Exam 2




Name:_____________________________

April 24, 2007



I agree to observe the Wake Forest 

Chm 122




Honor Code during this exam.

75 minutes

100 points

Instructions:  There are 10 questions and one bonus problem 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.  Lengthy answers are not necessary; answer each question as briefly as possible.

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.  Provide a detailed and complete mechanism for the major product.  Identify the type of mechanism of this reaction.  If your intention was to prepare the minor product, instead, what change would you make to the reaction conditions?  12 points
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Methoxide is a strong base and good nucleophile.  At 75 C, E2 will be favored, especially with a 

secondary chloride.  So the alkene is the major product.  Had you desired the Sn2 product, you should 

have run the reaction at a cooler temperature, preferably as cold as would allow the reaction to proceed.

You couldn't have used a weaker base and still made the same Sn2 product.  However, you could 

have used the following reaction, in which the nucleophile and electrophile were switched (see the Potter 

problem).
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Mechanism:

H

E2 is ONE step - there should be no intermediates.

If you indicated the Sn2 product was the major product and drew a correct

Sn2 mechanism, you only lost points for choosing the wrong product.


2.  The following compound does not undergo either SN1, SN2, E1 or E2 reactions.  Why?  8 points 
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The chloride is on a tertiary carbon and, therefore, Sn2 is precluded due to the inability of nucleophiles to approach from the backside.  That is made worse in this compound by backside approach requiring a nucleophile to come through the opposite carbon.  Sn1 is precluded due to the inability of the carbon bearing the leaving group of becoming planar – required for a carbocation intermediate.  If that carbon were planar, the rest of the molecule would be terrifically strained.  Note that sterics play no role in the Sn1 reaction.  Inability to form a cation also precludes E1.  The inability for the carbon with the chloride of becoming planar also rules out it participating in an alkene (sp2 hybridization, trigonal planar).  This rules out E2 (and E1), which can also be ruled out due to there being no anti-periplanar beta-proton.  (There are, however, beta protons).

For full credit, you must address each of the four mechanisms.  Not being able to do Sn2 doesn't mean a compound couldn't do Sn1, etc.

3. Draw the major product in each of the following reactions. You need not identify or show mechanisms or minor products.  24 points
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4.  Draw a mechanism that explains the formation of B and C when A is treated with conc. sulfuric acid.  12 points
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This reaction involves serial protonation, elimination.  A hydride migration can also be invoked.
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5. Professor Snape asked several students to synthesize molecule D.  The reactions they chose are shown below.  Only one is likely to give D in reasonable yield and purity.  Who obtained D in the highest yield with the best purity (both in terms of other products and stereoisomers)?  Which student obtained a nearly pure stereoisomer of D?    Explain your answer.    10 points
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Harry's reaction would give D via an Sn2 reaction.  However, with a strong base and a secondary bromide at 100 C, E2 would be heavily favored.  Thus, while Harry may have gotten some D, he would mostly have gotten cyclohexadiene.  Ron did an E1/Sn1.  Again, E1 would be favored but even if he got any D, it was racemic.  Hermione failed to include a leaving group in her reaction and nothing happened.  That leaves Neville and Draco.  Each did a reaction that can ONLY be Sn2 (no beta protons – the Br is the LG now!).  Draco assumed inversion of stereochemistry, which is a feature of Sn2.  However, only the carbon with the LG gets inverted.  Thus, Draco got the enantiomer of D (the chiral carbon with the oxyanion DOES NOT invert).  Neville got the correct product in good yield and with the correct stereochemistry.  Sn2 attack of Neville's oxyanion on the benzylic carbon with the Br gives D without possibility of elimination or inversion of the chiral carbon.
You-know-who, of course, took the opportunity to make an explosive.

6. Circle the faster reaction in each pair.  12 points
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        bottom reaction – more electron rich alkene
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top reaction–aromatics don't do typical alkene reactions
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  bottom – iodide much better LG than fluoride
7.  Write the rate equation for the following reaction. 6 points 
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rate = k[propyl bromide][sodium t-butoxide]            this is an E2 reaction (the 2 indicates a 

                                                                                     bimolecular reaction
8.  Draw the transition state of the reaction shown in #7.  6 points
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     Simultaneous abstraction of proton, formation of alkene and cleavage of C-Br bond.  Overall charge of the TS is negative.  Proton and Br must be anti-periplanar.
9.  Show how you would carry out the following transformation using reactions you've learned so far in Chm 122.  You may use as many reactions as you need (the three arrows are not, necessarily, a hint).  5 points
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10.  Mal tries to do the following reaction.  He starts with E that is 100 %ee.  He successfully obtains F in only 38% yield.  Furthermore, his product is only 62 %ee.  Zoe laughs at him.  Explain the low yield and loss of stereochemistry in Mal's reaction.  5 points
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The low yield is due to use of a strong base at slightly elevated temperature.  A lot of elimination would occur, which would reduce the yield of the substitution product.  The loss of stereochemistry in the substitution product can only be the result of a mixture of Sn2 and Sn1 mechanisms.  Pure Sn2 would give 100 %ee of the inverted product.  Pure Sn1 would give 0 %ee of F (the racemic mixture).  That the product is somewhere between these values indicate both mechanisms occurred.  
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