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CHM 2120A 
Midterm #2 

November 14, 2018 
 
 
 
 

 
First Name: _____________________   Last Name: _______________________ 
 
Student Number: ______________________         
 
 
 
Approximate total number of marks: 97 
The marks are given as a guide and are subject to change. 
You can write in pen or in pencil. 
The use of molecular models is permitted but they cannot be shared. 
The use of calculators or other electronic devices is not permitted.  
The final page has a pKa table, 1H chemical shift table, and IR table; it can be detached. 
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1. Determine the structure of the following unknown, which has molecular formula of C11H15NO. The 
1H NMR spectrum is below. Circle your final answer. (6 points) 

 
  
Signal  

(ppm) 

Integra-
tion 

Multipli-
city 

Ideas (not marked) 

A     

B     

C     

D     

E     
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2.    

a. Point to the most nucleophilic atom in the compound below. (1 point) 

b. Circle the least nucleophilic atom in the compound below. (1 point) 

 

 
c. Justify your ranking in part a. (4 points) 

 

 

 

 

 

  

3. Estimate the pKa value of each indicated proton. (4 points) 

 

 
 

4. Circle the molecule that best fits the IR spectrum. (2 points) 

 

 
 

5. How many signals are expected in the 1H NMR spectrum for each of the following molecules? (3 

points) 
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6.  

a. Assign all the signals listed from the 1H NMR spectrum below by writing the letter of each 

signal beside the corresponding proton(s): (3 points) 

 

 

b. Justify your assignment of signals A and B. Use structures to support your explanation (5 

points) 

 

 

 

 

 

 

 

 

7. The 1H NMR spectrum of following compound has two different signals for the methyl groups. 

Explain why there are two different signals even through the methyl groups are on the same atom. 

Draw structures to support your explanation. (4 points) 

 

 
 

 

 

 

 

 

8. Draw the expected 1H NMR spectrum for the compound shown below, including number of signals 

chemical shift, multiplicity, relative peak intensity, and integration. (5 points) 

 
 

 

 

 

 

 

 

 

1H	 2H	

2H	

4H	

4H	C11H15NO	

A	 B	

C	

D	

E	

 

 

Assignment Shift (ppm) 

A 6.5 

B 5.2 

C 3.8 

D 1.6 
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9. Draw the major organic product(s) OR reagents for each of the following reactions. (3 points each: 

12 points) 

 

a.   

 
 

 

 

b.    

 
 

 

 

c.   

 

 
 

d.  

 
 

 

 

10.  
a. Draw the product of the reaction step below (one step only). (3 points) 

b. Map the atoms and electrons directly involved in the reaction. (2 points) 
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11.  
a. Draw and label the reaction coordinate diagram for the two proposed reaction mechanisms 

shown below, including for each reaction the transition states, activation energy of the rate 

determining step, reactants, intermediates, and products, as applicable. (9 points) 

 
 

 
  

b. Which mechanism is most likely for the reaction shown? ________ (1 point) 

 

c. Justify your answer in part b, using your reaction coordinate diagram as part of your 

explanation. (4 points) 
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12. Predict the direction of each of the equilibrium shown below (for c, circle the predominant species 

at equilibrium). (4 points) 

a.  

 
 

b.   

 
 

c.    

  

 

13.  
a. Add curved arrows to show the movement of electrons in each of the reaction steps below. 

(8 points) 

b. Around the reacting centres, add non-bonding electrons and draw the carbon and hydrogen 

atoms explicitly. (2 points) 
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14.   
a. Categorize each of the following reactions using the categories provided below. (4 points) 

 

 
b. Circle the reaction(s) below that fit into category F. (2 points) 

 
 

15. Draw the mechanism and products of the following reaction. (8 points) 
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BONUS!!!  

 

How many signals are expected in the 1H NMR spectrum of the compound below? (2 points)   ________ 
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