
CHM 2120 
Final Exam 

 
 
December 2007        Alison Flynn 
 
 
 
 
 
Time: 3 hours  
 
 
Name: ____________________________________________ 
 
 
Student Number: ___________________________ 
 
 
Circle your section:   A (MRN)   or   B (MNT) 
 
 
Notes: 
 

- The final 2 pages contain a periodic table, a table of IR stretching frequencies, and a 
table of 1H NMR chemical shifts. These pages may be detached. 

 
- A calculator, ruler, and molecular models are permitted  

 
- Total number of pages: 15 

 
- Approximate number of points:  

o The marks are given as a guide and are subject to minor changes 
 
 
 
 
 

GOOD LUCK! 
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1. Name the following molecules using IUPAC nomenclature or accepted trivial names: 
(2 points) 

 
a.   

  
 
   

b.  

   
 

  
2. Draw clear structures for the following molecules: (2 points) 
 

a. (Z)-but-2-enal 
 
 
 
 
 

b.  Methyl 2-hydroxybutanoate 
  
 
 
 

 
3.  

a. Write equations for the following reactions using arrow notation. (2 points) 
b. Will the reaction favour the starting materials or the products? (1 point) 
c. Justify your choice. (3 points) 
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4.  
a. Rank the following molecules in increasing order of reactivity with H2NEt. (3 

points) 
 

 
  ________ < _________ < _________ < __________ 

 
 

 
5. The following reaction won’t work as shown: 
 

 
 
 
 
a. Show what would happen instead. (2 points) 

 
 
 
 
 
 
 
 
 
 

b. How could you obtain the desired product? Show the reagents to be used 
and the structures of any intermediates. (3 points) 
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6.  
a. What are the three criteria for aromaticity? (3 points) 

 
 
 
 
 
 
 
 
 
 

b. Is the following ion aromatic? Explain clearly how you came to this 
conclusion. (2 points) 

        
 
 
 
 
 
 
 
 
 
7. Give a mechanism for each step in the following reaction sequence: (5 points) 
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8. Provide a mechanism for the following reaction: (6 points) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
9.  

a. Provide a mechanism and product for the following reaction (5 points) 
b. Identify and name the key intermediate in the reaction (1 point) 
c. Why is this reaction irreversible overall? (1 point) 
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10.  
a. Provide a mechanism and product for the following reaction: (6 points) 

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b. The yield of this reaction was somewhat low.  

i. Suggest two ways to improve the yield (2 points) 
ii. Briefly rationalize each suggestion. (2 points) 
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11. Give the missing reagent(s) or the major product of the following reactions: (10 
points—2 points each) 
Note: part marks might be given for incorrect answers with plausible mechanisms 
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12. Give the major product of the following reactions: (10 points—2 points each) 
Note: part marks might be given for incorrect answers with plausible mechanisms 
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13. Give the major product(s) of each of the following reactions. (10 points – 2 pts 
each) 

COCl2

N
H

OH

CH3

AcCl (1 equivalent)

1. PhMgBr (excess)

2. H3O+

O
O OO

AlCl3

O

O O

O

1. NaOH (excess)

2. H3O+

a)

b)

c)

d)

e)

OH
OH

Cl

O

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 10 of 15 

 
 

14. How many unique proton signals would be expected in the 1H NMR of the 
following molecules? (3 points) 

 
 

15. Determine the structure of the compound represented in the NMR spectrum below. 
(6 points) 

 
Peak Chemical 

shift 
Integra-
tion 

Multi- 
plicity 

Comments 
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16.  
a. What is the structure of the unknown compound whose molecular formula is 

C6H12O2? The 1H NMR spectrum of this compound is below. (2 points) 
b. Justify your answer by accounting for all information given. (10 points) 

Note: the infrared spectrum showed a number of absorbances from 2879 – 2960 cm-1, 
and a strong absorbance at 1734 cm-1. 

 
Peak Chemical 

shift 
Integra-
tion 

Multi- 
plicity 

Comments 
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17. Propose a synthesis of the following molecule from the starting materials shown. An 
aldol reaction must be employed as part of the route.  A brainstorming/analysis IS 
required (retrosynthesis is not required). (6 points) 
 

 
  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
18. Propose a synthesis of the following molecule using the reagents described 

(retrosynthesis is not required). (6 points) 
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19. Design a synthesis of (Z)-hept-3-en-2-one from benzyl alcohol and 1-butanol. A 
Wittig reaction must be employed as a step (retrosynthesis is not required). (8 
points) 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 

Happy holidays and good luck next semester! 
 

Visit the course website at the beginning of January to see the hours during which you 
can review your final exam.  

 
Unofficial final marks will be posted on Virtual Campus as soon as available.

alisonflynn
Wittig reaction not covered in 2011--you could pick a synthesis from an assignment to do here instead.
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Appendices: 
 
 
 
 

 
 
 
 
 
 
IR: Key Absorptions (cm-1): 
 
C-H  Alkyl   C-H  2850-2960  m, sharp 
Alcohol    RO-H  3200-3650 s, broad 
Carboxylic acid   RC(=O)O-H 2500-3300  s, broad 
Amine    R2N-H  3300-3500  s, broad 
Carbonyl    R2C=O 1650-1780  s, sharp 
Nitrile    RC!N  2220-2260  v, sharp 
Alkynyl    C!C-H ~3300   m, sharp 
Alkynyl    C!C  2100-2260 v, sharp 
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NMR – Key chemical shifts (ppm): 
 

 
 
 

 


