
Organic Synthesis



Material Covered
Organic Synthesis

1. Esters and Acid Anhydrides
2. Benzene :

1. Nitration and Amine 
Formation

2. Acylation and Halogenation
3. Amino Acids and Proteins

Table of 
Contents



Edexcel
Specification 

Reference



Edexcel
Specification 

Reference



Edexcel

Specification 
Reference



AQA

Specification 
Reference



AQA

Specification Reference



AQA

Specification 
Reference



OCR
Specification 

Reference



OCR
Specification 

Reference



OCR
Specification 

Reference



AS Organic Synthesis Overview
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Esters
Esters contain the functional group R-COO-R’

Esters can be synthesised in the reversible reaction between a carboxylic 
acid and an alcohol

Naming an Ester:
The name begins with the R’ group, then the R group with an –’oate’ suffix

Organic Synthesis



Acid Anhydrides
Acid anhydrides can be formed from the condensation of two carboxylic acids.

They are more reactive than carboxylic acids, and can also react with alcohols 
to form esters

Organic Synthesis



Exemplar Exam Question – Statement

1) Name the following ester: 

Direction: what is 
the ester made of?

Context: naming 
esters

Command: 
simple answer

Organic Synthesis

[1 mark]



Exemplar Exam Question – Statement

1) Name the following ester: 
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Addition Reactions

Cl
2

Addition of a halogen to the 
carbon-carbon double bond 

in an alkene 
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Benzene- Electrophilic Substitution
Benzene is unsaturated but doesn’t undergo addition reactions due to the 
stability of its delocalised system

Instead electrophilic substitution occurs:

E+

The electrophile accepts a pair of π electrons from 
the ring leading to the formation of a covalent 
bond: this is the slowest rate-determining step as 
it leads to the loss of the delocalisation stability

Organic Synthesis



E

+

Substitution = addition + elimination

H+

E

The final step is the elimination of H+ so 
that the stable delocalised electron 
system can be restored

This step happens rapidly

Benzene- Electrophilic Substitution
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Benzene- Nitration

NO
2

Nitration: the electrophile is NO2
+ and is generated by reacting nitric acid 

with concentrated sulphuric acid

H2SO4 + HNO3 🡪 NO2
+ + HSO4

- + H2O
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Benzene- Amine formation

NO
2

Nitrobenzene can then be reduced to produce an amine using tin and conc. 
HCl

Organic Synthesis



Exemplar Exam Question – Short Answer
2) A synthetic route to form the product Z from benzene is shown 
below:

a) Identify species Y and draw its skeletal formula.     [2 marks]

Direction: which 
reagents form which 
groups on benzene

Context: 
reactions of 
benzene

Command: 
simple answer 

Y
X Zconc. HNO3

conc. H2SO4
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Exemplar Exam Question – Short Answer
2) A synthetic route to form the product Z from benzene is shown 
below:
b) Identify the conditions (X) needed to form Z from Y.     [2 marks]

Direction: which 
reagents form what 
groups on benzene

Command: 
simple answer 

Organic Synthesis

Y
X Zconc. HNO3

conc. H2SO4
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reactions of 
benzene



Exemplar Exam Question – Short Answer
2) A synthetic route to form the product Z from benzene is shown 

below:
a) Identify species Y and draw its skeletal formula.     [2 marks]

Nitrobenzene
NO

2
+ electrophile 

formed- Nitration

NO
2
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Exemplar Exam Question – Short Answer
2) A synthetic route to form the product Z from benzene is shown 

below:
b) Identify the conditions (X) needed to form Z from Y.     [2 marks]

Sn
Conc. HCl

Reflux
NaOH (aq)

*Can also be written as 6 [H]NO
2

NH
2
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An R-CO group can be added to benzene in an acylation reaction
• R-CO+ is generated from an acyl chloride and AlCl3

R-COCl + AlCl3 R-CO+ + AlCl4
- 

e.g. Ethanoyl chloride

Benzene- Acylation (Friedel-Crafts)

Organic Synthesis



Benzene- Halogenation

Using a Halogen Carrier (e.g. Iron)
- forms an iron halide in situ
- acts as a catalyst

• Chlorination: AlCl3/FeCl3/Fe 
with Cl2

• Bromination: AlBr3/FeBr3/Fe 
with Br2

Benzene doesn’t react directly with the halogens as the aromatic ring is too 
stable… so how do we add a halogen to an aromatic ring?

Br2 + FeBr3 🡪 Br+ + FeBr4
-

FeBr4
- + H+ 🡪 HBr + FeBr3

Organic Synthesis

Not for 
AQA



Exemplar Exam Question – Short Answer

3) a) Draw a general mechanism for electrophilic substitution using 
benzene and an unspecified electrophile X.     [3 marks]

Direction: recall 
mechanism for 
electrophilic 
substitution

Context: electrophilic 
substitution of benzene

Command: 
simple drawing – 
mechanism

Organic Synthesis



Exemplar Exam Question – Short Answer

3) b)    Which of the following could be X?
Cl- NO2

+             NH3        RCO +        HBr
         [2 marks]

Direction: consider 
what is an electrophile

Context: electrophiles 
involved in electrophilic 
substitution

Command: 
simple answer – 
state possible 
answers

Organic Synthesis



Exemplar Exam Question – Short Answer

3) c) Identify the conditions needed to form chlorobenzene 
from benzene. 

         [2 marks]

Direction: consider 
what group is on 
chlorobenzeneContext: reagents and 

conditions of reactions 
involving benzene 

Command: 
recall reagents 
and conditions
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Exemplar Exam Question – Short Answer

3) a) Draw a general mechanism for electrophilic substitution using 
benzene and an unspecified electrophile X.     [3 marks]

Organic Synthesis

X+
X+ H+

X



Exemplar Exam Question – Short Answer

3) b)    Which of the following could be X?
Cl-

NO2
+

            

NH3

       
RCO +

       

HBr
         [2 marks]
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Exemplar Exam Question – Short Answer

3) c) Identify the conditions needed to form chlorobenzene 
from benzene. 

         [2 marks]

Organic Synthesis

Chlorination: AlCl
3 

or FeCl
3
 or Fe with Cl

2



Amino Acids
Amino acids are a class of molecules with 
similar structures

They all have:
• An amine group
• A carboxylic acid group
• An R group

The R group determines the chemical properties of the amino acid

There are 20 different amino acids made using our DNA

Organic Synthesis



Amino Acids
Depending on the pH, an amino acid can exist as a positive ion, negative ion, 
or a zwitterion:

Organic Synthesis

Not for OCR
AQA does not need ‘isoelectric point’



Amino Acids
Although all amino acids have different chemical properties, they can all bond 
to form the same structure: the polypeptide or polyamide

A polypeptide is a long chain of amino acids, joined together by 
amide/peptide bonds

Organic Synthesis

Mechanism is AQA only



Exemplar Exam Question – Statement

4) The secondary and tertiary structure of a protein can be 
determined with x-ray crystallography. The first step is determining 
the sequence of polypeptides in the protein.

a) State the reaction that forms polypeptides.       [1 mark]

Direction: state a 
reaction type

Context: 
PolypeptidesCommand: 

simple answer

Organic Synthesis



Exemplar Exam Question – Statement

4) The secondary and tertiary structure of a protein can be 
determined with x-ray crystallography. The first step is determining 
the sequence of polypeptides in the protein.

b) State the minimum overall charge of a polypeptide in an acidic 
solution.       

[1 mark]

Direction: consider 
relationship between 
pH and charge

Context: 
polypeptides

Command: 
simple answer

Organic Synthesis



Exemplar Exam Question – Statement

4) The secondary and tertiary structure of a protein can be 
determined with x-ray crystallography. The first step is determining 
the sequence of polypeptides in the protein.

a) State the reaction that forms polypeptides.       [1 mark]

Condensation reaction

Organic Synthesis



Exemplar Exam Question – Statement
4) The secondary and tertiary structure of a protein can be 
determined with x-ray crystallography. The first step is determining 
the sequence of polypeptides in the protein.

b) State the minimum overall charge of a polypeptide in an acidic 
solution.       

[1 mark]

1+

Organic Synthesis



MINI MOCK PAPER



Mini Mock Paper
1) Give a balanced equation for refluxing tin and conc. HCl, with 
nitrobenzene. You may use [H] to represent the reducing agent. 

[2 marks]

Mini Mock 
Paper



2) Describe the Kekulé model of benzene and explain why it is no longer 
considered accurate.

[3 marks]

Mini Mock Paper

Mini Mock 
Paper



3) The structure of phenylalanine is shown below. The isoelectric point of 
phenylalanine is pH 5.48. 

(i) Draw the structure of phenylalanine at this pH.
(ii)  What is this type of ion called? [3 marks]

Mini Mock Paper

Mini Mock 
Paper



MINI MOCK PAPER ANSWERS



NO
2

1) Give a balanced equation for refluxing tin and conc. HCl, with 
nitrobenzene. You may use [H] to represent the reducing agent. 

[2 marks]

Mini Mock Paper

Mini Mock 
Paper

NH
2

2H
2
O

Sn
Conc. HCl

Reflux
NaOH (aq)

6 [H]



Kekulé Model: alternating single and double bonds
Incorrect due to the following:
• Benzene does not undergo addition reactions easily 
• Benzene is much more stable than we would predict from 

alternating double and single bonds between C (reference 
to bond enthalpies)

• All 6 bond lengths are equal (reference to x-ray diffraction)

Mini Mock Paper

Mini Mock 
Paper

2) Describe the Kekulé model of benzene and explain why it is no longer 
considered accurate.        [3 marks]



3) The structure of phenylalanine is shown below. The isoelectric point of 
phenylalanine is pH 5.48. 

(i) Draw the structure of phenylalanine at this pH

(ii)  What is this type of ion called?

Mini Mock Paper

[3 marks]

Mini Mock 
Paper


