
  

  

Chem 2600 Final Exam 2003, April 16 th, 9:00 am to 12:00 am 
You are permitted the use of a model kit.  No other aids, including a periodic table are allowed.  A periodic 
table and a table of pKas appears at the end of this paper.  Answer all questions in this booklet.  Print and sign 
your name below.  Your signature indicates that you agree not to divulge or discuss the contents of this exam in 
any way until the final marks have been released. 
Name:       Signature:        
Question One (4 marks) 
i) Benzylic geminal dibromides are easily prepared and can be hydrolyzed to aldehydes under SN1 
conditions.  Propose a mechanism for the hydrolysis. 

 
 
 
 
 
 
 
 
 
 
ii) Trihalides also react under these conditions.  What is the product?  (No mechanism required.) 
Question Two (3 marks) 

i) One of the carboxylic acid derivatives shown to the right 
can be prepared from the other.  Give the mechanism of 
this reaction using the appropriate nucleophile. 

 
 
 
 
 
 
 
ii) Which of these two molecules is more reactive?  Explain. 
 
 
 
 
 
 
 
 
 
iii) Aldehydes and ketones do not undergo acyl substitution reactions.  Why not? 
 
 
 
 
Question Three (3 marks) 
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When crystals of the optically pure sugar molecule below are freshly dissolved in water, the resulting solution 
rotates plane polarized light by 18.7°.  Over time, this rotation increases to a value of 56.8°.  Explain what is 
happening and include the relevant structures. 
 
 

Question Four (4 marks) 
Propose a mechanism for the following transformation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Question Five (6 marks) 
 Of the following solvolysis reactions (SN1, you will recall), Reaction 1 occurs much faster than Reaction 2.  
Making reference to the mechanism and intermediates involved in both cases, rationalize the difference in the 

rate of these reactions. 
 
 
 
 
 
 
 
 
 
Question Six (3 marks) 
i) Propose a mechanism for the following acid-catalyzed reaction. 
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ii) What factor(s) drive this reaction to the product side? 
 
 
 
iii) If the reactant of the above reaction is heated to a sufficiently high temperature, it undergoes a retro (i.e. 

reverse) Diels-Alder reaction.  Give the structure of the products. 
 
 
 
 
 
 
iv) Why does high temperature bring about retro Diels-Alder reaction? 
 
 
 
 
 
 
Question Seven (4 marks) 
The molecules to the right are imidazole (the business end of the amino 
acid histidine) and pyridine.  One of them is 100 times more basic than 
the other.  Which one, and why? 
 
 
 
 
 
 
Would imidazole be expected to display aromatic character?  Why or why not? 
 
 
Question Eight (9 marks) 
The following reaction shows the equilibrium between an aldehyde, methanol and an acetal. 
 

i) This equilibrium is reactant favoured.  Why? 
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ii) Why is acid (H+) added to this reaction and how does it affect the equilibrium position? 
 
 
 
 
iii) Give two ways in which this reaction can be driven to the product side.  Be specific as to how this 

accomplished. 
 
 
 
 
 
iv) Give an example of how an acetal can be used as a protecting group. 
 
 
 
 
 
 
 
 
Question Nine (5 marks) 
Give a mechanism for the following reaction. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Question Ten (6 marks) 
The benzene ring of the molecule on the right has a sulfoxide substituent.  The 
following questions deal with the directing properties that you might expect such a 
functional group to have. 
 
i) Give the mechanism for electrophilic aromatic substitution of this compound 

(para, with the generic E+ electrophile) and make a case for this substituent as 
an ortho/para directing group.  Draw all resonance structures that are relevant to your case. 

 
 
 
 
 
 
 
 
 
 
ii) Make a case for this substituent as a meta-directing group.   
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Question Eleven (8 marks) 
Give the structure of the major product of the following Diels-Alder reaction and indicate whether it is the endo 
or exo adduct. 
 

Show that with respect to the HOMO of the diene and LUMOof the dienophile, this reaction is a thermally 
allowed process. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Question Twelve (3 marks) 
Fill in the missing component of the following reactions. 
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Question Thirteen (5 marks) 
Reaction of the optically pure material (of given absolute configuration, middle below) with potassium t-
butoxide gives only the optically pure product on the right.  When reacted in aqueous methanol, all of the 
corresponding elimination product (obtained with SN1 product) is racemic.  Explain the reason behind the 
differing stereochemical outcomes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Question Fourteen:  Syntheses 
DO FOUR OF THE FOLLOWING SEVEN.   

INDICATE CLEARLY WHICH FOUR YOU WISH TO BE MARKED. 
Answer these questions in the booklets provided.  Provide a synthesis of four of the following seven molecules.  
You may use any stable organic molecule containing four carbons or less, benzene and cyclohexanone -- note 
that if you use a Grignard or alkyllithium you must show how it is prepared.  If you attempt more than four, be 
sure to clearly indicate which you want marked.  Be as complete with reaction conditions as possible.  You may 
use common acronyms for reagents rather than formulae. 
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