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17.1 
Introduction 
to Aromatic 
Compounds

• Aromatic compounds 
or arenes include 
benzene and benzene 
derivatives

• Benzene- cyclohexane 
with 3 double bonds

• Benzene derivatives 
were originally 
isolated from fragrant 
oils, hence the name 
aromatic compounds

• Most aromatic 
compounds are 
odorless



• Aromatic rings are a common feature in drugs



Let’s Read p. 753

• What is Coal?



17.2 
Nomenclature 
of Benzene 
Derivatives

• Benzene is generally the 
parent name for 
monosubstituted 
derivatives



• The following common names are accepted by IUPAC as parent 
names, and are frequently used:

• These names are sometimes used as the actual parent name 

• LEARN THEM!!



• If the substituent is larger than the ring (more than 6 carbon atoms), 
the substituent becomes the parent chain

• The benzene ring becomes a substituent called a phenyl group

• Benzene rings (phenyl group) are represented with “Ph” (for phenyl) 
or with a “φ” (phi) symbol



• The common name for dimethyl benzene derivatives is xylene

• ortho, meta, and para are used for the location of substituents on 
disubstituted benzene rings

• It also common to use one letter prefix (o-, m-, p-) to represent ortho, 
meta, and para

• Using locants (1,3 dimethyl) is the same as using the description 
names (ortho…)



Naming Polysubstituted Benzene Derivatives
1. Identify the parent 

2. Identify and Name the substituents

3. Number the parent chain and assign a locant to each substituent

– Give the first substituent the lowest number possible

4. List the numbered substituents before the parent name in alphabetical order

– Ignore prefixes (except iso) when ordering alphabetically



1. Identify the parent chain (generally the aromatic ring)

– Often a common name 
can be the parent chain

2. Identify and Name the substituents

Parent = phenol



3. Number the parent chain and assign a locant to each substituent

– A substituent that is part of the parent 
name must be assigned locant NUMBER 1

4. List the numbered substituents before the parent name in alphabetical order

– Ignore prefixes (except iso) when ordering alphabetically

3,5-dibromophenol



Skillbuilder 17.1 – p.755

• Then HMWK #1-4



17.3 Structure 
of Benzene

• In 1866, August Kekulé
proposed that benzene 
is a ring comprised of 
alternating double and 
single bonds

• Kekulé suggested that 
the exchange of double 
and single bonds was 
an equilibrium process



• Recall from Ch2 resonance structures 

• We now know that the two drawings 
are resonance structures to one 
another rather than in equilibrium

• Sometimes the ring is represented 
with a circle in it to avoid drawing 
resonance structures



Don’t go on with notes….



17.4 Stability of 
Benzene

• Aromatic rings are 
remarkably stable

• Recall alkenes readily 
undergo addition 
reactions

• Aromatic rings are 
stable enough that they 
do not undergo such 
reactions



• By comparing the heat of 
hydrogenation of 
benzene and similar 
compounds its found the 
expected ΔH = -360 
kJ/mol

• However the actual heat 
of hydrogenation for 
benzene is                       
ΔH = -208 kJ/mol

• Which shows that 
benzene is more stable 
than initially expected



• In order to explain the stability of benzene 
we must look at MO theory

• Remember that a π bond results from the 
overlap of 2 atomic  p-orbitals, which forms 
2 new orbitals called molecular orbitals

• For benzene there are 6 MO



• 3 of the six MO are bonding 
MO, while the other 3 MO are 
antibonding MO

• Since each MO con hold 2 
electrons, the three bonding 
MO hold up to 6π electron

• By occupying the bonding MO 
all 6 electrons achieve a lower 
energy state and are 
delocalized. Since all the 
electrons are in the bonding 
MO the antibonding MO are 
empty, giving benzene a 
closed-shell electron 
configuration, which is the 
source of the stabilization 
energy associated with 
benzene



• Not all fully conjugated (alternating single and double bonds) rings 
have aromatic stability

• Some fully conjugated cyclic compounds react like normal alkenes



• aromatic compounds must meet two criteria:

1. A fully conjugated ring with overlapping p-orbitals

2. Meets Hückel’s rule: an ODD number of e- pairs or 4n+2 total π
electrons where n=0, 1, 2, 3, 4, etc. 

• The following compounds do not meet Huckel’s rule:



• To explain Hückel’s rule we will use MO theory 
to talk about cyclobutadiene and 
cyclooctatetraene and their observed 
instability

• According to MO cyclobutadiene has 4 MO

• However, unlike benzene one of the 4 MO is 
bonding MO and can therefore only hold 2 e-

• The remaining 2π e- must go to degenerate 
(equal energy) nonbonding MO making the e-

unpaired

• Since all the e- are not paired cyclobutadiene 
does not have a closed e- configuration which 
is the source of its instability

• Due to its unusual instability, this compound is 
said to be antiaromatic



• Similarly, cyclooctatetraene is also antiaromatic 
because it has 2 unpaired e- giving it an open-
shell e- configuration

• However, unlike cyclobutadiene this compound 
can avoid any unnecessary instability by 
assuming a tub shape

• In this configuration the 8 p-orbitals no longer 
overlap as on continuous system

• Rather, there are 4 isolated π bonds, each 
containing 2 e- in a bonding MO 

• The conjugation does not extend around the 
entire ring, so the system is neither aromatic nor 
antiaromatic.  It is nonaromatic



• Predicting the shapes and energies of MOs can be simplified by 
drawing Frost circles to predict the relative MO energies

• Frost circles help to explain the 4n+2 rule:

• Note that the number of bonding orbitals is always an odd number 
- aromatic compounds will always have an odd number of electron 
pairs



17.5 Aromatic Compounds Other Than 
Benzene
• Aromatic compounds fulfill two criteria

1. A fully conjugated ring with overlapping p-orbitals
2. Meets Hückel’s rule: an ODD number of e- pairs or 4n+2 total π electrons 

where n=0, 1, 2, 3, 4, etc. 

• Antiaromatic compounds fulfill two criteria
1. A fully conjugated ring with overlapping p-orbitals
2. An EVEN number of electron pairs or 4n total π

electrons where n=0, 1, 2, 3, 4, etc. 

• When a compound fails criteria #1, it is nonaromatic
• Nonaromatic compounds fail the first criteria because they are instable and they 

are forced out of being planar, which aromatic compounds are planar



• Annulenes are compounds consisting of a single ring containing a 
fully conjugated π system

• [6] annulene is benzene, which is aromatic

• However, [10] annulene is nonaromatic because it experiences steric 
interactions between H atoms in the ring which pushes out from 
being planar

• Similarly, [14] annulene also experiences the same steric interaction 
between H atoms however, it does have some aromatic stability 
because is mainly planar.



• A 5-membered ring will be aromatic will be aromatic if it contains 6π
e-. In order to have 6π e-, one of the C atoms must have a pair of lone 
pair e-

• The cyclopentadienyl anion has a lone pair delocalized over each of 
the 5 carbon atoms, and is an aromatic anion



• The acidity of cyclopentadiene is attributed to the aromatic stability 
and resonance stability of its conjugate base

• The pKa of cyclopentadiene is similar to water because of the stability 
of its conjugate base. 



• A 7-membered ring will be aromatic will be aromatic if it contains 6π
e-. In order to have 6π e-, one of the C atoms must have an p orbital

• The tropylium cation is an aromatic cation:



• Heteroatoms (atoms other than C or H) can also be part of an 
aromatic ring

• Both are aromatic but for completely different reasons

• Pyridine exhibits a continuous system of overlapping p-orbitals and 
since the N atom is sp2-hybridized the lone pair on the N atom 
occupies a sp2-hybridized orbital that is pointing away from the ring

• Since, the lone pair in not part of the conjugated system it is not 
included when we count the number of πe- which still makes the ring 
have 6π e- and is still aromatic



• In order for pyrrole to achieve a continuous ring of overlapping p-
orbitals, the lone pair of the N atom must occupy the p-orbital

• With 6π e- the compound is aromatic 

• The lone pair is crucial in establishing aromaticity.

• The delocalized lone pair explains why pyrrole does not function as a 
base. The protonation would destroy the p-orbital overlap



• The difference in electron density can also be observed by viewing 
the electrostatic potential maps

• The map of pyridine shows a high concentration of e- density on the N 
atom, which represents the localized lone pair. That lone pair is NOT 
part of the aromatic system and is free to function as a base

• In contrast, the map of pyrrole shows that the lone pair has been 
delocalized into the ring, and the N atom does not have a site of high 
e- density



• Hückel’s rule is meant to be 
applied for a single ring of 
overlapping p-orbitals. 
Polycyclic aromatic 
hydrocarbons (PAHs) are 
known to be stable 

• These compounds are 
comprised of fused benzene-
like rings, giving them 
significant aromatic stability

• The individual rings of a PAH
will often exhibit different 
levels of stability. For 
example the middle ring of 
anthracene is known to be 
more reactive then either of 
the outer rings



• The stabilization energy can be measured by comparing heats of 
hydrogenation:



17.6 Reactions at the 
Benzene Position

• Any carbon attached directly to a benzene 
ring is called a benzylic position:

• Recall that aromatic rings and alkyl groups 
are not easily oxidized



• Interestingly, alkylbenzene are readily oxidized by chromic acid. The 
oxidation takes place only at the benzylic position:

• The aromatic ring is stable in the presence of chromic acid, the 
benzylic position is susceptible to oxidation. Notice how alkyl group is 
completely replaced leaving only the benzylic C atom behind

• The product is benzoic acid

• The only condition is that the benzylic position must have at least on 
proton (H atom). If the benzylic position lacks a proton then oxidation 
does not occur



• Oxidation of a proton-bearing benzylic position can also be 
accomplished with other reagents, such a potassium permanganate 

• When an alkyl benzene is treated with potassium permanganate, a 
carboxylate salt is obtained, which must then be treated with a 
proton source in order to obtain benzoic acid



• Benzylic bromides readily undergo SN1 substitution:

• Unhindered benzylic bromides undergo SN2 substitution as well:



• Benzylic bromides are readily converted to the corresponding 
alkene(s) via E1 or E2 elimination:


