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Electrophilic Substitution of Benzene Chemistry Questions with
Solutions
Q-1: The correct order of the electrophilic substitution is

BEYJUs
NHCOCH,

© 0 0 ©

a) i>ii>iii>iv
b) iii>iv>i>ii
c) iii>i>iv>ii
d) iiizii>i>iv

Answer:b) iii>iv>i>ii

Explanation: The rate of electrophilic substitution depends on the nature of the substituent already
present in the benzene ring.

If the substituent is o/p directing(activating groups) then the rate of substitution increases. If it is meta
directing(deactivating groups) then the rate of substitution decreases.

In the given question, activating groups are -NHCOCH, and isopropy! groups.The NHCOCH; is more
activating than the isopropyl group as it shows +M effect (I.p donation from N-atom to the ring through
resonance increases electron density) making further substitution easy. On the other hand isopropyl

just stabilises by +| effect. +M effect is stronger than+| effect. As a result (iii) is more reactive than (iv).

ii) is least reactive towards electrophilic substitution because -NO, is a deactivating group. Nitro group
reduces the electron density in the benzene ring due to its strong—I effect making further substitution

difficult, so the rate decreases.

Thus the correct order is iii>iv=>i>ii
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Q-2: An electrophile is

a) Electron hating specie
b) Electron loving specie
c) Positively charged
d) Negatively charged

Answer: b) and c) Electron loving specie and Positively charged

Explanation: The term electrophile is derived from the words "electro" (electron) and "phile" (loving). In
short we can say that they are electron loving species.

Any molecule, ion, or atom that is electron-deficient in some way can act as an electrophile. In other
words, an electrophile is a reagent that attacks the electron rich system or loves electrons. They are
almost always positively charged.

Q-3: What is the role of lewis acid such as AICI; in electrophilic substitution reaction?

Answer: Anhydrous AICI;, as a Lewis acid, aids in the generation of the electrophile.

For example: The electrophile is formed during chlorination as follows:

[IsYJU's

+
Cl—-Cl + Ja'-'iLICI3 — Cl| + [AICId]'
Chloronium ion

Q-4: In electrophilic substitution reaction, the arenium ion(intermediate) formed loses it aromaticity
because

a) It contains sp? carbon
b) Asp?®carbon is formed
c) It doesn't have much resonance

d) A positive charge develops

Answer: b) A sp® carbon is formed
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Explanation: Attack of electrophile results in the formation of G-complex or arenium ion in which one of
the carbon is sp® hybridised as shown below:

BBYJUS

sp? hybridised
carbon

Sigma complex (arenium ion)

Because electron delocalisation stops at sp® hybridised carbon as a result the sigma complex or
arenium ion loses its aromatic character.

Q-5: In the presence of Lewis acids (AICl;), the reaction of benzene with ethanoyl chloride yields
electrophile. Show the mechanism for the same.

Answer: The generation of electrophile by lewis acid (AICI;) is shown below:

|0 RS

at

CH3—(||3—CI + AICl, — CHG—;{I: + [AICL,]
0O (0)

Q-6: To restore aromatic character, sigma complex releases
a) Hydride ion
b) Proton
c) Electrophile

d) Electrons

Answer: b) Proton

https://byjus.com



[EBYJU'S

The Learning App

Explanation: To restore the aromatic character, o -complex releases a proton from sp® hybridised
carbon on attack by [AICL,]™ (in case of halogenation, alkylation and acylation) and [HSO,]~ (in case of
nitration).

The mechanism is shown below:
[EBYJUsS

E
+ HCI + AICI,

Q-7: Among the following, which is most reactive towards electrophilic substitution?

O CAGE
OH NH F

2

(1) () (1)

Answer: Il

Explanation: NH, and OH are activating groups, and their +M effect activates rings. The strength of +M
decreases as the electronegativity of the donating atom in the group increases. Because N in NH, is
less electronegative than O in OH, NH, is a better activating group. As a result, the rate of electrophilic
substitution in Il will increase.
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On the other hand, in lll) -F( a halogen) is moderately deactivating. Because of its strong — | effect,
overall electron density on benzene ring decreases. It makes further substitution difficult.

Q-8: Benzene has a lower electrophilic substitution reaction reactivity than
a) Thiophene
b) Furan
c) Pyrrole
d) All of the above

Answer: d) All of the above

Explanation: Five membered heterocycles ( pyrroles, furan and thiophene) are pi-excessive and are
characterised by their ability to undergo electrophilic substitution reactions on the ring carbon
atoms.The partial positive charge on heteroatom hinders the attack of electrophile, while negatively

charged carbon atoms facilitate the attack of electrophile as shown below. This makes them more
reactive towards electrophilic substitution reactions than benzene.(it is less electrophilic).

BYJL::I S

O

Q-9: Which of the following statements about electrophile is not true?
a) Electrophiles are positively or negatively charged species with vacant orbitals.
b) The most electron-populated part of a nucleophile attacks electrophiles.
c) Carbenes and nitrenes are examples of chemical electrophiles
d) Electrophiles are lewis base

Answer: d) Electrophiles are lewis base

Explanation: An electrophile is an electron deficient specie that accepts electrons, therefore acting as a
lewis acid.

A lewis base is a specie that donate electron pairs to the electron deficient molecule.
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Q-10: Which of the following sets of substituents are all meta directing in electrophilic substitution
reaction?

a) CI,NH,,CH,
b) CN, SO,H,CHO

¢) COCH,,CONR,,NH,
d) OCOCH,,0H, CN

Answer: b) CN, SO;H,CHO

Explanation:

meta-directing groups: CN, SO;H, CHO, COCH;, CONR,
O/p-directing groups: Cl, NH,, CH;, OH

Q-11: Which of the following is an intermediate in bromination of toluene?

[BYus
CH, CH, CH, CH,
Br
A B C D
) ) ) g D
Br  Br H H H H
Answer: b)
Explanation: Mechanism of bromination of toluene at para position is shown below:
[BBYus

H Br

H Br H Br Br
E ] Br+ [ ]+ *’[ ] -H* [ j
—_— —P i —_—

More stable

(lower energy)
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Q-12: What will be the product A?

BBYJUS
CH,CH=CH,
> A
H-I-
a) 2-phenyl propane
b) Propyl benzene
c) Phenyl propene
d) 1-phenyl-prop-2-ene
Answer: a) 2-phenyl propane
Explanation:
BBYIUs
CH—CH—CH,
H+
+ CH—CH=CH,—*
Benzene Propene (2-phenyl propane)

Q-13: The mechanism of electrophilic substitution of benzene includes two steps:
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Step 1. + E —

& (<2

Step 2. EE— + H

Which of the following statements is correct?

a) Both the steps are exothermic

b) Both the steps are endothermic

c) |step is endothermic and Il is exothermic
d) | step is exothermic and Il is endothermic

Answer: c) | step is endothermic and Il is exothermic

Q-14: If the following aromatic compounds undergo bromination ,then

T et
H,C_ || H3C\ _CH, R
N C—CH, H,.C— “N— CH,

i) The compound that reacts fast
ii) The compound that reacts slowly
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Answer: i) B
ncC

Q-15: Which of the following aromatic compounds is alkylated by Friedel craft with propyl chloride in the
presence of lewis acid?

a) Benzoic acid

b) Ethyl benzoate

c) Anisole

d) Trifluoromethyl Benzene

Answer: c) Anisole
Explanation: In anisole, -OCHj; group is highly activating in nature due to resonance than

-COOH,-COOCH,CH; and CF; in benzoic acid, ethyl benzoate and trifluoromethyl benzene
respectively. Therefore will undergo Friedel craft with propyl chloride more readily.

Practise Questions on Electrophilic Substitution of Benzene
Q-1: Is it possible for an electrophile to be a neutral specie?
Answer: Yes
Explanation: Some electrophiles are listed below:
a) Neutral electrophiles such as BF;,AICI;,SO,;,ZnCl,, CO, etc.
b) Neutral Atoms that accept electrons from the substrate.

For example: Carbonyl carbon of COCI, COCH;,RCOOCOR,RCOOR etc
c) Free radicals, carbenes and nitrene are also neutral molecules that act as electrophiles.
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Q-2: For the following aromatic compounds, answer the following questions:
®evus
0

O—CCH ,CH,CH, O—CH,CH,CH,CH,

00 ¢

Reaction: Friedel craft reaction

i) Which will show a fast reaction?
i) Which will show a slow reaction?

Answer:

i)C

i) A

Q-3: What is the major product for the reaction of phenyl benzoate with nitrating mixture?

Answer: A nitrating mixture is conc HNO; + conc H,SO,. The electrophile, nitronium ion, NO,* is
produced by transfer of a proton (from sulphuric acid) to nitric acid as shown below:
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Step | N /\“ Iil

HO_SO~H + H—0—NO,= H—O—NO_+ HSO,
Step Il
l'\ NO, — H,0 + NO,
Protonated Nitronium ion
nitric acid

In phenyl ethanoate, the group is -OCOCHS,;.This group is o/p directing in nature. Such groups increase
electron density on the ortho and para positions relative to meta position. As a result the incoming
electrophile(NO, *) gets directed towards the ortho or para position. Due to steric effects, para product
is the major product.

Q-4: Which of the following electrophilic substitution steps is the slowest?
a) Removal of hydrogen
b) Formation of positive charge by electrophile in arene
c) Electron donation to the electrophile via pi bond in arene
d) Resonance stabilisation of positive charge through delocalisation

Answer: c¢) Electron donation to the electrophile via pi bond in arene

Explanation: In any electrophilic substitution reaction, the first step is the donation of pi electrons to the
electrophile which results in the formation of a sigma complex in which one of the carbon is sp®
hybridised. As a result the system loses its aromaticity because delocalisation stops at this carbon.

Thus it requires a lot of energy for this step to take place,making it the slowest step.

Q-5: Arrange the following in decreasing order of their reactivity towards electrophilic substitution.
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(1) (1) (1)

Answer: |I1>[>1ll
Explanation: In the given systems, -COCH, and -Cl groups show the -M effect and -I effect respectively
which decreases the electron density in the benzene ring. The strength of -M is more when compared

to -I. Therefore, lll) system will be least reactive towards electrophilic substitution.

On the other hand, -CH, group inductively or through hyperconjugation increases electron density in the
ring. Hence is more reactive towards electrophilic substitution reaction.

This makes the correct order as: 11>1>1ll
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