A-LEVEL CHEMISTRY « EXERCISE SHEET

29.2 Characteristic organic reactions

Name: —~ Class: . Date: - Total: 9 marks

Objective

Build the skills to answer exam questions on characteristic organic reactions FH[z
W2 —classifying a reaction by its type and the kind of reagent involved.

You must be able to:

 classify reactions as addition, substitution, elimination, hydrolysis, condensation, ox-
idation, reduction or polymerisation

o classify reagents as electrophiles 3% {7, nucleophiles 3% 7] or free radicals
H 5

o describe the two new mechanism types: electrophilic substitution and addition—
elimination

1 Worked examples

B Naming the reaction type

H N02 NO2
1. ring attacks unstable 2. lose HT:
the electrophile intermediate ring restored

Electrophilic substitution: an electrophile replaces a ring hydrogen —the
characteristic reaction of benzene
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chlorobenzene
Cls, AICI3

__» nitrobenzene

HNO3 /H2SO4
CH3Cl, AlClg
T methylbenzene
Hs, Ni
(addition)

cyclohexane <«
CH3COClI, AICl3
S phenyl ketone

Characteristic reactions of the benzene ring

o electrophilic substitution —an electrophile replaces an H on a benzene ring
(e.g. nitration).

« nucleophilic substitution —a nucleophile replaces a leaving group (e.g. OH™
+ halogenoalkane).

« addition —a 7 bond opens and two groups add on (e.g. Bry + alkene).

 addition—elimination —a group adds, then a small molecule leaves (e.g. 2,4-
DNPH, acyl chlorides).

Reagent types: electrophile = electron-pair acceptor; nucleophile = electron-pair
donor; radical = species with an unpaired electron.

2 Practice

2.1 State what is meant by an electrophile. 1]

2.2 Classify the reaction of bromine with ethene (an alkene). 1]

3 Exam-style questions
3.1 The reaction of OH™ with bromoethane is best classified as: 1]

e A electrophilic addition
o B nucleophilic substitution
o C electrophilic substitution
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e D free-radical substitution

3.2 Which species is a nucleophile? 1]
« ANOJ

« BHT

e« C INH3

« DCI’

3.3 For each reaction, name the type and the reagent class: k

w

(a) benzene + NOj — nitrobenzene + H*
(b) ethene + Bry — 1,2-dibromoethane

(c) an ester + water — a carboxylic acid + an alcohol

3.4 Explain why benzene undergoes substitution rather than addition, unlike an
alkene. 2]

4 Go further

You are now ready for the real exam questions on this subtopic. Open the 29.2 Char-
acteristic organic reactions past-paper sheet in the Library, or try these in Practice
mode:

e 9701/44 N25 —Q8 (characteristic organic reactions)
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Solutions

2.1 an electron-pair acceptor / a species that is attracted to a region of high electron
density.

2.2 electrophilic addition.
3.1 B. OH™ is a nucleophile and it replaces the bromine —nucleophilic substitution.
3.2 C. :NHj; has a lone pair to donate —a nucleophile.

3.3 (a) electrophilic substitution; electrophile
(b) (electrophilic) addition; electrophile
(¢) hydrolysis (substitution); water/nucleophile.

3.4 benzene’s delocalised 7 system is very stable; substitution keeps the stable ring intact,
whereas addition would destroy the delocalisation, so substitution is favoured.
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