Benzene and resonance



Reactions that produce the same products can be used to compare the stabilities of the
reactants

AH i, = Hproduct — Hreactant

AHyn + Hreactant = Hproduct

AHypn = Hproduct — Hreactant

AH iy + Hreactant = Hproduct

AHI’XI’] + Hreactant = AHI’XI’] + Hreactant

Aern - Aern = Hreactant - Hreactant

reaction coordinate

In other words, when two reactions end in the same place, the energy
released or absorbed during the reaction can be used to compare the
energies of the reactants.



Aromaticity: a special kind of resonance/electron delocalization

OO0

Pt cat.

2 H,
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3 Hy
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OO0 O

er bond

AHyreaction (kcal/ mol) (Il)iCal /mol)
cyclohexene —28.6 —28.6
1,4 cyclohexadiene -57.4 —28.7

1,3-cyclohexadiene —-55.4 —27.7

benzene —79.8






Aromatic, Antiaromatic, Resonance Stabilized,

unconjugated 1t bonds

v/\/\/

conjugated 1t bonds

NN

and None of the Above

conjugated aromatic mt bonds

conjugated antiaromatic mt bonds



Rules for Aromaticity and Antiaromaticity

Criteria for Aromaticity
1.Uninterrupted 1 cloud
-cyclic
*p orbital on every atom
‘planar

2. odd number of pairs of electrons or 4n+2 e-’s

Criteria for Antiaromaticity
1. Uninterrupted 1t cloud
-cyclic
*p orbital on every atom
‘planar

2. even number of pairs of electrons or 4n e~’s in the 11 system

n is just a number not the number of C, H’s or anything else



Aromatic, Antiaromatic, Resonance Stabilized, or None of the Above

O O OO



Aromatic, Antiaromatic, Resonance Stabilized, or None of the Above




Aromaticity: encouraging and discouraging reactions
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pKa ~ 15 - 16



Aromaticity: encouraging and discouraging reactions

NH,
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0

OH OH



Aromaticity: encouraging and discouraging reactions



Aromaticity: encouraging and discouraging reactions

Sample question: Explain why NaH can deprotonate 1,3-cyclopentadiene but it cannot deprotonate 1,3,5-cylcoheptatriene.

NaH
_>

NaH



Aromaticity: encouraging and discouraging reactions

Sample question: Explain why solutions of 7-bromo-1,3,5-cycloheptatriene can conduct electricity when dissolved in polar
solvents.

Br



Electrophilic Aromatic Substitution (not electrophilic addition) Section 8.21

\/\ + Cl—ClI

+ Cl—Cl
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Electrophilic Aromatic Substitution Section 18.2

+E—X—>©



Electrophilic Aromatic Substitution Sections 18.3 - 18.8
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Bromination and Chlorination Section 18.3

+ Br—Br

+ Cl—Cl



Alkylation and Acylation Sections 18.5 & 18.6

+ H3C - CI



A Closer Look at Acylation and Alkylation Section 18.8

N



A Work Around? Section 18.8
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Review
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Nitration and Sulfonation Sections 18.4 & 18.5
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Nitration Sections 18.4
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Sulfonation Sections 18.5
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Activating and Deactivating a Benzene Ring toward EAS Section 18.12

E E
©
+ E—X —> X —— HX
C)

Increase election

density to make the Stabilize the
benzene ring more intermediate to make
reactive toward the reaction go faster

electrophiles

Move Electron Density Around Using....



Activating and Deactivating a Benzene Ring toward EAS Section 18.12
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Activating and Deactivating a Benzene Ring toward EAS Section 18.12
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Activating and Deactivating a Benzene Ring toward EAS Section 18.12
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Activating and Deactivating a Benzene Ring toward EAS Section 18.12
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Activating and Deactivating a Benzene Ring toward EAS Section 18.12
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Activating and Deactivating a Benzene Ring toward EAS
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Activating and Deactivating a Benzene Ring toward EAS Section 18.12
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Activating and Deactivating a Benzene Ring toward EAS Section 18.12




Activating and Deactivating a Benzene Ring toward EAS Section 18.12
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Activating and Deactivating a Benzene Ring toward EAS Section 18.12




Ortho, Para, and Meta Directors Section 18.13
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Section 18.13

o and p Directors



o and p Directors Section 18.13
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o:p Ratios
CH,

+ HNO3

CHj,
H,C

+ HN03

H3C
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Section 18:14
CH,4
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NO,

_H80,
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H3C
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o:p Ratios (Summary)

CHg CHa
H,SO, NG,
+ HNO, ——>
~60%
CH
CH, _~CHs
o~ O
H,SO, NG,
+ HNO, ——>
~30%

The para position has steric and electronic advantages
The ortho position has a statistical advantage

Mixtures of o and p isomers typically result
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Section 18:14



Practical Effects of Activating and Deactivating Substituents Section 18.15
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Practical Effects of Activating and Deactivating Substituents Section 18.15
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Practical Effects of Activating and Deactivating Substituents Section 18.15
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