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Effects of Substituents on Reactivity and Orientation

• The nature of groups already on an aromatic 

ring affect both the reactivity and 

orientation of future substitution

– Activating groups cause the aromatic ring to be 

more reactive than benzene

– Deactivating groups cause the aromatic ring to 
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– Deactivating groups cause the aromatic ring to 

be less reactive than benzene

– Ortho-para directors direct future substitution 

to the ortho and para positions

– Meta directors direct future substitution to the 

meta position
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4.11.a Activating Groups: Ortho-Para Directors

• All activating groups are also ortho-para directors

– The halides are also ortho-para directors but are mildly 

deactivating

• The methyl group of toluene is an ortho-para director 

– Toluene reacts more readily than benzene, e.g. at a lower 

temperatures than benzene
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• The methyl group of toluene is an ortho-para director

• Amino and hydroxyl groups are also activating and ortho-para

directors

– These groups are so activating that catalysts are often not necessary 
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directors
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– These groups are so activating that catalysts are often not necessary 

• Alkyl groups and heteroatoms with one or more unshared electron 

pairs directly bonded to the aromatic ring will be ortho-para

directors.
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• Many ortho-para directors are groups that have a 

lone pair of electrons on the atom directly attached 

to the ring
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• Activating groups having unshared electrons on the 

atom bonded to the ring exert primarily a 

resonance effect

– The aromatic ring is activated because of the resonance 

effect of these groups

– They are ortho-para directors because they contribute a 

fourth important resonance form which stabilizes the fourth important resonance form which stabilizes the 

arenium ion in the cases of ortho and para substitution 

only

– The fourth resonance form that involves the heteroatom 

is particularly important because the octet rule is satisfied 

for all atoms in the arenium ion
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• Halo groups are ortho-para directors but are also 

deactivating

– The electron-withdrawing inductive effect of the halide is 

the primary influence that deactivates haloaromatic

compounds toward electrophilic aromatic substitution

– The electron-donating resonance effect of the halogen’s 

unshared electron pairs is the primary ortho-para

directing influence
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4.11.b Deactivating Groups: Meta Directors4.11.b Deactivating Groups: Meta Directors

• Strong electron-withdrawing groups such as nitro, carboxyl, and sulfonate

are deactivators and meta directors

– Halo Substitutents: Deactivating Ortho-Para Directors– Halo Substitutents: Deactivating Ortho-Para Directors

• Chloro and bromo groups are weakly deactivating but are also ortho, para directors

– In electrophilic substitution of chlorobenzene, the ortho and para products 

are major:
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–Meta-directing Groups

• All meta-directing groups have either a 

partial or full positive charge on the 

atom directly attached to the aromatic 

ring

• The trifluoromethyl group destabilizes 
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• The trifluoromethyl group destabilizes 

the arenium ion intermediate in ortho

and para substitution pathways

–The arenium ion resulting from meta 

substitution is not so destabilized and 

therefore meta substitution is favored
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4.11.c Substitution Effects on Reactivity
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4.12 the Importance of Directing Effects in Synthesis

• When designing a synthesis of substituted benzenes, the order in which 

the substituents are introduced is crucial

• Example: Synthesize ortho-, meta-, and para-nitrobenzoic acid from 

toluene
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Selected Examples
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– Orientation in Disubstituted Benzenes

• When two substituents are present on the ring initially, the more powerful 

activating group generally determines the orientation of subsequent 

substitution

– Ortho-para directors determine orientation over meta directors

– Substitution does not occur between meta substituents due to steric hindrance
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