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Chapter 6: Aromatic chemistry 

Solution 6.1 

This is a Friedel–Crafts bromination of benzene, where FeBr3 is used the activate bromine towards attack. 

The FeBr3 is acting as a Lewis acid.  

 

Solution 6.2 

This reaction is sulfonation of benzene.  

 

 

Question 6.3 

This is a Friedel–Crafts alkylation of benzene, where AlCl3 is used to generate the requisite secondary 

carbocation. The AlCl3 is acting as a Lewis acid.  
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Solution 6.4 

In aniline, the nitrogen lone pair is available to donate into the ring through the pi system so the benzene ring 

is very nucleophilic (+M) and can therefore attack the bromine easily, resulting in a SEAr reaction. The 

reactivity of aniline allows multiple substitutions of Br (×3), despite the very slight deactivation effect from 

each bromine substitution (–I). In the second example, when the aniline lone pair is delocalised into the 

amide bond, the nitrogen’s electrons are less able to delocalise into the benzene ring, therefore the ring is less 

electron-rich and cannot undergo SEAr as readily. The temperature of the reaction also has to be reduced to 

enhance the selectivity of the reaction (ortho versus para). Para is most likely preferential due to steric 

reasons.   

 

Solution 6.5 

In the top example, nitrobenzene, the benzene ring has a nitro group directly attached so it is less electron 

rich and is therefore undergoes SEAr at a much slower rate than the anisole (due to –I and  

–M effects on the nitrobenzene). In the reaction itself, chlorine is placed meta to the nitro group for two 

reasons. Firstly, the nitro group is very electron-withdrawing so the ortho and para positions have less 

electron density at them, which renders those positions less nucleophilic. In addition, once the carbocation 
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has been generated it cannot be placed adjacent to the nitro group as this is very unfavourable (due to the –I 

and –M effects) therefore ortho substitution is favoured.  

 

In anisole, the lone pair on the oxygen is able to donate into the ring so it is more electron-rich and can 

undergo substitution more readily and at a faster rate than the nitro analogue (–I, +M (+M dominates)). In 

terms of mechanism, the chlorine is placed para to the methoxy group for three reasons. Firstly, the methoxy 

group is very electron-donating (+M) so the ortho and para positions have more electron density at them, so 

these positions are more nucleophilic. Secondly, once the carbocation has been generated it is favourable to 

place it directly adjacent to the methoxy group due to stabilisation from the lone pairs on oxygen, so 

ortho/para substitution is favoured. Finally, the para position may well be favoured in this case due to steric 

effects, although there probably is not a big preference for para over ortho.  
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Remember, the position of the substituted atoms relates to the directing ability of the ring substituents. The 

nitro group directs meta and the methoxy group ortho and para.  

 

Solution 6.6 

The methoxy groups direct ortho/para with respect to themselves. They are inductively electron 

withdrawing (–I), but the dominant effect is the mesomeric electron-induction through the π system 

(+M). HNO3 and H2SO4 make the strong nitrating agent, NO2
+
, and NO2 will be substituted onto the 

ring. NO2 will only be added once (unless the conditions are really forcing i.e. a high temperature) as 

SEAr is faster with an electron-rich aromatic ring, and the nitro group is strongly electron 

withdrawing. The possible products are shown. Nitration is less likely to occur between the two 

methoxy groups due to steric reasons, but it still possible.  
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Solution 6.7 

The important thing to notice here is that there is a carboxylic acid and an amine. The pKaH of the amine is 

approximately 10, whereas the pKa of the carboxylic acid is 5. This means the carboxylic acid is more acidic, 

so will more readily give up its proton, so the amine will be protonated. This then leaves the second amine 

equivalent to attack the ring, an ultimately displace the chloride.  

 

 

 

 

Solution 6.8 
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The chlorine substituted is para to the second aromatic ring because the negative charge generated from 

initial attack by thiophenol at this position can resonate onto the second ring. In addition, the nitrile (C≡N) 

exhibits both –I and –M effects, so is able to stabilise the anion so this if a favourable process. If the chloride 

meta to the second aromatic ring were to be substituted, the anion generated would not be able to resonate 

onto the second ring and would therefore not experience so much stabilisation so this pathway would be less 

favourable.  
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Solution 6.9

 

Solution 6.10 

The OH of the phenol is able to activate the benzene ring such that is attacks the diazo species as shown. The 

attack is onto the terminal nitrogen, rather than the positively charged, benzylic, nitrogen. This is important, 

as it is a common mistake for students to directly attack the positively-charged nitrogen. The reason for 

attack as the terminal nitrogen is most likely due to sterics; the internal nitrogen is less readily accessible for 

attack due to shielding from other substituents. In addition, if the product from attack at the benzylic nitrogen 

were to be drawn, the steric strain experienced by the product would be large.  

 

 

Soltion 6.11  
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The phenolic OH group has much more influence on this reaction than the benzylic OH group due to overlap 

of the OH lone pair with the benzene ring. This means that the phenolic OH dominates the reaction pathway, 

and substitution is para. 

 

Solution 6.12 

This is another example that is very similar to those seen previously. Again, the phenol directs the reaction 

such that substitution is ortho but there are two ortho positions that can undergo substitution. In one of the 

cases (top scheme), attack generates an oxonium species that can undergo resonance stabilisation from the 

resulting double bond (shown). The alternative (bottom scheme) generates an oxonium species that can only 

undergo resonance stabilisation by breaking aromaticity in the second ring; a very unfavourable process. 

This also explains why substitution does not occur on the second benzene ring.  
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Solution 6.13 

This is an SEAr reaction where the electrophile is a nitronium ion, NO2
+
, generated from the reaction between 

H2SO4 and HNO3. Both –Me and –Br are ortho/para directing therefore there are three positions at which the 

nitro can be added. It is unlikely that the nitro will add between the bromine and methyl group (position 2) 

due to steric reasons; methyl is slightly larger than bromine. It is likely that there will be a mixture or 
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addition ortho (position 4) and para (position 6) to the methyl group, possibly with a slight preference for 

para substitution for steric reasons.  

 

 

Solution 6.14 

This reaction is unlikely to happen because the anion generated cannot be stabilised.  

 

 

Solution 6.15 

If we look at the target molecule there are two methyl groups, a bromine and an amine. From what we know 

it is not easy to install an amine directly therefore we need to install a nitro group and then reduce it. 

Installing the nitro group with the other substituents present might cause regioselectivity issues, therefore it 

is best to install it first.  
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Nitration generates nitrobenzene. The nitro group will only add once because it is extremely deactivating. 

Reduction to the amine with hydrogen and palladium provides aniline, a strong ortho/para directing group. 

Aniline can then undergo Friedel–Crafts alkylation with chloromethane in the presence of aluminium 

trichloride to provide the methylated intermediate shown, although it is likely that there will also be some 

mono and tri-substituted product present too. Finally, bromination with Br2 in the presence of FeBr3 gives the 

product shown. Remember, the methyl groups and the amine are all ortho/para directing but the amine is 

dominant. With respect to the amine, the para and one ortho position are blocked, therefore the bromine 

must be added in the position shown.  

 

Solution 6.16 

Pathway A is best because the hydroxyl and methoxy groups are both strongly ortho/para directing, 

therefore the structure drawn is most likely to be formed. In the lower scheme the methyl groups and 

bromine are ortho/para directing but not so strongly, therefore the rate of the reaction will be slower or the 

reaction may not even happen because they ring may not have enough activation without the presence of a 

strongly direction OH group. 

 


