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9.1 What Is the Structure of Benzene?

A. Kekulé’s Model of Benzene



B. The orbital overlap Model of Benzene



C. The Resonance Model of Benzene

D. The Resonance Energy of Benzene







9.2 What Is Aromaticity?

Hückel’s criteria are summarized as follows. To be aromatic, a ring must

1. Have one 2p orbital on each of its atoms.

2. Be planar or nearly planar, so that there is continuous overlap or nearly continuous

overlap of all 2p orbitals of the ring.

3. Have 2, 6, 10, 14, 18, and so forth pi electrons in the cyclic arrangement of 2p orbitals.
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9.3 How Are Benzene Compounds Named, and What Are 

Their Physical Properties?

A. Monosubstituted Benzenes（一取代苯）



苯酚 苯胺 苯甲醛 苯甲酸 苯甲醚



苯甲基/卞基

苄基氯/苯甲烷



B. Disubstituted Benzenes

ortho (o): Refers to groups occupying positions 1 and 2 on a benzene ring.
Meta (m): Refers to groups occupying positions 1 and 3 on a benzene ring.
Para (p):  Refers to groups occupying positions 1 and 4 on a benzene ring.



C. Polysubstituted Benzenes

4-氯-2-硝基甲苯 2,4,6-三溴苯酚 2-溴-1-乙基-4-硝基苯



9.4 What Is the Benzylic Position, and How Does It Contribute 

to Benzene Reactivity?

苯环侧链的氧化



苯环侧链的氧化： 有α-H的烷基苯



9.5 What Is Electrophilic Aromatic Substitution?（苯的亲电取代）





9.6 What Is the Mechanism of Electrophilic Aromatic 

Substitution?

Step 1: Generation of the electrophile. 

Step 2: Reaction of a nucleophile and an electrophile to form a new covalent bond. 



Step 3: Take a proton away. Proton transfer to a base to regenerate the aromatic ring:

A. Chlorination and Bromination

Step 1:



Step 2:

Step 3:



B. Nitration and Sulfonation

硝酰正离子



磺化反应



C. Friedel–Crafts Alkylation





D. Friedel–Crafts Acylation



F. Comparison of Alkene Addition and Electrophilic Aromatic Substitution
(EAS)（烯烃亲电加成与苯亲电取代的比较）



9.7 How Do Existing Substituents on Benzene Affect 

Electrophilic Aromatic Substitution?

1. Substituents affect the orientation of new groups. Certain substituents direct a second sub

stituent preferentially to the ortho and para positions; other substituents direct it preferentially 

to a meta position. In other words, we can classify substituents on a benzene ring as ortho–

para directing or meta directing.

2. Substituents affect the rate of further substitution. Certain substituents cause the rate of a

second substitution to be greater than that of benzene itself, whereas other substituents cause 

the rate of a second substitution to be lower than that of benzene. In other words,we can 

classify groups on a benzene ring as activating or deactivating toward further substitution.
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定位效应应用：指导合成





9.8 What Are Phenols?

A. Structure and Nomenclature



百里香酚 香草醛

百
里
香



B. Acidity of Phenols



试比较乙醇与苯酚的酸性并解释





取代苯酚的酸性强弱：

＜ ＜ ＜

10.21 9.84 7.15 0.25

苯环上的取代基对酚酸性强弱的影响

电子效应的影响：吸电子基团使酸性增强，给电子基团使酸性减弱(邻对位基团

的影响大于间位)。
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G(吸电子基) G(给电子基)

电荷分散, 负离子稳定化 电荷集中, 负离子去稳定化



C. Acid–Base Reactions of Phenols



作 业
9.11 、9.13（a、b、c、e、h）、9.18、

9.26（a、b、c、d）、9.31（a、c） 、

9.37、、9.42 （a、d、e、g） 、

9.48 （b、e、f、k）
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