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Question 1.

(a) Benzene can react with aluminium bromide, AlBrs, and bromoethane, CH3CH-Br, to form
ethylbenzene.

Write the equation for the formation of the CH3CH," species.

(1 mark)

(b) Name the mechanism fo nzene and aluminium

bromide.

rly arrows and charges.

(1 mark)

(c) Using the CH3CH," electrophile, dra version of benzene into

ethylbenzene. Include all necessa

EXAMPAPERS PRACTICE
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(3 marks)

(d) State the type of reaction that occurs in part (c).

(1 mark)

For more help visit our website https://www.exampaperspractice.co.uk/
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Question 2.

(a) Benzene undergoes substitution reactions. State the equation for the reaction of
benzene with nitric acid to produce nitrobenzene and water.

(2 marks)

(b) The structure of methyl ene is shown below in Fig. 2.1.

EXAM PAP PRACTICE

Copyright
@ 2024 Exam Papers Practice

Fig. 2.1
Draw the structures of the two isomers of choromethylbenzene formed from the
reaction of methyl benzene and Cl, in the presence of AlCls.

(2 marks)

For more help visit our website https://www.exampaperspractice.co.uk/
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(c) State the type of reaction that benzene will typically undergo.

(1 mark)

Question 3.

(a) This question is about the bromination of benzene.

State the name of the m acted with bromine in

the presence of a haloge

(1 mark)

[(b) Write an equation to sho Br* ion in order to

allow the reaction in part (a) to occ

EXAM PAPERS PRACTICE

(2 marks)

Copyright
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(c) Complete the mechanism in Fig. 3.1 for the formation of bromobenzene. Include
relevant charges where appropriate.

H  Br Br
Br*
@ % % + H+

(3 marks)

Question 4.

EXAMPAPERS-PRACTICE

Cgﬁmltaﬁsltmcm re of compound A in Fig. 4.1.
@ 2024 Exam Papers Practice

Br,
UV light

8

Compound A

Fig. 4.1

(1 mark)

For more help visit our website https://www.exampaperspractice.co.uk/
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(b) Draw the structure of compound B in Fig. 4.2.

Ni, H,

(1 mark)

(c) State the reagents and condition
benzoic acid from methylbenzene.

EXAM PAPERSPRACTICE

Copyright
ol 1Reaction 1 :

uired for reaction 1 in Fig. 4.3 for the formation of

@ 2024 Bxam Papt

Benzoic acid

Fig. 4.3

(3 marks)

For more help visit our website https://www.exampaperspractice.co.uk/
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Question 5.

(a) 4-nitromethylbenzene can be prepared via an electrophilic substitution reaction as
shown in Fig. 1.1.

methylbenzene intermediate T 4-nitromethylbenzene
CH, [~ CH,
NO,

i) This reaction also
the structure of this by-prod

EXAM.PAPERS.PRACTICE

-electrophile for this reaction.
Gt P

Copyri
@ 2024 Exam Papers Practice

iii)  Describe how the structure and bonding of the six-membered ring in intermediate
T differ from those in methylbenzene. In your answer refer to the hybridisation,
the it bonding and the bond angles in the ring system.

as a by-product. Draw

[1]

(3]

(5 marks)

For more help visit our website https://www.exampaperspractice.co.uk/
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(b) Benzocaine is used as a local anaesthetic. It can be synthesised from 4-
nitromethylbenzene by the route shown in Fig. 1.2.

4-nitromethylbenzene
CH,

NHCOCH,

lstep:i

COOH

EXAM FPAPERS PRACTICE

Copyright
© %0245%9@55@1%&"5 L racgicrﬁ

atic name of compound W.

[1]

ii)  Suggest the reagents and conditions for step 1.

[2]

For more help visit our website https://www.exampaperspractice.co.uk/
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i)  Suggest the reagent for step 2.

SEEP 2 ittt b st
(1]
iii)  Suggest the reagents and conditions for step 3 and step 4.
STEP 3 b s
STEP 4 e b e s
[4]

EXAM PAPERS PRACTICE

Copyright (6 marks)
@ 2024 Exam Papers Practice

For more help visit our website https://www.exampaperspractice.co.uk/
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() Asample of benzocaine was analysed by carbon-13 NMR and proton NMR spectroscopy.

i) Predict the number of peaks in the carbon-13 NMR spectrum of benzocaine.

[1]

Benzocaine was dissolved in CDCl; and the proton NMR spectrum of this solution
was recorded as shown in Fig. 1.3.

benzocaine
CDDCHECHa

NH,

J \ Il L
EXAM PAPERS-PRACTICE
Copyright Fig. 1.3

@ 2[]2# Eﬁ@ﬁﬂ:tEﬁ Pa%[\_ﬁ‘l E}Eﬁ)%utggused in answering this question.

Complete Table 1.1 for the chemical shifts 6 1.2 ppm, 3.5 ppm and 5.5 ppm.

Table 1.1
&/ ppm environment of proton number of TH atoms splitting
PP P responsible for the peak| pattern
1.2
3.5
5.5
71-74 ttached t tic ri 4 two
A-7. attached to aromatic ring doublets

[3]
For more help visit our website https://www.exampaperspractice.co.uk/
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iii)  Explain the splitting pattern for the absorption at 6 1.2 ppm.

Table 1.2
. chemcial shift
Environment of proton Example
range, § / ppm
alkane -CH5, -CH5-, =CH- [0.9-1.7
alkyl next to -3.0
alkyl next to a
) -3.0
ring
alkyl next to
) -4.0
electronegati
attached to al -6.0
attached to aromatic rin -9.0
aldehyde 9.3-10.5

alcohol

alkyl amine 1.0-5.0
P Spers Practidd > 20-60
amide IRCONHR 5.0-12.0

(5 marks)

For more help visit our website https://www.exampaperspractice.co.uk/



https://www.exampaperspractice.co.uk/

7

EXAM PAPERS PRACTICE

(d) Benzocaine can also be used to synthesise the azo compound S by the following route.

benzocaine R
COOCH,CH,

step 1

EXAM PAPERS PRACTICE

Copyright
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Fig. 1.4

i) Suggest the reagent(s) used for step 1.

[1]

For more help visit our website https://www.exampaperspractice.co.uk/
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i)  Suggest structures for compounds R and S and draw them in the boxes in Fig. 1.4.

[2]

(3 marks)

Question 6.

(a) Benzene can undergo el
aluminium chloride.

ophilic substitug] oride in the presence of

i) Write an equation t@ show the forma

[1]
ii) Draw the mechani

[3]

EXAM PAPERS PRACTICE
Copyright
@ 2024 EXam Fapers Practice

(4 marks)

(b) The organic product from part (a) can be reduced to form an alcohol.

Name a suitable reducing agent and write a chemical equation to show this reduction,
using [H] to represent the reducing agent.

(2 marks)

For more help visit our website https://www.exampaperspractice.co.uk/
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[c) Outline the mechanism for the reaction of the ethanoyl chloride with aluminium chloride
to form the acylium ion needed for electrophilic substitution.

(2 marks)

d) Explain how the catalyst reforms.

(2 marks)

Question 7.

EXAM PAPERS PRACTICE

Copyright
@ 2024 Exam Papers Practice
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[a) Compound A can be formed from ethylbenzene by the following route in Fig. 3.1.

Step 1 Step 2
—_— E—

NDz NH!

Step 3

EXAM BPAPERS PRACTICE

C@‘gyﬂight ..............................................................................................
@ 2024 Exam Papers Practice

(4 marks)

For more help visit our website https://www.exampaperspractice.co.uk/
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(b) Suggest the structures of the organic products of the reactions between each of the
compound A and the following reagents. If no reaction occurs write ‘no reaction’.

Reagent Product with compound A

Na

H* / KMnOy4

EXAM PAPERS PRACTICE

Copyright
@ 2024 bxam Papers Practice

(2 marks)

(c) Explain why ethyl-2-nitrobenzene is formed rather than ethyl-3-nitrobenzene.

(1 mark)

(d) Using your answer to (a), write the equation for the formation of the electrophile in step
1.

(1 mark)

For more help visit our website https://www.exampaperspractice.co.uk/


https://www.exampaperspractice.co.uk/

7

EXAM PAPERS PRACTICE

Question 8.

(a) Methylbenzene can undergo different reactions to form the products shown in Fig. 4.1.

CHgBr

CHj, CHj,
Br
_ Reaction 1 Reaction 2 _
Ib

Copyrahd
@ 2024 Exam Papers Practice

(2 marks)

For more help visit our website https://www.exampaperspractice.co.uk/
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(b) i) Name the mechanism of reaction 1 in part (a)

(1]
ii)  Draw the structure of the product obtained if reaction 1 is carried out using an
excess of bromine.

[1]

(2 marks)

(€) Draw the reaction mech m for reaction

EXAM PAPERS PRACTICE

(3 marks)

Copyright
[t@ Q%&n@ﬁ@%gﬁpﬁﬁﬁﬂamt%ns as reaction 2 in part (a). Draw and name the

product of this reaction.

(2 marks)

For more help visit our website https://www.exampaperspractice.co.uk/
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Question 9.

(a) The nitration of benzene is the first important step in manufacturing dyes and
explosives.

i) Write the equation for the generation of the electrophile.

[1]

i)  State which reactant acting as a Brensted-Lowry base and justify your answer.

[1]

iii)  ldentify the conjug

[1]

EXAM_PAPERS PRACTICE

Copyright
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(b) Compound B is produced in two steps as outlined in Fig. 1.1.

A B

NO,
Step 1
—_—

i) Outline the reage nd conditions

drawn in Fig. 1.1.

ction of compound A

[2]

i)  Using curly arrows, describe the mechanism for

EXAM PAPERS PRACTICE

Copyright
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(5 marks)

For more help visit our website https://www.exampaperspractice.co.uk/
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(c) Draw the dot-and-cross diagram for the structure of the catalyst, once the electrophile
has been generated in part (b).

(2 marks)

(d) Explain why benzene can generally only undergo substitution reactions.

(4 marks)

EXAM PAPERS PRACTICE

Copyright
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Question 10.

(a) Fig. 2.1 shows the formation of a ketone followed by an alcohol.

Ketone Alcohol
O OH

Step 1
e

Draw the mechanism to

EXAM PAPERS PRACTHIGE

Copyright
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(b) Draw the mechanism for the formation of the ketone, including the regeneration of the
catalyst required.

(5 marks)

(c) State the reagents requifed for step 2.

EXAM PAPERS PRACTICE

Copyright
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Question 11.
(a) Benzene can be converted into cyclohexane as shown in Fig. 3.1.

Q— U

reagent and conditions

i) For this reaction, n the type of reggii ighenti

needed.

type of reaction ...

reagent and conditions ... e

EXAM- #APERS-PRACTICE

CGF’WI@W’ angle in benzene .........c.nenn.
© 2024 Exam Papers Practice

angle in Exane ..............................

Explain your answers.

[2]

(4 marks)

For more help visit our website https://www.exampaperspractice.co.uk/
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(b) When benzene reacts with SO3, as shown in Fig. 3.2, benzenesulfonic acid is produced.
Benzenesulfonic acid

+ 803 ——>

of benzene.
sH* electrophile as

action is simila itr
ed in an initial step to generate th

The mechanism of thi
Concentrated H,50, i
shown.

HzSDJ’ — 503H+ + HSD_,f

EXAMIEARPERS PRACTICE

Copyright
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- @
SO4H*
SO;H
Fig. 3.3

[3]

For more help visit our website https://www.exampaperspractice.co.uk/
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ii) Write an equation to show how the H;504 catalyst is reformed.

[1]

(4 marks)

(€) 3-aminobenzoic acid ca
Fig. 3.4.

ig_three steps as shown in

Methylbenzene

Step 1

EXAM PAPERS PRA@HCE

CGF’WiQhT 3-aminobenzoic acid
@ 2024 Exam Papers Practice CO.H

NH,

Fig. 3.4

i) Draw the structures of M and N in the boxes.

[4]

For more help visit our website https://www.exampaperspractice.co.uk/
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i)  Suggest reagents and conditions for each step of the synthesis.
1 (=] o R OSSOSO

SEEP 2 couieeerunsreseeesses et es s s sss s s st et st

SEEP 3 ittt ettt

[3]

(5 marks)
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