Chapter 18
Aromatic Compounds

Review of Concepts

Fill in the blanks below. To verify that your answers are correct, look in your textbook at
the end of Chapter 18. Each of the sentences below appears verbatim in the section
entitled Review of Concepts and Vocabulary.

When a benzene ring is a substituent, it is called a group.

Dimethyl derivatives of benzene can be differentiated by the use of the descriptors
, meta and , or by the use of locants

Benzene is comprised of a ring of six identical C-C bonds, each of which has a

bond order of

The stabilization energy of benzene can be measured by comparing_____ of

hydrogenation.

The stability of benzene can be explained with MO theory. The six & electrons all

occupy MOs.

The presence of a fully conjugated ring of & electrons is not the sole requirement

for aromaticity. The requirement for an odd number of electron pairs is called

rule.

Frost circles accurately predict the relative energy levels of the ina

conjugated ring system.

A compound is aromatic if it contains a ring comprised of

and if it has a number 7 electrons in the

ring.

Compounds that fail the first criterion are called
Compounds that satisfy the first criterion, but have 4n electrons (rather than 4n+2)
are

Cyclic compounds containing hetereoatoms, such as S, N, O are called

Any carbon atom attached directly to a benzene ring is called a
position.
Alkyl benzenes are oxidized at the benzylic position by or

In a Birch reduction, the aromatic moiety is reduced to give a nonconjugated
diene. The carbon atom connected to is not reduced, while the
carbon atom connected to is reduced.
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Review of Skills

Fill in the blanks and empty boxes below. To verify that your answers are correct, look
in your textbook at the end of Chapter 18. The answers appear in the section entitled
SkillBuilder Review.

18.1 Naming a Polysubstituted Benzene

PROVIDE A SYSTEMATIC NAME FOR THE FOLLOWING COMPOUND

OH 1) IDENTIFY THE PARENT
Cl AN 2) IDENTIFY AND NAME SUBSTITUENTS -
‘ 3) ASSIGN LOCANTS TO EACH SUBSTITUENT -
= Br 4) ALPHABETIZE

18.2 Determining Whether a Compound is Aromatic, Nonaromatic, or Antiaromatic

IDENTIFY EACH COMPOUND OR ION BELOW AS AROMATIC, ANTIAROMATIC, OR NONAROMATIC:

@
0 O & O
) ( ) ( ) (

[ ) (

18.3 Determining Whether a Lone Pair Participates in Aromaticity

IN THE FOLLOWING COMPOUND, IDENTIFY WETHER EACH LONE PAIR PARTICPATES IN AROMATICITY:

18.4 Manipulating the Side Chain of an Aromatic Compound

FOR EACH TRANSFORMATION BELOW, IDENTIFY THE TYPE OF REACTION THAT COULD BE USED (S\2, Sy1, E2, ETC.)

. —
~

Br
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18.5 Predicting the Product of a Birch Reduction

PREDICT THE MAJOR PRODUCT OF THE FOLLOWING REACTION:

0]

Na , CH3OH
e
NH3

Review of Reactions

Identify the reagents necessary to achieve each of the following transformations. To
verify that your answers are correct, look in your textbook at the end of Chapter 18. The
answers appear in the section entitled Review of Reactions.

0
. | Xy~ “OH
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\ Br
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©><Br X7 DOH
—_— + HBr
=
H
©/\Br S —— ©/\O + NaBr
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18.1.

a) 3-isopropylbenzaldehyde or meta-isopropylbenzaldehyde

b) 2-bromotoluene or ortho-bromotoluene
¢) 2,4-dinitrophenol
d) 2-ethyl-1,4-diisopropylbenzene

f) 2,6-dibromo-4-chloro-3-ethyl-5-isopropylphenol

18.2.

a) 4-bromo-2-methylphenol

b) 2-hydroxy-5-bromotoluene

¢) 4-bromo-1-hydroxy-2-methylbenzene

18.3.
OMe
Br Br OH
a) Cl b) ;L NO»>
18.4.

a) meta-xylene

b) 1,3-dimethylbenzene
¢) meta-dimethylbenzene
d) meta-methyltoluene

e) 3-methyltoluene
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18.5.

a) Z

b) 3-methylperbenzoic acid or meta-methylperbenzoic acid.

18.6.
Br
©/\ O)\/Br
—_—>
Compound A Compound B
(CgHs) (CgHgBI2)
18.7.

a) AH has a positive value
b) AH has a positive value
¢) AH has a negative value

18.8.

a) No, 12 is not a Hiickel number.
b) Yes, 14 is a Hiickel number.

¢) No, 16 is not a Hiickel number.

18.9. The cyclopropenyl cation is expected to exhibit aromatic stabilization.

— === Antibonding

—_ Bonding

18.10. The compound will be aromatic because there are 22 7 electron, and 22 is a
Hiickel number.

18.11.
a) antiaromatic b) aromatic ¢) antiaromatic d) aromatic
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18.12. Cyclopentadiene is more acidic because its conjugate base is highly stabilized.
Deprotonation of cyclopentadiene generates an anion that is aromatic, because it is a
continuous system of overlapping p orbitals containing 6 « electrons. In contrast,
deprotonation of cycloheptatriene gives an anion with 8 & electrons.

o O

more stable

18.13. The first step of an Sy1 process is loss of a leaving group, forming a carbocation,
so we compare the carbocations that would be formed.

e @@

The second carbocation is more stable, because it is aromatic, and is therefore lower in
energy than the first carbocation. The transition state leading to the second carbocation
will be lower in energy than the transition state leading to the first carbocation, and
therefore, the second carbocation will be formed more rapidly than the first.

18.14. The first compound is more acidic because deprotonation of the first compound
generates a new (second) aromatic ring. Deprotonation of the second compound does not
introduce a new aromatic ring:

0N

a) One of the lone pairs on oxygen

b) One of the lone pairs on sulfur

¢) The lone pair on nitrogen is NOT participating in aromaticity (8 pi electrons).

d) One of the lone pairs on sulfur

e) There is only one pair (on oxygen) and it is not participating in aromaticity.

f) Each nitrogen has one lone pair, and neither is participating in aromaticity.

g) The compound is not aromatic. In order to achieve a continuous system of
overlapping p orbitals, each oxygen atom would need to contribute a lone pair in a p
orbital, and that would give 8 & electrons (not a Hiickel number).

h) One of the lone pairs on oxygen (not the lone pair on the nitrogen)
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18.16.
Q OH OH O N/
NH A (
N OH
% NJ
O Ne
o Q ¢, |
F NS
Lipitor Zyprexa
N
sl T K j@
(0] N
H
Nexium™ Prevacid™ Plawx

18.17. The first compound is expected to be more acidic (has a lower pK,), because
deprotonation restores aromaticity to the ring. The second compound is already aromatic,

even before deprotonation.
@@/ H Base \..
N [:>N'H
S H =~

not aromatic aromatic

18.18.
a) Yes, it has the required pharmacophore (two aromatic rings separated by one
carbon atom, and a tertiary amine.
b) Meclizine crosses the blood-brain barrier and binds with receptors in the
central nervous system, causing sedation.
¢) Introduce polar functional groups that reduce the ability of the compound to
cross the blood-brain barrier.
18.19.
O O
O O O
HO ‘(Q% OH
OH HO OH L\¢J>Ki
a) b) c)
18.20.

NBS H.O
O+ = O O

a) heat
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©/\ NBS @/ I NaOEt A
b) heat
NBS NaCN

ol I

C) heat

OO OfI = 0

heat /

O\

18.21.

MgBr
—>
heat

18.22.

Theat - > e
heat 2) DMS
18.23.
1) NBS, heat O OH

\
©/\ 2) NaOEt ‘ yH 1) PrMgBr ©/\/\
3)0 2) H,0
)

4 DMS
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18.24.
a) ©)\ b) /©)\ ) d)
0] O
dOH HO)K©)\

e) f)
18.25.

C:'-d/CHg %/CHg, C%/CHg %/

e e e

- g - < -
4 ©

a) -

OCHs
b) @
18.26.

O 0]
a) ©)K b) acetophenone c) ©)K
18.27.
COOH
é/ ©/COOH

a) b) ortho-xylene C)
18.28.

a) 4-ethylbenzoic acid or para-ethylbenzoic acid

b) 2-bromophenol or ortho-bromophenol

¢) 2-chloro-4-nitrophenol

d) 2-bromo-5-nitrobenzaldehyde

e) 1,4-diisopropyl benzene or para-diisopropyl benzene
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18.32.
Cl

o

Cl

o O

ﬁjﬂm

Cl

2,3,4-
trinitrotoluene

18.34.
a) 10

18.35.

a) benzene

d) cyclohexane
g) benzene

j) cyclohexane

o
S &

Cl

2,3,5- 2,3,6-
trinitrotoluene trinitrotoluene

Cl

NO,

2,4,5-
trinitrotoluene

b) 6 c) 10 d)4 e)6

b) benzene ¢) benzene
e) benzene f) cyclohexane
h) benzene 1) benzene

k) cyclohexane

O,N NO,
NO,

3,4,5-
trinitrotoluene
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18.36. a) Yes b) No ¢) No d) Yes e) No

18.37.

aromatic

/o ?

HO S N
= OH
>~ ]A
2) X N S

b) One of the lone pairs on the sulfur atom in the five-membered aromatic ring

18.38.

a) Nonaromatic. The lone pairs on the oxygen atom will remain in sp’ hybridized
orbitals in order to avoid anti-aromaticity.

b) Nonaromatic. The lone pair on the nitrogen atom will remain in an sp’ hybridized
orbital in order to avoid anti-aromaticity.

¢) Aromatic. One of the lone pairs of the sulfur atom occupies a p orbital, thereby
establishing a continuous system of overlapping p orbitals, containing six 7 electrons.

d) Aromatic. Both lone pairs occupy sp’ hybridized orbitals and do not participate in
establishing aromaticity.

e) Aromatic. A continuous system of overlapping p orbitals, containing six 7 electrons.
f) Non aromatic. The nitrogen atom does not have a p orbital, so there is not a continuous
system of overlapping p orbitals.

g) Aromatic. The lone pair of the oxygen atom occupies a p orbital, thereby establishing
a continuous system of overlapping p orbitals, containing six 7 electrons.

h) Aromatic. Both lone pairs occupy p orbitals, thereby establishing a continuous system
of overlapping p orbitals, containing six m electrons.

18.39.

o8
a) O~ Loss of the leaving group generates an aromatic cation.

)—Cl
b) Loss of the leaving group generates an antiaromatic cation.

18.40.

@ Deprotonation of cyclopentadiene generates an aromatic anion.
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18.41. The second compound is a stronger base, because the lone pair on the nitrogen
atom is localized and available to function as a base. However, the nitrogen atom in the
first compound is delocalized and is participating in aromaticity. This lone pair is
unavailable to function as a base, because that would cause a loss of aromaticity.

18.42. Six =m electrons are required in order to achieve aromaticity. This cation only has
four electrons.

18.43. If both lone pairs occupy p orbitals, then there is a continuous system of
overlapping p orbitals. There are 10 & electrons, so the dianion is aromatic.

18.44. Yes. The lone pairs on the nitrogen atoms do not contribute to aromaticity.

They occupy sp’ hybridized orbitals. One of the lone pairs on the oxygen atom (in the
ring) occupies a p orbital, giving a continuous system of overlapping p orbitals containing
six 7 electrons.

18.45. Steric hindrance forces the rings out of coplanarity.

18.46. Benzene does not have three C-C single bond and three C-C double bonds. In
fact, all six C-C bonds of the ring have the same bond order are the same length.
However, cyclooctatetraene has four isolated m bonds. The molecule adopts a tub shape
to avoid antiaromaticity. Some of the C-C bonds are double bonds (shorter in length),
and some of the C-C bonds are single bonds (longer in length). Therefore, the two
methyl groups can be separated by a C-C single bond or a C=C double bond. And those
two possibilities represent different compounds.

18.47.

0 o S A

heat or light BY

b) H>SO,4 , H0 OH
E—"

¢) heat

Br

©)Y o h
—_—
d)

a)



CHAPTER 18 423

18.48.
a)6 b)S5 ¢©)3 d)9
18.49.
H H H H
Me i%"\‘a Me Oi Me H/\}\CH3 Me
Me 9 Me Me Me Me
H H H
H H
Me Me
Me Me
H H

18.50. meta-Xylene.

18.51.

a) The first compound would lack C-H stretching signals just above 3000 cm™, while the
second compound will have C-H stretching signals just above 3000 cm ™.

b) The "H NMR spectrum of the first compound will have only one signal, while the 'H
NMR spectrum of the second compound will have two signals.

¢) The *C NMR spectrum of the first compound will have only two signals, while the
BC NMR spectrum of the second compound will have three signals.

18.52. When either compound is deprotonated, an aromatic anion is generated, which
can be drawn with five resonance structures. The resulting anion is the same in either
case.

18.53. In cycloheptatrienone, the resonance structures with C+ and O- contribute
significant character to the overall resonance hybrid, because these forms are aromatic.
Therefore, the oxygen atom of this C=0 bond is particularly electron rich. A similar
analysis of cyclopentadienone reveals resonance structures with antiaromatic character.
These resonance structures contribute very little character to the overall resonance hybrid,
and as a result, the oxygen atom of this C=0 bond is not as electron rich when compared
with most C=0 bonds.
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18.54.
a) Each of the rings in the following resonance structure is aromatic.

O

Therefore, this resonance structure contributes significant character to the overall
resonance hybrid, which gives the azulene a considerable dipole moment.

18.55.
(‘)H
Br 1) Mg @/\ H,SO,, heat ©/\
—O> —_—
2)
Hk
3) H,O
18.56.
: 7L'C5H N
< > \
Cl
G &t
H
\\T’/Oi® -HQO @ >
@—/ H _— ) —_— ©
H
tertiary carbocation benzylic carbocation
18.57.
O
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@)

©/ 1) NBS, heat H
2) NaOH

a) 3) PCC, CH20|2

©/ 1) NBS, heat o~
e
b) 2) NaOEt

3) H202, NaOH

/
@A 1) conc. HpSO,, heat OH
2) BHg+THF B

1) NBS, heat
m—— 7S
2) HC=CNa

425
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18.61.

a) The second compound holds greater promise as a potential antihistamine, because it
possesses two planar aromatic rings separated from each other by one carbon atom. The
first compound has only one aromatic ring. The ring with sulfur and oxygen is not
aromatic and not planar.

b) Yes, because it lacks polar functional groups that would prevent it from crossing the
blood-brain barrier.

18.62. No, this compound possesses an allene moiety (C=C=C). The p orbitals of one
C=C bond of the allene moiety do not overlap with the p orbitals of the other C=C bond.
This prevents the compound from having one continuous system of overlapping p
orbitals.

18.63.
‘ X
7
Compound A Compound B Compound C Compound D

18.64. The nitrogen atom in compound A is localized and is not participating in
resonance. The nitrogen atom in compound B is delocalized, and some of the resonance
structures are aromatic. These resonance structures contribute significant character to the
overall resonance hybrid. The nitrogen atom in compound B is not available to function
as a base.

)\ O
@ 1) NBS, heat @JL @AK
) NaOEt DMS
Na, NHs
CH4OH

18.65.

@)

o8
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18.66.

NBS gr  HC=CNa
—_— »
heat ©/\

1) NaNH,

i

e aNe
- X
O — O Lindlar's catalyst SN

MCPBA

SN



