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(b) Sudan Il is an azo dye which was used as a colourant in chilli powder. However, scientists
advised the Food Standards Agency that Sudan Il was linked to an increased risk of cancer
and it is now no longer used as a food colourant.

The flowchart below shows how Sudan I could be prepared in the laboratory from
1,3-dimethylbenzene.

(i) Draw the structures of the organic compounds A, B, C and D in the boxes below.
Display the functional group in compound C.

I%\\\ HNO,, H,S0,
DL~

S

~

1,3-dimethylbenzene
compound A

Sn, conc. HC,
heat
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Sn, conc. HC,
heat

NaNO,, HCl(aq)
below 10°C

compound C compound B

alkaline
solution of
compound D

compound D
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(ii)  Compound A is formed by reacting 1,3-dimethylbenzene with HNO, and H,SO,.

Explain, with the aid of curly arrows, the mechanism for the formation of compound A.

Your answer should clearly show the role of H,S0, as a catalyst.
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(iii) Deduce how many other structural isomers of compound A could have been formed
from the mononitration of 1,3-dimethylbenzene.
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(c) Compound A, shown below, is being considered as an azo dye by a chemical company. A
chemist planned a two-stage synthesis of compound A starting from an aromatic amine.

N
N—( ;\hor-a
N/

compound A

The aromatic amine is first converted into a diazonium ion.
Draw the displayed formula of the aromatic amine and of the diazonium ion.

State the reagents and conditions for each stage in the synthesis of compound A from
an aromatic amine.
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1. a)
Write an equation for the reaction of chloroethane with excess ammonia to form aminoethane and give a mechanism for the reaction.

b)

If excess ammonia is not used, a variety of other organic products are formed. Write equations to show the formation of three other organic products.

c)

Aminoethane can also be prepared by a reduction reaction. Identify a starting compound that can be used to prepare aminoethane by reduction, give the necessary reagent and write an equation for the reaction.

d)

Suggest, with a reason, which of the methods used in a) and c) is likely to result in a higher yield of aminoethane.

2.
Write equations for the following reactions, showing clearly the structure of the organic product:


a)
bromomethane with excess ammonia


b)
chloroethane with ammonia (1:1 ratio)


c)
bromomethane with aminoethane (1:1 ratio)


d)
2-chloropropane with N-methylaminoethane (1:1 ratio)


e)
bromoethane with N,N-diethylaminoethane (1:1 ratio)


f)
chloromethane with ammonia (3:1 ratio)


g)
propanenitrile with LiAlH4.

3.
a)
Draw the structure of tetradecylammonium chloride.


b)
What type of compound is this this?


c)
Suggest a use for this compound.

4.
a)
Write equations for the following reactions:



i)
ammonia with water



ii)
aminoethane with water


b)
Suggest, with a reason, which of the solutions in a) will have a higher pH.


c)
Write equations for the following reactions:



i)
aminoethane with HCl



ii)
N-methylaminomethane with sulphuric acid


iii)
N,N-dimethylaminoethane with HCl

3.
(a)
Explain why ethylamine is a Brønsted-Lowry base.

.....................................................................................................................................

.....................................................................................................................................

(2) 

(b)
Why is phenylamine a weaker base than ethylamine?

.....................................................................................................................................

.....................................................................................................................................

(2)

(c)
Ethylamine can be prepared from the reaction between bromoethane and ammonia

(i)
Name the type of reaction taking place.

........................................................................................................................... 

(ii)
Give the structures of three other organic substitution products which can be obtained from the reaction between bromoethane and ammonia.

Compound 1
Compound 2
Compound 3

(4)

(d)
Write an equation for the conversion of ethanenitrile into ethylamine and give one reason why this method of synthesis is superior to that in part (c).

Equation .....................................................................................................................
Reason ........................................................................................................................

.....................................................................................................................................

(2)

(Total 10 marks)

4.
The following reaction scheme shows the formation of two amines, K and L, from methylbenzene.
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(a)
Give a suitable reagent or combination of reagents for Step 2.

............................………..........................................................…...............................

(1)

(b)
(i)
Give the reagent for Step 4 and state a condition to ensure that the primary amine is the major product.


Reagent .............................................................................................................


Condition .....................................................................….................................

(ii)
Name and outline a mechanism for Step 4.


Name of mechanism .........................................................................................


Mechanism

(7)

(c)
Explain why amine K is a weaker base than ammonia.

............................………..........................................................…...............................

............................………..........................................................…...............................

............................………..........................................................…...............................

(2)

(d)
Draw the structure of the organic compound formed when a large excess of bromomethane reacts with amine L.

(1)

5.
(a)
Outline a mechanism for the formation of ethylamine from bromoethane. State why the ethylamine formed is contaminated with other amines. Suggest how the reaction conditions could be modified to minimise this contamination.

(6) 

(b)
Suggest one reason why phenylamine cannot be prepared from bromobenzene in a similar way. Outline a synthesis of phenylamine from benzene. In your answer you should give reagents and conditions for each step, but equations and mechanisms are not required.

(5)

