? Explain.
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4. (15 points) An enantiomerically pure compound D shown below loses its optical activity upon heating. Provide a mechanistic explanation for this observation.
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5. (15 points) The following compound ‘bullvalene’ shows a single peak at 4.22 ppm on its 1H NMR spectrum at 10 oC. Explain. What is this phenomenon called?
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6. (2 x 15 points) Rationalize each of the following reactions.
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7. (20 points) Write the structure of the expected major product for the following reaction. What is the reaction called? How can you prove the reaction does not occur intermolecularly but intramolecularly. Propose one experimental way to support the intramolecular nature of this reaction. 
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