
Chapter 16 Benzene and Aromatic 
CompoundsCompounds

16 1 Bezene C H (1825 M F d ) li id16.1 Bezene C6H6 (1825, M. Faraday), liquid
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The different reactivity of benzene and alkene

B i h l ti th lk
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⇒Benzene is much less reactive than alkene,

due to resonance stabilization



16.2 Resonance Energy of benzene
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Resonance Energy of benzene
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16.3 Molecular Orbital Model for Cyclic 
C j t d M l lConjugated Molecules 

Is the resonance structure only the explanation for 
the stability of benzene ?

⇒ Unstable

⇒ React rapidly at⇒ React rapidly at 
temperatures above 35 K

Why Benzene is very stable? 

Each carbon has three sp2 hybrid AOs and one p AO
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All six of p AOs combine to form delocalized MOs!



Another explanation for the stability

⇒ M l l bit l th (D i th MO i t )⇒ Molecular orbital theory (Drawing the MO pictures)
Rules to draw the MO pictures  (CHAP 3 p68)
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Benzene is more 
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stable by 2ΔE



Additional rule to draw the MO pictures (The way to 
draw the MO picture of benzene)draw the MO picture of benzene)

1. If the total number of MOs is even, then there is 
on highest energy MO and the MOs are arranged g gy g
symmetrically about zero energy.

2. If the total number of MOs is odd, the pattern is2. If the total number of MOs is odd, the pattern is 
the same with the exception that the highest-
energy MO is absent.
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Examples
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Examples
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Benzene
• highest occupied molecular orbitals (HOMOs) completely filledhighest occupied molecular orbitals (HOMOs) completely filled 

with electrons

• Cyclic compound with completely conjugated around the ring 
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⇒ Stable and called aromatic



16.4 Cyclobutadiene

1. Conjugated cyclic compound.

2. Half filled HOMOs 

⇒ Unstable and called antiaromatic

1. Prepared below 35K.

2. Composed of shorter double 
bonds and longer single bonds.
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16.5 Hückel’s Rule
Aromatic ⇒ Cyclic, fully conjugated, planar,

d 4 +2 i l tand 4n+2 pi electrons (n is any inreger)
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Example; Cyclopentadiene is neither aromatic nor antiaromaticExample; Cyclopentadiene is neither aromatic nor antiaromatic

Not fully 
conjugatedconjugated

N t lNot planar
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Antiaromatic C li f ll j t d lAntiaromatic ⇒ Cyclic, fully conjugated, planar,

and 4n electrons (n is any inreger)

Example: Cyclobutadiene
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16.6 Cyclooctatetraeney

Normal nonconjuated alkene

⇒ Non planar: if it is planar, antiaromatic

⇒ nonaromatic
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⇒ nonaromatic



16.7 Heterocyclic Aromatic Compoundy p

Pyrroley

Aromatic ⇒ Cyclic fully conjugated planar and 6 (4n+2) pi electronsAromatic ⇒ Cyclic, fully conjugated, planar,and  6 (4n+2) pi electrons

OrgChem-
Chap16

18



Pyrrole is 1014 times 
weaker as a base than is  
pyrrolidine because of the 
aromaticityy
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Furan and thiophene   ⇒ Aromaticp
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Pyridine       ⇒ Aromaticy
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⇒ Pyridine is a much stronger base than pyrrole
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16.8 Polycyclic Aromatic Compound
⇒ two ore more benzene rings fused together⇒ two ore more benzene rings fused together

Naphthalene

Resonance energy: 61 kcal/mole

Anthracene and phenanthrene

gy
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16.9 NMR and Aromaticity 
H ; 7 - 8 ppm (down field, deshielded)

H ; 5.5 - 6.5 ppm (lessdeshielded)

Why? Ring current effectWhy?  Ring current effect

⇒Shielded; lower ppm ⇒deshielded; higher ppm 
(downfield shift)
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(upfield shift) (downfield shift) 

Ring current in benzene (armomatic) is termed diamagnetic



Antiaromatic compound

t -But -Bu

E x t e r n a l  f i e l d

t -Bu H

⇒Shielded; lower ppm 
( fi ld hif )⇒deshielded; higher ppm 

(downfield shift) 
(upfield shift) 
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⇒The ring current in antiaromatic compounds is termed 
paramagnetic



antiaromatic                          normal alkene  
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normal alkene          antiaromatic 



16.10 Annulenes
1. rings that contain alternating single and double bonds 
2. benzene: [6]annulene, cyclooctatetraene: [8]annulene [ ] , y [ ]
3. Aromatic when they have 4n+2 electrons in the ring

No ring strain Bridge causes the ring to 
b h di dTwo hydrogens cause 

very much steric l alkene  

be somewhat distorted 

Aromatic and 
diamagnetic ring current
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Therefore not yet 
prepared

diamagnetic ring current



H’s inside the ring are quite Steric intxns
reactive: steric strain

Steric intxns 
are absent 
Bond 
distances are 
all about 1.4 Åa about
undergoes 
substitution 
rxns not 
addition rxns
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16.11 Aromatic and Aromatic Ions

⇒ Trigonal palnar geometry, two electrons in  three pi MO’s

⇒ Aromatic: much more stable than other carbocation, even 
though the ring strain
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