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Honor Code during this exam.
75 minutes

100 points

Instructions:  There are 9 questions and two bonus problems on the following pages. Check the exam now to be sure that you have these questions. There are two blank pages to be used as scratch paper at the end of the exam. You may remove these pages, as needed, but all answers must appear on the same page as the question and, where appropriate, in the designated space.  

Write your name, clearly, in the space provided above.

Questions may contain several parts.  Be sure to completely read each question so that you answer all parts!  

Do not hesitate to ask a question if it arises.  

Clearly answer each question - if it is unclear what you intended to answer, the problem will be counted wrong.  You have 75 minutes to complete the exam.  I advise that you work through the exam once answering what you know and save problems you are unsure of for the end of the period.  Exams will be collected, promptly, 75 minutes after they are distributed.

You are expected to abide by the Wake Forest University Honor Code and the rules of decency.  Any violations of the Honor Code will be pursued through all necessary means.

Good luck.
1.  When the alcohol shown below is dissolved in concentrated sulfuric acid, three isomeric alkenes are produced.  Provide a detailed mechanism (arrow-pushing that accounts for all electron movement) that explains the production of all three products.  Circle the major product?  What rule governs which is the major product?    13 points
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Zaitsev's Rule.  B or C is the major product (either accepted – both tetrasubstituted alkenes).

2.  Clearly indicate the major organic product of each reaction.  Be sure to include all relevant regio- and stereochemistry.  Indicate, but do not draw, the mechanism that produces the major product (SN 1/2, E 1/2).  30 points
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[image: image14.emf]     hydrogenation
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3.  When A is dissolved in dilute aqueous acid at room temperature, it is slowly converted to a mixture in which B is 96% of the material (with A being the remainder).  A and B can be separated by chromatography.  In the absence of acid, A does not react to give B.  A and B can be distinguished by NMR.  When either A or B is dissolved in dilute acid that is boiling, C is produced.  

Draw the structure of B and C.  Explain the production of B, why B is the predominant part of the A/B equilibrium and why C is observed when the temperature is increased.  What is the isomeric relationship of A and B? 12 points
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A and B are diastereomers; B is favored because the two biggest groups

(phenyl and t-butyl) are equatorial whereas in A, one must be axial.

C is favored at higher temperature because elevated temperature favors

elimination.


4.  Indicate the E/Z stereochemistry, if any, of each alkene.  Identify which alkene is the most electron rich and which is the most electron poor.  8 points
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* if an alkene has two identical groups but they are on different carbons, the alkene can

be E or Z (for example, the e- poor alkene above: it has two Hs but the Hs are on 

different carbons).  Only when the two identical groups are on the same carbon is there

no useful designation of E and Z (the rightmost alkene above).


5.  Circle the fastest reaction in each pair (consider only the reaction shown).  12 points
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6.  Dr. Horrible spent several weeks carefully preparing optically pure (100% ee) Wonderflonium.  Before using the Wonderflonium, he went to do his laundry.  While he was away, Captain Hammer thwarted his plans for Wonderflonium by dissolving it in acetone and adding a tiny pinch of sodium iodide (NaI).  When Dr. Horrible returned, he found the Wonderflonium to be racemic and therefore ruined.  He vowed revenge.
Draw a mechanism and give an explanation as to how the sodium iodide racemized the Wonderflonium.  4 points
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you have conditions that favor Sn2.  Iodide is a good nucleophile;

backside attack gives the enantiomer of wonderflonium.  

Imagine that you start with 100 molecules of wonderflonium and all 

are R - the first Sn2 takes that to 99:1 R:S.  The LG in the reaction is 

also iodide so it can do an SN2 as well.  It has a 99% chance of 

attacking an R molecule.  Eventually the mixture will be 50/50 as both 

R and S are equally stable.

However, SN1 also provides a reasonable explanation and the LG is on a secondary carbon so 

although it doesn't fit as precisely, I gave most of the credit to SN1 as well.


7.  Draw the product(s) of the following acid/base reaction.  Provide a mechanism for the forward and reverse reaction.  Indicate in which direction the equilibrium lies.  Draw a reaction energy diagram that accurately depicts this reaction and identify where on the diagram the transition state occurs.  Does the transition state more closely resemble the left or right set of compounds? 12 points
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8.  Butch and Sundance attempt the following elimination.  Butch uses KOtBu in tBuOH at 100 °C.  He gets only two products.  Sundance forgets to add the KOtBu and only heats the starting chloride in tBuOH.  He gets all four products.  Explain why Butch only got two products and identify them.  Why did Sundance get all four?  5 points
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Butch did an E2 while Sundance did an E1.  E1 has no stereochemical requirement: chloride is lost to 

give a cation and then either H or D can be lost.  In the E2, however, an anti-periplanar proton (or deuteron) 

must be lost with the chloride.  Draw Newmann projections to figure stereochemistry of the resulting alkene:
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the molecule must rotate around a CC bond to put the 

H anti to the Cl.  Loss of HCl from this conformation would

result in the phenyl and propyl being cis.  Thus, Butch's alkene

with a D would have to be cis (Z).


9.  The rate equation for the following transformation is shown below the reaction.  Draw a mechanism that accounts for this data.  4 points
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The rate equation tells you that both nucleophile and electrophile have to be involved in, or before, the rate determining step.  This strongly suggests that all bonds are broken/created simultaneously as in the Sn2 and E2 reactions.  Therefore:
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