
Carbon-Carbon Bond Formation 
   

  
  
1. The carbonyl compounds, F and G, shown below, contribute to the flavour of coffee. 

  

 

 
 
Compound F reacts with HCN using NaCN(aq) and H+(aq). 

i. Outline the mechanism for the reaction of F with NaCN(aq) and H+(aq) and state the 
name of the mechanism. The structure of F has been provided. 
 
Include relevant dipoles, lone pairs and the structure of the organic product. 

  

 

 
 
 
 
 
 
 
 

  

 
  

Name of mechanism: 
  [5] 

 

ii. Explain why the mechanism in (i) involves heterolytic fission. 

  

  

  

[2] 
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2. The flowchart below shows some reactions starting with cinnamaldehyde. 
 
Draw the structures of the missing organic compounds in the boxes and add the missing 
reagent(s) on the dotted line. 
  

 

[5] 
  

 

 
   

  
  
3. This question is about organic compounds containing nitrogen. 

 
Sodium cyanide, NaCN, can be reacted with many organic compounds to increase the length of a 
carbon chain.  

i. 1-Chloropropane, CH3CH2CH2Cl, reacts with ethanolic sodium cyanide by nucleophilic 
substitution. 
 
Outline the mechanism for this reaction. 
 
Include curly arrows, relevant dipoles and the structure of the organic product. 
 
 
 
 
 
 
 

  [3] 
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ii. Compound G is used to synthesise compounds H and I as shown in the flowchart below. 
 
Complete the flowchart showing the structure of compound G and the formulae of the 
reagents for Reaction 2 and Reaction 3. 
 

 

 

 

 

 

 

 

 

  [3] 
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iii. Compound H reacts with dilute hydrochloric acid to form a salt. 
 
Explain why compound H can react with dilute hydrochloric acid and suggest a structure 
for the salt formed. 

  

Explanation   

  

  

  

 
Structure 
 
 
 
 
 
 

  

   

iv. Compound I is the monomer for the biodegradable polymer J. 
Draw two repeat units of polymer J and suggest a reason why it is biodegradable. 
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4(a). This question is about the synthesis of a polymer. 

 
The flowchart below shows the synthesis of polymer I starting from benzene. 
 
Draw the structures of the missing compounds in the boxes and add the missing reagents on the 
dotted lines. 

 
 
           repeat unit of polymer I 

[6] 
  

 

 
   

  
  
  (b). Polymer I cannot be disposed of in landfill sites as it is not biodegradable. 

 
Suggest one way of processing waste polymer I other than landfill and recycling. 

  

  

[1] 
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5(a). Lactic acid is a naturally occurring chemical, which can be synthesised from ethanal, CH3CHO, 

as shown in the steps below. 

 
 

i. Draw the structure for compound E. 
 
 
 
 
 

[1] 

ii. Suggest a reagent that could be used for Step 2. 

[1] 

iii. The displayed formula of lactic acid is shown below. 

 

 
Suggest a value for each bond angle a–c. 
 
Bond angle a: .................... 
 
Bond angle b: .................... 
 
Bond angle c: .................... 

[2] 

  
 

 
   

  
  
  (b). Methyl lactate is an ester of lactic acid which is used as a solvent. 

 
 
Methyl lactate can be hydrolysed by refluxing with sodium hydroxide solution. 
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In this reaction the hydroxide ion acts as a nucleophile. 

i. Suggest how the hydroxide ion can act as a nucleophile. 

[1] 

ii. Part of the mechanism for the hydrolysis is shown below. 
 

 
o Add relevant dipoles and curly arrows to show how the intermediate is formed 

in Step 1 of the mechanism. 
o Add curly arrows to show how the carboxylic acid and −OCH3 ion are formed 

from the intermediate in Step 2 of the mechanism. 

[4] 

iii. Methyl lactate can also react with ethanoyl chloride. 
 
Complete the equation for this reaction. 
 
 

 

[2] 
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6(a). Ethers are a homologous series of organic compounds containing the R−O−R functional group. 

 
The structures and names of two ethers are shown in Fig. 4.1.  

 
 

Draw the skeletal formula of the ether, 2-ethoxy-3-methylbutane. 
  
  
  

[1] 
  

 

 
   

  
  
  (b). Ethers can be prepared by nucleophilic substitution of haloalkanes with alkoxide ions, RO−.  

i. Alkoxide ions can be prepared by reacting sodium with an alcohol. A gas is also formed. 
 
Write an equation for the formation of methoxide ions from sodium and an alcohol. 

[1] 

ii. Methoxyethane, shown in Fig. 4.1, can be prepared by reacting bromoethane, 
CH3CH2Br, with methoxide ions, CH3O−. 
 
Suggest the mechanism for the nucleophilic substitution of CH3CH2Br with CH3O−. 
 
Show curly arrows, charges, relevant dipoles, and products. 
 
 
 

[3] 

iii. In this mechanism, explain how CH3O− ions have acted as a nucleophile. 
 
State the type of bond fission that takes place. 

  

  

[1] 
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  (c). 2-Ethoxypropane, shown in Fig. 4.1, is analysed by 1H NMR spectroscopy. 
 
Complete the table to predict the 1H NMR spectrum of 2-ethoxypropane. 
You may not need to use all the rows. 
  

Chemical shift, δ/ppm Relative peak area Splitting pattern 
      
      
      
      
      

[4] 
  

 

 
   

  
  
  (d). In organic reactions, alkoxide ions can also act as a base. 

 
The diagram below shows an incomplete mechanism for the reaction of a diester with methoxide 
ions, CH3O− (Step 1), followed by reaction of the intermediate with bromoethane (Step 2).  

i. For Step 1, add curly arrows to show how CH3O− reacts with the diester to form the 
intermediate. 
In the box, draw the structure of the organic product formed in Step 2. 

 

[3] 

ii. Explain how CH3O− ions have acted as a base in this mechanism. 

  

[1] 
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7. Molecules with more than one functional group are useful chemical ‘building blocks’. 

 
Compound D, CH3CH(OH)CH2NH2, is an intermediate in the synthesis of a variety of drugs.  

i. Compound D can be synthesised from ethanal, CH3CHO. 
 
Devise a two-step synthesis of compound D from ethanal.  
o Give details of appropriate reagents and relevant conditions. 
o Write an equation for each step, showing clearly all organic compounds. 

 

  

  

  

  

  

[4] 

ii. Explain why compound D is very soluble in water. 
 
 
Use a diagram in your answer. 
 
 
 
 
 
 
 

  

[3] 

iii. Compound D reacts with propanedioic acid, HOOCCH2COOH, to form a condensation 
polymer. 
 
Draw a possible repeat unit of this condensation polymer. 
 
Show clearly any functional group present in the repeat unit. 
 
 
 
 
 
 
 
 

[2] 
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