Exam 2




Name:_______KEY______________________

November 1, 2012




I agree to observe the Wake Forest 

Chm 123





Honor Code during this exam.

75 minutes

100 points

Instructions:  There are 9 questions and 3 bonus problems on the following pages. Check the exam now to be sure that you have these questions. There are three 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.  Draw the anticipated products of the following reaction.  Indicate which side of the equation is favored at equilibrium.  Draw an arrow-pushing mechanism that accounts for the reaction.  Draw a reaction-energy diagram that is consistent with your answers above.  15 points

[image: image1.emf]O

O

H

K

O

HO

K

pKa10

pKa17


2.   Provide a structure for the three products.  Circle the major product. Provide a mechanism for the formation of the major product.  Predict the enantiomeric excess of any chiral product.  18 points
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3. Circle the faster reaction in each pair.  10 points
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4. Draw the major product in each of the following reactions. You need not identify or show mechanisms or minor products but you must include any relevant stereochemistry.  21 points
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5.   Bruce and Clarence each try to make nitrile E.  They each use sodium cyanide but Bruce uses DMF and Clarence ethanol as solvent.  They also choose different alkyl halides.  Bruce gets his product (E) in good yield with complete retention of optical activity.  Clarence is disturbed to discover that his nitrile was not the one expected and was obtained both in low yield and as a racemate (G).  
Use mechanism and structural analysis to explain why Bruce's reaction was more selective and higher yielding than Clarence's and what the major product was in Clarence’s reaction.  
Provide a detailed mechanism to account for G.  10 points
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Bruce set up a classic SN2 reaction – good nucleophile that is not a strong base, polar aprotic solvent.  Thus, he got substitution on the proper carbon with inversion of configuration.

Clarence had a better LG, polar protic solvent which supported ionization.  So, forming a secondary cation adjacent to a benzylic center, he observed hydride migration to give a more stable benzyl cation.  The cation could be trapped by cyanide but with racemization (planar geometry of cation).  Moreover, the cation readily underwent elimination to give the conjugated alkene(s).

6.  Use the data below to answer questions a-e.  10 points
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a) Place A, C, D and F on the reaction energy diagram.
b) Which is the rate determining step? 
Step 2


c) Which intermediate does the highest point on the diagram most look like? 
D

d) At equilibrium would the products or reactants be favored? 
Products


e) Circle the rate law that best fits the reaction energy diagram (r = rate).
r = k[A][B]2[C]          r = k[C]2           r = k[A][B][C][D][E]           r = k[A][B]            r = k[A][B][E]
7.  The alkyl bromide 1 can be used to prepare each of the three products (2-4) shown.  Indicate the conditions and mechanism type best suited to each product.  6 points
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2 – E2, which requires anti-periplanar H.  There is no anti-periplanar H on the more substituted C.
3 – E1, which will give the most stable alkene (which is 3, due to higher substitution).

4 – Sn1.  It’s a substitution reaction and because the LG is on a tertiary C, Sn2 is impossible.

8.  Limonene can be converted to -terpinene by gentle heating in aqueous acid.  Provide a mechanism for this transformation.  Why does this equilibrium lie completely to terpinene?  5 points
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9.  Circle the most nucleophilic alkene.  Place a star next to the most electrophilic alkene.  Put an X through the Z alkene.

[image: image10.emf]O

OMe

X

X

*


Bonus (15 pts) -  A reminder: there will  be little partial credit on these problems.
1.  Limonene, mentioned above, is a terpene that is found in the peel of many citrus fruits.  It is most commonly encountered as the R enantiomer (shown).  Limonene is biosynthesized from geranyl pyrophosphate.  Provide a mechanism accounting for the biosynthesis; recall that an enzyme is involved and the reaction occurs in water.  5 points
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2.  When H is treated with sodium acetate in DMF, I is obtained with complete retention of stereochemistry.  In contrast, when J is subjected to the same conditions, K is produced with inversion of stereochemistry in a reaction that is over 106 slower than for the reaction of H.  Provide a mechanism that accounts for these details. 5 points
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3. Draw a mechanism for the following transformation.  5 points
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