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Chapter 3: Nucleophilic substitution 

Solution 3.1 

 

 

Solution 3.2 

Water is the nucleophile and the cation is the electrophile.  

 

 

Solution 3.3 
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Solution 3.4 

 

AlCl3 is a Lewis acid because it can accept an electron pair onto the Al(III) centre. 

H2S is a Lewis base because it can donate a lone pair of electrons. It can also act as a Brønsted base because 

it can act as a proton acceptor (by using the lone pair of electrons on sulfur), although it is not a very good 

Brønsted base.  

FeCl3 is a Lewis acid because it can accept an electron pair onto the Fe(III) centre. 

H3PO4 is a Brønsted acid as it can donate protons. 

 

Solution 3.5 
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Nitroethane, in this case, is a Brønsted acid because it loses a proton generating the conjugate base. 

Hydroxide is a Brønsted base because it removes the proton from nitroethane and forms water (the conjugate 

acid of hydroxide).  

 

In this example there is a Lewis acids and base as electrons are moving rather than protons. SiF4 is acting as 

a Lewis acid because it is accepting a pair of electrons from the fluoride, which is acting as a Lewis base by 

donating electrons.  

Solution 3.6 

This is a Finkelstein reaction. The chloride is replaced by iodine under SN1 conditions. The key to this 

reaction is that the KCl produced is not soluble in acetone, therefore the equilibrium is driven to the right i.e. 

towards the products. Due to the planar transition state, there will be a racemic mixture of products.  

 

Solution 3.7 

This reaction will proceed via an SN1 mechanism because the acetate group (the leaving group) is bonded to 

a tertiary carbon centre. <see chapter 2 for explanation of chiral compounds>. The thiol will attack the 

tertiary carbon cation to produce the racemic thioether product.  
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Solution 3.8 

This reaction will proceed via an SN2 mechanism as the leaving group is on a primary carbon. For this 

reaction to proceed, the alcohol group must be protonated. Hydroxide is never a leaving group under acidic 

conditions! Once the hydroxyl has been protonated, the mechanism can proceed as normal.   

 

Solution 3.9 

We are told the reaction proceeds via an SN2 mechanism therefore the stereocentre must be inverted due to 

mechanistic constraints.  
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Solution 3.10 

The key to this question was that a pKaH value was given; the pKa of the parent acid i.e. the protonated 

species. There are two issues at play here; the stabilisation of the positive charge on nitrogen from hydrogen 

bonding with the solvent, and the stabilisation of the positive charge on nitrogen from the inductive effect of 

the alkyl chains.  

In this example, as we add more alkyl chains the stabilisation from the inductive effect increases, but fewer 

hydrogen bonds can be made with the solvent so stabilisation from this method reduces.  

In the case of butylamine, stabilisation from inductive effects is minimal so the majority of stabilisation is 

from interaction with the solvent. With dibutylamine, there is substantial stabilisation from both the solvent 

and inductive effects. This is the least acidic species of the series (has the highest pKaH), and therefore most 

basic. Finally, with tributylamine, the majority of stabilisation comes from inductive effects of the alkyl 

chains with minimal stabilisation from hydrogen-bonding to the solvent. This species has the lowest pKaH 

value so is the most acidic species (and therefore the least basic) in this series.  
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Solution 3.11 

Trifluoroacetic acid will have the lower pKa therefore is more acidic. One of the reasons for this is that the 

fluorine atoms are strongly electronegative and are therefore able to offer additional stabilisation of the anion 

through the inductive effect (by pulling electron density towards themselves through σ bonds). This is 

strongly shown in the pKa values; acetic acid is 4.76 and trifluoroacetic acid is –0.25.  

 

 

Solution 3.12 

The azide will attack the least hindered side of the epoxide in an SN2-type mechanistic pathway. This 

therefore means that the stereochemical configuration of the remaining C–O bond will be preserved.  
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Solution 3.13 

During this reaction, NaOH deprotonates the carboxylic acid giving a carboxylate; a nucleophilic species.  

This is due to pKa considerations (the carboxylic acid has pKa of approximately 5, and the pKaH of hydroxide 

is 15.7). The carboxylate undergoes intramolecular cyclisation by displacing the bromide, giving a 3-

membered lactone ring (this can also be called an α-lactone). This reaction is stereospecific so the 

carboxylate anion has to attack the bromide from behind (into the C–Br σ* orbital), leading to inversion. The 

lactone ring is unstable and is readily re-opened by hydroxide. Again, this reaction is stereospecific, and the 

hydroxide anion has to attack from the front of the molecule as it is drawn because the LUMO is the C–O σ*, 

i.e. another inversion occurs leading to overall retention of the original configuration. Finally, acidic work-up 

provides the product shown.  

 

 

Solution 3.14 

The chloride is attached to a tertiary carbon therefore the reaction pathway followed will be SN1 therefore 

Rate = k [Substrate].  

a) If the substrate concentration is doubled then the rate will double. 

b) If the nucleophile concentration is halved the rate will not be affected.  
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Solution 3.15 

This question is not as simple as it first looks. The leaving group, bromide, is primary so the reaction 

pathway followed will be SN2. However, the nucleophile does not have to directly attack the C–Br σ* orbital, 

there is another option; attack of the alkene in an SN2’ mechanism.  

 

 


