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1. (12 pts.) Draw resonance structures for the following molecule. Any insignificant 

contributors to the resonance hybrid should be labeled as such. 

a. 

 
 
 

b. 
O

 
 
 
 

 
2. a. (12 pts.) Draw the resonance hybrid for the following resonance structures. If any 

resonance structures that are considered to be insignificant contributors to the 
resonance hybrid are drawn below, label them as such. 

b. (6 pts.) Circle the resonance structure that the resonance hybrid would most 
resemble. 

i. N N N

 
 
 
 
 
 

ii. 

NH2 NH2 NH2

 
 
 
 
 
 

 
3. (12 pts.) Predict the products of the following electrophilic addition reactions. 

a. 
HCl

 
 

b. H2SO4

CH3OH  
 

 
1. _______ 
 
 
2. _______ 
 
 
3. _______ 
 
 
4. _______ 
 
 
5. _______ 
 
 
6. _______ 
 
 
7. _______ 
 
 
8. _______ 
 
 
9. _______ 
 
 
 



4. a. (12 pts.) Predict the products of the following reaction, and (b. 4 pts) identify the 1,2- and 1,4-
addition products. 

i. 
DCl

 
 
 
 

ii. 
H2SO4

H2O
 

 
 

 
5. (8 pts.) Predict the products of the following Diels-Alder reactions. Remember to indicate the 

stereochemistry of the product(s) by drawing 3-D wedge ( ) and dashed ( ) structures where 
appropriate. 

a. 
C

N

 
 

 
6. Consider the outcome of the following reaction. Two structural isomers can be produced by the 

reaction, but the products are not formed in a 50:50 ratio. 

C
N

O C
N

O C
N

O

major minor  

a. (8 pts.) Draw resonance structures for the reactants. 
 
 
 
 
 
 
 
b. (6 pts.) Considering the charge distribution on the resonance structures of the reactants, explain 

why the molecule on the left is the major product. 
 
 
 
 
 
 
 
 



7. (12 pts.) Predict the products of the following radical substitution reactions and determine the 
relative yields for the various products. Useful ratios 1:3.8:5 and 1:82:1600. 

a.  

Br2

h!
 

 
 
 

b.  

Cl2

h!

 
 
 
 

 
8. a. (8 pts.) Draw the alkyl radical intermediate for the reaction drawn below and (b. 4 pts.) explain 

why the R starting material can produce both the S and R products. Remember, hybrid orbitals 
are needed only for σ bonds and lone pairs. 

(R) Br2

h!H

(S)

Br

(R)

Br  
 
 
 
 
 
 
 
 
 
9. (8 pts.) During radical substitutions using bromine radicals, substitution occurs preferentially at 

tertiary C–H bonds as opposed to primary and secondary C–H bonds. Chlorine is less selective 
than bromine for tertiary C–H bonds. Would fluorine be more or less selective? Explain your 
response. 

 
 


