
 

Arenes and Aromaticity 

SUMMARY 

Section 11.1 Benzene is the parent of a class of hydrocarbons called arenes, or aromatic hydrocarbons. 

Section 11.2 An important property of aromatic hydrocarbons is that they are much more stable and less reactive than other 

unsaturated compounds. Benzene, for example, does not react with many of the reagents that react rapidly 

with alkenes. When reaction does take place, substitution rather than addition is observed. The Kekulé 

formulas for benzene seem inconsistent with its low reactivity and with the fact that all of the COC bonds in 

benzene are the same length (140 pm). 

Section 11.3 One explanation for the structure and stability of benzene and other arenes is based on resonance, according to 

which benzene is regarded as a hybrid of the two Kekulé structures. 

 

 

 

Section 11.4 The extent to which benzene is more stable than either of the Kekulé structures is its resonance energy, 

which is estimated to be 152 kJ/mol (36 kcal/mol) from heats of hydrogenation data. 

Section 11.5 According to the orbital hybridization model, benzene has six p electrons, which are shared by all six sp2-

hybridized carbons. Regions of high p electron density are located above and below the plane of the ring. 

 

 

 

 

 

 

Section 11.6 A molecular orbital description of benzene has three p orbitals that are bonding and three that are antibonding. 

Each of the bonding orbitals is fully occupied (two electrons each), and the antibonding orbitals are vacant. 

Section 11.7 Many aromatic compounds are simply substituted derivatives of benzene and are named accordingly. Many 

others have names based on some other parent aromatic compound. 

 



 

Section 11.8 Polycyclic aromatic hydrocarbons, of which anthracene is an example, contain two or more benzene rings 

fused together. 

 

 

Section 11.9 The physical properties of arenes resemble those of other hydrocarbons. 

Section 11.10 Chemical reactions of arenes can take place on the ring itself, or on a side chain. Reactions that take place on 

the side chain are strongly influenced by the stability of benzylic radicals and benzylic carbocations. 

  

 

 

Section 11.11 An example of a reaction in which the ring itself reacts is the Birch reduction. The ring of an arene is 

reduced to a nonconjugated diene by treatment with a Group 1 metal (usually sodium) in liquid ammonia in 

the presence of an alcohol. 

  

 

 

 

Sections  Free-radical halogenation and oxidation involve reactions at the benzylic  

11.12–11.13 carbon. See Table 11.2. 

Section 11.14 Benzylic carbocations are intermediates in SN1 reactions of benzylic halides and are stabilized by electron 

delocalization. 

  

 

Section 11.15 The simplest alkenylbenzene is styrene (C6H5CHPCH2). An aryl group stabilizes a double bond to which it is 

attached. Alkenylbenzenes are usually prepared by dehydration of benzylic alcohols or dehydrohalogenation 

of benzylic halides. 

  

 



 

Section 11.16 Addition reactions to alkenylbenzenes occur at the double bond of the alkenyl substituent, and the 

regioselectivity of electrophilic addition is governed by carbocation formation at the benzylic carbon. See 

Table 11.2. 

Section 11.17 Polystyrene is a widely used vinyl polymer prepared by the free-radical polymerization of styrene. 

  

 

 

 

Section 11.18 Although cyclic conjugation is a necessary requirement for aromaticity, this alone is not sufficient. If it were, 

cyclobutadiene and cyclooctatetraene would be aromatic. They are not. 

  

 

 

 

Section 11.19 An additional requirement for aromaticity is that the number of p electrons in conjugated, planar, monocyclic 

species must be equal to 4n 1 2, where n is an integer. This is called Hückel’s rule. Benzene, with six p 

electrons, satisfies Hückel’s rule for n 5 1. Square cyclobutadiene (four p electrons) and planar 

cyclooctatetraene (eight p electrons) do not. Both are examples of systems with 4n p electrons and are 

antiaromatic. 

Section 11.20 Annulenes are monocyclic, completely conjugated polyenes synthesized for the purpose of testing Hückel’s 

rule. They are named by using a bracketed numerical prefix to indicate the number of carbons, followed by 

the word annulene. [4n]Annulenes are characterized by rings with alternating short (double) and long (single) 

bonds and are antiaromatic. The expected aromaticity of [4n 1 2]annulenes is diminished by angle and van 

der Waals strain unless the ring contains 18 or more carbons. 

Section 11.21 Species with six p electrons that possess “special stability” include certain ions, such as cyclopentadienide 

anion and cycloheptatrienyl cation. 

 

 



 

 

Section 11.22 Heterocyclic aromatic compounds are compounds that contain at least one atom other than carbon within an 

aromatic ring. 

 

 

 

Section 11.23 Hückel’s rule can be extended to heterocyclic aromatic compounds. Unshared electron pairs of the heteroatom 

may be used as p electrons as necessary to satisfy the 4n 1 2 rule. 

 

 

 

 

 

 

 

 

 

 

 


