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Instructions: 
• This exam paper consists of 10 questions. 
• The exam is worth a total of 50 marks. Most of these marks are for explanation/showing your work rather than for reaching the 

correct answer. Explain all of your answers fully using diagrams where appropriate (a picture really is worth a thousand words!). 
• Marks will be deducted for poorly drawn structures. 
• No calculators allowed.  No other electronic devices can be present with you during the exam unless authorized by the instructor. 
• You may use a molecular model kit. 
• There is a 2-hour time limit. 
• If your work is not legible, it will be given a mark of zero. 
• Read the questions carefully. Good luck. 
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the maximum punishment would include expulsion from this university. 
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1.  Consider the following compound with molecular formula C5H8O2:    [6 marks] 
 
 
 
 
 
 
 
 
(a)  Draw a constitutional isomer that has an approximate pka of 9. 
 
 
 
 
 
 
 
(b)  Draw a constitutional isomer that has an approximate pka of 12. 
 
 
 
 
 
 
 
(c)  Draw a constitutional isomer that has an approximate pka of 20. 
 
 
 
 
 
 
 
 
2. 
(a)  Draw the conjugate base beside each of the following acids.     [4 marks] 
 
 
 
           NH4Cl 
 
 
 
(b)  Draw the conjugate acid beside each of the following bases. 
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3.  For each of the following reactions: 
(i)  Add all lone pairs and identify the acid and base. 
(ii)  Draw the mechanistic arrows showing the proton transfer reaction. 
(iii)  Draw the products of that proton transfer reaction and then predict the position of the equilibrium (reactant 
or product favoured).           [6 marks] 
 
(a) 
 
 
 
 
 
 
 
(b) 
 
 
 
 
 
 
4.  Thiols are good nucleophiles and, like alcohols, can react with carbonyl groups to form hemithioacetals.  

Provide a mechanism using curved arrows to predict the product of the following reaction.  Be sure to 
consider your reaction conditions.        [5 marks] 
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5.  Consider the following Friedel-Crafts acylation reaction: 
(i)  Add all lone pairs. 
(ii)  Add mechanistic arrows to show the flow of electrons. 
(iii)  Label each arrow as either Proton Transfer (P.T), Nucleophilic Attack (N.A.), or Leaving Group Loss 
(L.G.L.)            [5 mark] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6.  Suggest reagents that could be used to synthesize the following molecule in two different reactions; one from 

an aldehyde and one from a ketone.        [6 marks] 
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7.  For each of the following reactions, provide the missing reagents or products.  [4 marks] 
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8.  For each of the following reactions, fill in the missing organic starting reagents.  [4 marks] 
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9.  Predict which of the following compounds is more acidic and explain your choice. [5 marks] 
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10.  Under acidic conditions, D-ribose is converted to the hemiacetal, D-ribofuranose.  Use curved arrows to 
draw a plausible mechanism for the following reaction.   Be sure to consider your reaction conditions. 
             [5 marks] 
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