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1.
(a)
Outline a mechanism for the reaction of CH3CH2CH2CHO with HCN and name the product.

Mechanism

Name of product .........................................................................................................

(5)

(b)
Outline a mechanism for the reaction of CH3OH with CH3CH2COCl and name the organic product.

Mechanism

Name of organic product ............................................................................................

(5)

(c)
An equation for the formation of phenylethanone is shown below. In this reaction a reactive intermediate is formed from ethanoyl chloride. This intermediate then reacts with benzene.
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(i)
Give the formula of the reactive intermediate.

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

(ii)
Outline a mechanism for the reaction of this intermediate with benzene to form phenylethanone.

(4)

(Total 14 marks)

2.
(a)
Name and outline a mechanism for the formation of butylamine, CH3CH2CH2CH2NH2, by the reaction of ammonia with 1-bromobutane, CH3CH2CH2CH2Br.

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

Mechanism

(5)

(b)
Butylamine can also be prepared in a two-step synthesis starting from 1-bromopropane, CH3CH2CH2Br. Write an equation for each of the two steps in this synthesis.

Step 1
.....................………………………………………………………………………….

Step 2
.....................………………………………………………………………………….

(3)

(c)
(i)
Explain why butylamine is a stronger base than ammonia.

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

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

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

(ii)
Identify a substance that could be added to aqueous butylamine to produce a basic buffer solution.

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

(3)

(d)
Draw the structure of a tertiary amine which is an isomer of butylamine.

(1)

(Total 12 marks)

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

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

(2)

(b) Why is phenylamine is 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 form 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 as a major synthesis is superior to that in part (c).

Equation ………………………………………………………………………..

Reason…………………………………………………………………………. …………………………………………………………………………………….
(2)

TOTAL 10 marks
4.
Propanoyl chloride can be used, together with a catalyst, in Step 1 of the synthesis of 1-phenylpropene from benzene via compounds P and Q as shown below.
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Step 1

Step 2

Step 3

P

Q


(a)
The mechanism of Step 1 is an electrophilic substitution. Write an equation to show the formation of the electrophile from propanoyl chloride. Outline the mechanism of the reaction of this electrophile with benzene in Step 1.

(5)

(b)
The mass spectrum of P contains a molecular ion peak at m/z = 134 and major fragmentation peaks at m/z = 105 and 77. Identify the species responsible for the peak at m/z = 105 and also that responsible for the peak at m/z = 77. Write an equation for the formation, from the molecular ion, of the species responsible for the peak at m/z = 105.

(4)

(c)
NaBH4 can be used in the reaction in Step 2. Name the mechanism involved in this reaction. Molecules of Q show optical isomerism but the sample of Q formed in Step 2 is optically inactive. State, in terms of their structure, why molecules of Q show optical isomerism. Explain, by reference to the mechanism, why the sample of Q obtained in Step 2 is not optically active.

(7)

(d)
Identify a suitable reagent for the reaction in Step 3.
Name the type of stereoisomerism shown by the product of this reaction. State what is required in the structure of molecules to allow them to show this type of stereoisomerism. 

(4)

(Total 20 marks)
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