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Problem 1  (10 points; A & B = 3 points each, C = 4 points)  
 
(A) When benzene is protonated, the cyclohexadienyl cation is formed. This species 
 is also known as the benzenium ion, and has the formula C6H7

+. Draw the 
 structure of this cation, including all reasonable resonance forms. 
 
 
 
 
 
 
 
 
 
 
 
 
(B) How many !-electrons does this cation contain? What is the hybridization state of 
 the protonated carbon atom? Is this ion conjugated, or aromatic, or both? 
 
 
 
 
 
 
 
 
 
 
 
 
(C) Draw a picture of the HOMO for the benzenium cation? How many nodes does 
 this orbital have? 
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Problem 2  (8 points) 
 
Molecule A (C8H16) reacts with Br2 to give a meso product, B (C8H16Br2). Ozonolysis of 
A followed by dimethyl sulfide workup yields only a single product, C (C4H8O). Reaction 
of C with sodium borohydride (NaBH4) gives a racemic mixture of (S)-alcohol D and its 
enantiomer. Determine the structure of each species A through D. 
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Problem 3  (12 points; A–D = 3 points each)   Predict the major product resulting from 
each of the following reactions. Pay attention to stereochemistry when appropriate. You 
need not show mechanisms, intermediates or minor products. 
 
 
(A) 

    
 
 
 
 
 
 
(B) 

  
 
 
 
 
 
 
(C) 

  
 
 
 
 
 
 
(D) 
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Problem 4  (10 points) 
 
Propose a synthesis of the compound shown below from organic starting materials of 
four carbons or less, and any needed reagents. Your synthesis will be evaluated on the 
total number of steps, the yield of the individual steps, and their selectivity. 
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Problem 5  (10 points; A-B = 3 points each, C = 4 points) 
 
(A) Base-catalyzed hydrolysis of esters is sometimes referred to as “saponification” 
 after the traditional process used to produce soap from naturally occurring fats. 
 Write the full mechanism for the hydrolysis of ethyl benzoate (PhCOOEt) in basic 
 water. What feature of the products helps drive this reaction to completion? 
 
 
 
 
 
 
 
 
 
 
 
(B) Esters can also be hydrolyzed under acidic conditions. When ethyl benzoate is 
 reacted with acid in 18O-labelled water (i.e., 18OH2 instead of the usual 16OH2), 
 18O is found only in the product carboxylic acid, and not in the alcohol. Write a 
 detailed mechanism consistent with the observed labeling. 
 
 
 
 
 
 
 
 
 
 
 
(C) When a t-butyl ester, such as t-butyl benzoate, is hydrolyzed in 18O-labelled 
 acidic water, the label ends up in the alcohol, but not in the carboxylic acid. 
 Propose a mechanism consistent with this result. 
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Problem 6  (10 points; A = 6 points, B = 4 points)  
 
(A) Upon treatment with excess sodium ethoxide in ethanol at 50°C, both molecules 
 P and Q react to form the same major product. Under identical conditions, P and 
 Q react at vastly different rates. What is the product? Which of the two starting 
 molecules reacts faster? Explain the difference in rates. Illustrate your answer 
 with clear drawings of the transition states for reaction of P and of Q. Note -D is a 
 deuterium atom, a heavy isotope of hydrogen. 
 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(B) The reaction rates of the two molecules, performed at the same ethoxide 
 concentration, are in the ratio 100,000 to 1. Estimate the difference in activation 
 energy. Note the gas constant (R) is 1.987 cal/mol/K, and 0ºC = 273.15 K. 
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Problem 7  (10 points; A & C = 3 points each, B & D = 2 points each) 
 
(A) Write the chain propagation steps for the free radical fluorination of methane to 

fluoromethane using F2 as the fluorine source. Compute "HRXN for the overall 
process.  

 
 
 
 
 
 
 
 
 
(B) The F–F bond in F2 is very weak at 38 kcal/mol with respect to homolytic cleavage. 

Why do you think this bond is so weak? What effect does this bond strength have 
on the thermodynamics of radical fluorination in part (A) ? 

 
 
 
 
 
 
 
(C) When heated in the presence of a peroxide initiator, styrene (“vinyl benzene”, or 

Ph-CH=CH2) polymerizes to form polystyrene. What is the structure of the 
“repeating unit” for this polymer? Write the curved arrow mechanism for a single 
elongation (propagation) step. 

 
 
 
 
 
 
 
 
 
(D) Polystyrene tends to form a “head-to-tail” polymer, with phenyl groups substituted 

on alternate carbon atoms along the polymer chain. Suggest two reasons why it is 
rare for the polymer to have phenyl groups on adjacent carbons of the chain. 
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Problem 8  (10 points) 
 
Farnesyl pyrophosphate is produced from isoprene in both plants and animals, and is 
the biosynthetic precursor of a large family of interesting organic molecules. Provide a 
detailed curved arrow mechanism for the transformation of farnesyl pyrophosphate into 
cryptomeridiol. Hint: The overall process can be viewed as loss of pyrophosphate ion 
via “solvolysis”, followed by reaction of the resulting carbocation. 
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Problem 9  (8 points; A & B = 4 points each)    
 
(A) Shown below are three similar structures, all of formula C9H16O2. At room 
 temperature, where relatively low energy conformational barriers are freely 
 crossed, what kind of isomerism is represented by structures F and G ? Similarly, 
 what is the relationship between structures G and H ? Hint: Build models ! 
 

           
 
 
 
 
 
 
 
 
 
 
 
 
(B) Based on hyperconjugation arguments, which of the three specific structures 
 from part (A) is expected to be the most stable? Using one of the structures to 
 illustrate your answer, draw and label the orbitals involved in a hyperconjugative 
 interaction. 
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Problem 10  (12 points; A = 4 points, B = 8 points)    
 
(A) Sperm whales eject intestinal slurry into the ocean, where it hardens and collects 

along the shoreline as waxy, flammable “rocks” called ambergris. Ambergris is 
highly prized in the perfume industry, and can be worth up to $4000 per ounce.  

 
 One component of ambergris is #-ambrinol, which has been synthesized via an 

intramolecular Diels-Alder reaction. Draw the structure of the precursor molecule, 
K, that undergoes a Diels-Alder reaction to form #-ambrinol.$

 

     
 
 
 
 
 
 
 
(B) Complete a synthesis of #-ambrinol by showing how the Diels-Alder precursor K 

can be prepared from starting materials containing four carbon atoms or less. 
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