
12.1412.14
SubstituentSubstituent Effects in Effects in ElectrophilicElectrophilic

Aromatic Substitution:Aromatic Substitution:
HalogensHalogens

F, F, ClCl, Br, and I are , Br, and I are orthoortho--parapara directing,directing,
but deactivatingbut deactivating

Nitration of Nitration of ChlorobenzeneChlorobenzene

ClCl

HNOHNO33

ClCl

NONO22

ClCl

NONO22

ClCl

NONO22

++ ++

69%69%1%1%30%30%

The rate of nitration of The rate of nitration of chlorobenzenechlorobenzene is about is about 
30 times slower than that of benzene.30 times slower than that of benzene.

HH22SOSO44

Nitration of Toluene vs. Nitration of Toluene vs. ChloroChlorobenzenebenzene

CHCH33

4242

2.52.5
5858

4242

2.52.5

0.1370.137

0.0090.009
0.0290.029

ClCl

0.0290.029

0.0090.009



Table 12.2Table 12.2

Very strongly activatingVery strongly activating
Strongly activatingStrongly activating
ActivatingActivating
Standard of comparison is HStandard of comparison is H
DeactivatingDeactivating
Strongly deactivatingStrongly deactivating
Very strongly deactivatingVery strongly deactivating

Classification of Classification of SubstituentsSubstituents in in ElectrophilicElectrophilic
Aromatic Substitution ReactionsAromatic Substitution Reactions

1.  All activating 1.  All activating substituentssubstituents are are 
orthoortho--parapara directors.directors.

2.  Halogen 2.  Halogen substituentssubstituents are slightly are slightly 
deactivating but deactivating but orthoortho--parapara directing.directing.

3.  Strongly deactivating 3.  Strongly deactivating substituentssubstituents are are 
meta directors.meta directors.

GeneralizationsGeneralizations

are are orthoortho--parapara directing and activatingdirecting and activating

ERGERG

ERGsERGs include include ——R, R, ——ArAr, and , and ——C=CC=C

ElectronElectron--Releasing Groups (Releasing Groups (ERGsERGs))



are are orthoortho--parapara directing and activatingdirecting and activating
 ERGERG

ERGsERGs such as such as ——OH,  and OH,  and ——OR OR 
areare

stronglystrongly activatingactivating

ElectronElectron--Releasing Groups (Releasing Groups (ERGsERGs))

ERGsERGs with a lone pair on the atom directlywith a lone pair on the atom directly
attached to the ring are attached to the ring are orthoortho--parapara directingdirecting

and strongly activatingand strongly activating

ERGERG

ElectronElectron--Releasing Groups (Releasing Groups (ERGsERGs))

••••

All of these are All of these are orthoortho--parapara directingdirecting
and strongly to very strongly activatingand strongly to very strongly activating

ExamplesExamples

ERG  = ERG  = •••• ••••OH OH 
••••

OR OR ••••
••••

OCR OCR ••••
••••

OO

••••NHNH22 NHCR NHCR ••••

OO

••••NHR NHR ••••NRNR22



Lone Pair Stabilizes Intermediates forLone Pair Stabilizes Intermediates for
orthoortho and and parapara SubstitutionSubstitution

comparable stabilization not possible for comparable stabilization not possible for 
intermediate leading to meta substitutionintermediate leading to meta substitution

 

HH

HH

HH

HH

HH

XX

++ ERGERG  

HH

HH

HH

HH

HH

XX

++ ERGERG

ERGsERGs Stabilize Intermediates forStabilize Intermediates for
orthoortho and and parapara SubstitutionSubstitution

HH

HH

HH

HH

HH

XX

++

ERGERG••••

HH

HH

HH

HH

HH

XX
++

ERGERG••••

ElectronElectron--withdrawing Groups (withdrawing Groups (EWGsEWGs) ) DestabilizeDestabilize
Intermediates for Intermediates for orthoortho and and parapara SubstitutionSubstitution

HH

HH

HH

HH

HH

XX

++

EWGEWG

HH

HH

HH

HH

HH

XX
++

EWGEWG

——CFCF33 is a powerful EWG.  It is strongly is a powerful EWG.  It is strongly 
deactivating and meta directingdeactivating and meta directing



All of these are meta directing and strongly deactivatingAll of these are meta directing and strongly deactivating

Many Many EWGsEWGs Have a Carbonyl GroupHave a Carbonyl Group
Attached Directly to the RingAttached Directly to the Ring

——EWG  = EWG  = 

OO

——CHCH

OO

——CRCR

OO

——COHCOH

OO

——CORCOR

OO

——CClCCl

All of these are meta directing and strongly deactivatingAll of these are meta directing and strongly deactivating

Other Other EWGsEWGs Include:Include:

——EWG  = EWG  = ——NONO22

——SOSO33HH

——CC NN

Tab. 12.2



12.1512.15
Multiple Multiple SubstituentSubstituent EffectsEffects

all possible EAS sites may be equivalentall possible EAS sites may be equivalent

The Simplest CaseThe Simplest Case

CHCH33

CHCH33

OO

AlClAlCl33
OO

CHCH33COCCHCOCCH33

OO

++

CHCH33

CHCH33

CCHCCH33

99%99%

directing effects of directing effects of substituentssubstituents reinforcereinforce
each other;  substitution takes place each other;  substitution takes place orthoortho
to the methyl group and meta to the nitro groupto the methyl group and meta to the nitro group

Another Straightforward CaseAnother Straightforward Case

CHCH33

NONO22

CHCH33

NONO22

BrBr

8686--90%90%

BrBr22

FeFe



GeneralizationGeneralization

regioselectivityregioselectivity is controlled by theis controlled by the
most activating most activating substituentsubstituent

ExampleExample

NHCHNHCH33

ClCl

BrBr22

87%87%

aceticacetic
acidacid

NHCHNHCH33

ClCl

BrBr

strongly strongly 
activatingactivating

substitution occurs substitution occurs orthoortho to the smaller groupto the smaller group

When activating effects are similar...When activating effects are similar...

CHCH33

C(CHC(CH33))33

CHCH33

C(CHC(CH33))33

NONO22
HNOHNO33

HH22SOSO44

88%88%



position between two position between two substituentssubstituents is lastis last
position to be substitutedposition to be substituted

StericSteric effects control effects control regioselectivityregioselectivity whenwhen
electronic effects are similarelectronic effects are similar

CHCH33

CHCH33

HNOHNO33

HH22SOSO44

98%98%

NONO22

CHCH33

CHCH33

12.16
Regioselective Synthesis of Disubstituted

Aromatic Compounds

Factors to ConsiderFactors to Consider

order of introduction of order of introduction of substituentssubstituents to ensure to ensure 
correct orientationcorrect orientation



Synthesis of Synthesis of mm--BromoacetophenoneBromoacetophenone

 

BrBr

 

CCHCCH33

OO

Which Which substituentsubstituent
should be should be 
introduced first?introduced first?

Synthesis of Synthesis of mm--BromoacetophenoneBromoacetophenone

BrBr

CCHCCH33

OO

parapara

metameta

If bromine is introduced first, If bromine is introduced first, 
pp--bromoacetophenonebromoacetophenone is major is major 
product.product.

Synthesis of Synthesis of mm--BromoacetophenoneBromoacetophenone

CCHCCH33

OO

OO

CHCH33COCCHCOCCH33

OO

AlClAlCl33

BrBr22

AlClAlCl33

CCHCCH33

OO
BrBr



Factors to ConsiderFactors to Consider

order of introduction of order of introduction of substituentssubstituents to ensure to ensure 
correct orientationcorrect orientation
FriedelFriedel--Crafts reactions (Crafts reactions (alkylationalkylation, , acylationacylation) ) 
cannot be carried out on strongly deactivated cannot be carried out on strongly deactivated 
aromaticsaromatics

Synthesis of Synthesis of mm--NitroacetophenoneNitroacetophenone

NONO22

CCHCCH33

OO

Which Which substituentsubstituent
should be should be 
introduced first?introduced first?

Synthesis of Synthesis of mm--NitroacetophenoneNitroacetophenone

NONO22

CCHCCH33

OO

If NOIf NO22 is introduced first, is introduced first, 
the next step (the next step (FriedelFriedel--Crafts Crafts 
acylationacylation) fails.) fails.



Synthesis of Synthesis of mm--NitroacetophenoneNitroacetophenone

 

 

CCHCCH33

OO

OO

CHCH33COCCHCOCCH33

OO

AlClAlCl33

HNOHNO33

HH22SOSO44

CCHCCH33

OO
OO22NN

Factors to ConsiderFactors to Consider

order of introduction of order of introduction of substituentssubstituents to ensure to ensure 
correct orientationcorrect orientation
FriedelFriedel--CraftsCrafts reactions (reactions (alkylationalkylation, , acylationacylation) ) 
cannot be carried out on strongly deactivated cannot be carried out on strongly deactivated 
aromaticsaromatics
sometimes sometimes electrophilicelectrophilic aromatic substitution aromatic substitution 
must be combined with a functional group must be combined with a functional group 
transformationtransformation

Synthesis of Synthesis of pp--NitrobenzoicNitrobenzoic Acid from TolueneAcid from Toluene

Which first? Which first? 
(oxidation of methyl (oxidation of methyl 
group or nitration of group or nitration of 
ring)ring)

CHCH33

COCO22HH

NONO22

CHCH33



Synthesis of Synthesis of pp--NitrobenzoicNitrobenzoic Acid from TolueneAcid from Toluene

 CHCH33

COCO22HH

 

NONO22

CHCH33

nitration givesnitration gives
mm--nitrobenzoicnitrobenzoic
acidacid

oxidation givesoxidation gives
pp--nitrobenzoicnitrobenzoic
acidacid

Synthesis of Synthesis of pp--NitrobenzoicNitrobenzoic Acid from TolueneAcid from Toluene

CHCH33

NONO22

CHCH33
HNOHNO33

HH22SOSO44

NONO22

COCO22HH

NaNa22CrCr22OO77, H, H22OO
HH22SOSO44, heat, heat

12.1712.17
Substitution in NaphthaleneSubstitution in Naphthalene



two sites possible for two sites possible for electrophilicelectrophilic
aromatic substitutionaromatic substitution

all other sites at which substitution can occurall other sites at which substitution can occur
are equivalent to are equivalent to 11 and and 22

NaphthaleneNaphthalene

11

22

HHHH

HH HH

HHHH

HH HH

EAS in NaphthaleneEAS in Naphthalene

AlClAlCl33

OO

CHCH33CClCCl

90%90%

CCHCCH33

OO

is faster at Cis faster at C--1 than at C1 than at C--22

EAS in NaphthaleneEAS in Naphthalene

when attack is at Cwhen attack is at C--11
carbocationcarbocation is stabilized by is stabilized by allylicallylic resonanceresonance
benzenoidbenzenoid character of other ring is maintainedcharacter of other ring is maintained

EE HH EE HH

++

++



 

EAS in NaphthaleneEAS in Naphthalene

when attack is at Cwhen attack is at C--22
in order for in order for carbocationcarbocation to be stabilized by to be stabilized by allylicallylic
resonance, the resonance, the benzenoidbenzenoid character of the other character of the other 
ring is sacrificedring is sacrificed

EE

HH++

EE

HH
++

 

undergoes EAS readilyundergoes EAS readily
CC--2 is most reactive position2 is most reactive position

Example:  FuranExample:  Furan

BFBF33
OO

CHCH33COCCHCOCCH33

OO

++ CCHCCH33

OO

7575--92%92%
OO OO


