
Practice Test 1 

1. Why type of reaction is this? 

 

A. Nucleophilic substitution  
B. Electrophilic substitution  
C. Nucleophilic addition  
D. Electrophilic addition  
E. None of the above 

2. Which substituent would be classified as an 
activating ortho/para director in an electrophilic 
aromatic substitution?  
A. –CO2H 
B. –OCOCH3  
C. –Cl 
D. –NH3

+ 
3. Which structure represents a major intermediate 

in the bromination of nitrobenzene? 

 

 

4. Arrange in order of decreasing reactivity 
(fastest to slowest) towards a mixture of nitric 
and sulfuric acids. 

 

A. III > IV > II > I 
B. I > II > IV > III 
C. IV > I > II > III 
D. IV > II > I > III 
E. None of the above are correct 

 

5. The electrophilic aromatic substitution reaction 
is exothermic. Which potential energy reaction 
diagram best describes the three steps in this 
reaction? 

 

 

 

 

 

 

 

 

 

6. What would be the major product of the reaction 
of toluene with 1-bromopropane and aluminum 
tribromide? 
A. p-isopropyltoluene 
B. p-propyltoluene  
C. m-isopropyltoluene  
D. m-propyltoluene 
E. None of the above  

7. What is the major product of the reaction of 
benzoic acid with a mixture of nitric and sulfuric 
acid? 
A. p-nitrobenzoic acid 
B. p-sulfobenzoic acid 
C. 2,4-dinitrobenzoic acid 
D. m-benzoic acid 
E. none of the above 

 

 

 



8. What would be the major product when molecular 
bromine and iron react with 3-ethylanisole? 
A. Meta-(1-bromoethyl)anisole  
B. 2-bromo-3-ethylanisole  
C. 2-bromo-5-ethylanisole 
D. 3-bromo-5-ethylanisole  
E. None of the above 

9. For the reaction shown, the rate of reaction when 
X=Cl is about the same as that when X=Br. Based 
on this information, which statement represents 
a valid deduction concerning the mechanism of 
this reaction? 

 

A. The is a one-step displacement reaction  
B. The C-X bond is broken in the rate-

determining step 
C. The C-X bond is broken after the rate 

determining step 
D.  The reaction proceeds via a benzyne 

intermediate  
E. The reaction is classified as an electrophilic 

aromatic substitution  
10. When ortho-chlorotoluene reacts with sodium 

amide in liquid ammonia, ortho-methylaniline is 
formed. What other compound is expected to also 
be formed? 
A. Ortho-chloroaniline  
B. Para-methylaniline  
C. 3-chloro-4-methylaniline  
D. Meta-methylaniline  
E. 2-chloro-3-methylaniline  

11. Which substituents would deactivate benzene 
towards electrophilic aromatic substitution? 

I. Carboxyl  
II. Trimethylamine  
III. Hydroxyl  

A. I, II, III 
B. II only  
C. I and II only 
D. I and III only 
E. II and III only 

 

12. Which structure represents a major intermediate 
in the nitration of toluene? 

 

 

 

 

 

 

 

  

 

13. What would be the major product of butyl 
chloride and aluminum trichloride with benzene? 
A. neo-butylbenzene  
B. sec-butylbenzene  
C. tert-butylbenzene 
D. isobutylbenzene  
E. The above reaction will not work  

14. What set of reagents would likely transform 
toluene into para-bromotoluene? 
A. Molecular bromine with iron tribromide  
B. Molecular bromine with carbon tetrachloride  
C. Molecular bromine with UV light 
D. Sodium bromide in sulfuric acid  
E. N-bromosuccinimide with heat 

15. Which sequence of reagents would produce 
propylbenzene from benzene? 
A. Propanoyl chloride with aluminum trichloride 

followed by mercuric zinc in hydrochloric acid 
B. Propyl chloride with aluminum trichloride 
C. Molecular bromine with iron tribromide 

followed by propyl Grignard. 
D. Molecular chlorine with iron tribromide 

followed by propene with aluminum trichloride  
E. All of the above reactions would work 

 

 

 

 



Free Response 

1. Propose a plausible synthesis for para-bromophenol starting from benzene. You must show the structures of all 
compounds after each step and make a clear distinction between multiple steps.  

 

 

 

 

 

 

 

 

 

 

 

 

2. Predict the product of when anisole is reacted with a mixture of nitric and sulfuric acids. Write a mechanism 
using the usual conventions to justify your response. Draw all reasonable resonance forms for the key 
intermediate and place the correct symbol between them.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3. Consider the structure of isopropylbenzene. If isopropylbenzene is reacted with some generic electrophile E+, 
predict the products. Please consider both resonance, induction and steric effects in your argument. Your 
answer must be clear enough to leave a reader with no doubt that you understand the directing effects of the 
isopropyl group and their cause.  

 

 

 

 

 

 

 

 

 

 

 

 

4. Propose a plausible synthesis for the creation of 2-Bromo-4-nitro-1-neo-butylbenzene. Your starting material 
may be benzene or toluene.  You must show the structures of all compounds after each step and make a clear 
distinction between multiple steps. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Practice Test 2 

1. Which position will be attacked most rapidly by 
the nitronium ion when the compound undergoes 
nitration with nitric and sulfuric acid? 

 

A. A 
B. B 
C. C 
D. D 
E. None of the above would react 

 
2. Which description is most applicable to the 

mechanism of reaction when 2,4-
dinitrochlorobenzen reacts with sodium 
hydroxide to form 2,4-dinitrophenol and sodium 
chloride? 
A. It takes place in one step with no ionic 

intermediates  
B. It takes place in two steps; elimination then 

addition 
C. It takes place in two steps: addition then 

elimination  
D. It take places in three steps and involves a 

carbocation intermediate  
E. The above reaction will not occur 

 
3. For the nitration of bromobenzene with nitric and 

sulfuric acid, which intermediate is used to 
explain why halogens are ortho/para directors in 
electrophilic aromatic substitution?  

 

 

 

4. Which of the following could be used to nitrate 
benzene? 
A. Fuming nitric acid 
B. Nitric and sulfuric acid  
C. Concentrated ammonium oxide  
D. All of the above 
E. None of the above 

 
 

5. Which statement best describes why anisole 
brominates faster than benzene? 
A. The inductive effect of the methoxy group 

stabilizes the cationic intermediate 
B. The inductive effect of the methoxy group 

stabilizes the anionic intermediate 
C. The resonance effect of the methoxy group 

stabilizes the cationic intermediate 
D. The resonance effect of the methoxy group 

stabilizes the anionic intermediate 
 
 

6. Which aryl chloride reacts fastest with sodium 
hydroxide? 
A. Chlorobenzene 
B. 3,5-dinitrobenzene 
C. Para-nitrobenzene 
D. Meta-nitrobenzene 
E. 2,4-dinitrobenzene 

 
 

7. What is the expected product when 1,2-dichloro-
3,5-dinitrobenzene reacts with 1 molar equivalent 
of sodium methoxide? 
A. 3,4dichloro-5-nitroanisole 
B. 2-chloro-3,5-dinitroanisole  
C. 6-chloro-2,4-dinitroanisole  
D. 2,3-dichloro-4,6dinitroanisole 
E. None of the above 

 

 

 

 

 



8. Which intermediate is involved in this reaction? 

 

 

 

9. Which sequence of reactions is expected to give 
the best yield of 3-nitrobenzoic acid? 
A. Nitrobenzene reacted with methyl chloride 

and aluminum trichloride followed by 
potassium dichromate, aqueous acid and heat 

B. Toluene reacted with potassium dichromate, 
aqueous acid and heat followed by nitric acid, 
sulfuric acid and heat 

C. Toluene reacted with nitric acid, sulfuric acid 
and heat followed by potassium dichromate, 
aqueous acid and heat.  

D. Toluene reacted with potassium dichromate, 
aqueous acid and heat followed by sodium 
nitrite and hydrochloric acid 

 

10. What is the major product when ethylbenzene 
reacts with acetyl chloride and aluminum 
trichloride followed by mercuric zinz, 
hydrochloric acid and heat? 
A. m-Diethylbenzene 
B. a mixture of ortho- and para-Diethylbenzene  
C. m-Ethylbenzene  
D. a mixture of 2- and 4-ethylbenzoic acid  
E. none of the above 

 

 

 

 

11. Which of these reaction would produce tert-
butylbenzene in high yield? 

 

A. 1, 2, 3, and 4 
B. 1, 2, and 3 only 
C. 1 and 2 only 
D. 1, 3, and 4 only 

 

12. What is the major product of this reaction? 

 

 



13. Which of the following is a reasonable resonance 
from for the key mechanistic intermediate 
involved in the reaction of phenol with some 
electrophile E+?  

A.        B.             C.  

 

 

 
D. All of the above  

E. None of the above 

 

14. Which compound will react fasted in electrophilic 
aromatic substitution? 

 

 

15. What is the major product resulting from 
reaction of tert-butylbenzene with fuming 
sulfuric acid?  
A. ortho-sulfo-tert-butylbenzene  
B. para-sulfo-tert-butylbenzene 
C. meta-sulfo-tert-butylbenzene  
D. All of the above 
E. None of the above 

 

16. What is the correct order of reactivity (greatest 
to least) toward electrophilic aromatic 
substitution? (Ph = phenyl) 
A. Ph-H > Ph-CH3 > Ph-CCl3 
B. Ph-CH3 > Ph-CCl3 > Ph-H 
C. Ph- CCl3 > Ph-H > Ph-CH3 
D. Ph-CH3 > Ph-H > Ph-CCl3 
E. None of the above 

 

 

 

Free Response 

1. Propose a plausible synthesis for meta-ethylphenol, starting from either benzene or toluene. You must show the 
structures of all compounds after each step and make a clear distinction between multiple steps. 

 

 

 

 

 

 

 

 

 

 

 

 



2. 2,5-dichloro-2,5-dimethylhexane can undergo two Friedel-Crafts reactions with benzene in the presence of 
aluminum trichloride.  Predict the product. Write a detailed mechanism using the usual conventions.  Draw all 
reasonable resonance forms for the key intermediates and place the correct symbols between them.  Your 
mechanism should be legible and able to be understood by anyone who reads it. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3. 2,4,6-trinitrochlorobenzene will react with sodium hydroxide to form 2,4,6-trinitrophenol. Draw a mechanism 
using the usual conventions. Draw all reasonable resonance forms for the key intermediates and place the 
correct symbol between them. Additionally, give the name of this mechanism and explain why it may be 
misleading to use the term deactivator for the nitro groups. Hint: can the reaction proceed without them? 
What will removing one of them do to the rate of the reaction? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Practice Test 3

1. When ortho-bromonitrobenzene is treated with 
sodium hydroxide at elevated temperature only 
one product is formed. What is the most likely 
mechanism? 
A. Electrophilic aromatic substitution  
B. Nucleophilic aromatic substitution by 

addition-elimination  
C. Nucleophilic aromatic substitution by 

elimination-addition via a nitrobenzyne  
D. SN2 
E. SN1 

 
2. What is the final product that results from 

treating benzene with the following reaction 
sequence? 1. Molecular bromine and iron 
tribromide 2. Magnesium in ether  
3. Formaldehyde 4. Cold mild acid 
A. Benzaldehyde  
B. Benzoic acid 
C. Phenol 
D. Benzyl alcohol  
E. None of the above 

 
3. Which of the following is a limitation of the 

Friedel-Crafts alkylation reaction? 
A. The carbocation electrophile can rearrange 

giving unintended products 
B. Multiple substitutions result when ring 

becomes more reactive after first alkylation  
C. Nitrobenzene, benzonitrile and benzaldehyde 

are not reactive enough 
D. All of the above 
E. None of the above 

 
4. What is the expected major product when         

p-ethoxytoluene is treated with one equivalent of 
molecular bromine in the presence of catalytic 
iron tribromide? 
A. 2-bromo-4-ethoxytoluene  
B. 2-bromo-1-ethoxy-4-methylbenzene 
C. P-bromotoluene  
D. 4-ethoxybenzylbromide  
E. None of the above 

 

5. Which substituent below will activate an aromatic 
ring towards electrophilic aromatic substitution? 
A. Trifluoromethyl 
B. –CHO 
C. Trimethylamino (positively charged) 
D. All of the above 
E. None of the above  

 
6. Use the numbering system shown to indicate 

which positions will be brominated when the 
compound is treated with one equivalent of 
molecular bromine and catalytic iron tribromide? 

 

A. 2 and 3 
B. 1 and 4 
C. 1 
D. 2 
E. 3 

 
7. The symbol “Ph” represents a phenyl group. What 

reagents will convert PhSO3H into benzene? 
A. Sulfuric acid and nitric acid 
B. Sulfuric acid and sulfur trioxide  
C. Dilute aqueous sulfuric acid 
D. All of the above  
E. None of the above  

 
8. Which sequence of reagents will convert benzene 

into aniline? 
A. Sulfuric and nitric acid followed by zinc and 

hydrochloric acid followed by aqueous NaOH 
B. Fuming sulfuric acid then excess ammonia  
C. Sulfuric and nitric acid followed by potassium 

permanganate and acid  
D. All of the above 
E. None of the above 

 
 
 
 



9. Which compound will react the fastest in 
electrophilic aromatic substitution? 
A. Benzene  
B. Phenol 
C. Chlorobenzene  
D. Benzonitrile  
E. Toluene  

 
10. What results from the reaction of benzoic acid 

with one equivalent of molecular chlorine and iron 
trichloride? 
A. Chlorobenzene 
B. ortho-Dichlorobenzene  
C. meta-Dichlorobenzene  
D. para-Dichlorobenzene  
E. None of the above 

 
11. Which compound will undergo nucleophilic 

aromatic substitution the fastest? 
A. meta-dinitrobenzene 
B. Chlorobenzene  
C. 1-Chloro-2-nitrobenzene  
D. 1-Chloro-3-nitrobenzene 
E. 1-Chloro-2,4-dinitrobenzene 

 
12. What product come from an elimination-addition 

reaction of para-chlorotoluene with sodium 
hydroxide at high temperature and pressure 
followed by aqueous acid.  
A. meta-Methylphenol 
B. meta-Methylphenol 
C. meta- and para-Methylphenol 
D. ortho- and para-Methylphenol 
E. para-Chlorophenol 

 
13. What is the result when p-chlorotoluene is 

heated vigorously under pressure with potassium 
hydroxide then acidified?  
A. p-Chlorophenol  
B. ortho- and para-Chlorophenol  
C. ortho- and para-Methylphenol 
D. meta- and para-Methylphenol 
E. none of the above 

 

 

14. The aromatic ring in the compound shown below is 
____ towards electrophilic aromatic substitution 
and the likely EAS product will be ____.  

 

A. Activated, meta 
B. Activated, ortho/para 
C. Deactivated, meta 
D. Deactivated, ortho/para 
E. None of the above 

 
15. What is the most likely mechanism for the 

reaction shown? 

 

A. EAS 
B. SN1 
C. SN2 
D. Addition-elimination  
E. Elimination-addition  

 

 

 

 

 

 

 

 

 

 

 

 



Free Response 

1. Propose a plausible synthesis for each of the following, starting with either benzene or toluene. You must show 
the structures of each compound after each reaction.  
A. 2-phenyl-2-propanol  

 

 

 

 

 

 

B. para-isopropylnitrobenzene  

 

 

 

 

 

 

C. para-neo-butylaniline  

 

 

 

 

 

 

D. meta-bromostyrene  

 

 

 

 

 

 

 



2. Predict the product (there is only one) when pyrrole is treated with a mixture of nitric and sulfuric acids. Show 
mechanistically both possible pathways and use this to justify why only one of the products will be obtained.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3. The intermediate known as “benzyne” was determined using a trapping experiment with furan, which reacts in a 
Diels-Alder fashion with benzyne. Starting with bromobenzene, sodium hydroxide and furan show the 
mechanism of formation for the cycloadduct product obtained. Also briefly explain why benzyne is such a 
reactive compound, please refer to the geometry and hybridization of the atoms in your answer.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 


