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Aromatic Heterocycles
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two resonance structures for pyridine
6  electrons =

Six & electrons are delocalized in the ring.

- H v ' H
| H < Thelone pair occupies an sp? hybrid orbital,
\N perpendicular to the direction of the six p orbitals.
'T H b HI |

sp? hybridized N

A p orbital on N overlaps with adjacent p orbitals,
making the ring completely conjugated.
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Aromatic Heterocycles

The ring is completely conjugated
with 6 & electrons.

Lo

[/ \5 Y _ 7 The lone pair resides in a p orbital. |
/ﬂ i R [fart ¥ the ring)
H » (Hhe-pace ¢ & al We same level
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Nomenclature: 1 Substituent

Systematic:
CH3
Osa O O
ethyl group chloro group
tert-butyl group
ethyl tert-butylbenzene chlorobenzene
Common nawi,
Common:
— (&) oo
g T
toluene phenol aaﬁne
(methylbenzene) (hydroxybenzene) (aminobenzene)
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Nomenclature:

|dentical:

1,2-disubstituted benzene
isomer l

Br

Br

1,2-dibromobenzene
o-dibromobenzene

Different:

Alphabetize two different substituent names:
-

P Of{ho
o-bromoehloro- m-ﬂuoromtro-
benzene benzene

@Substituents

&\ 512 AL
1,3-disubstituted benzene 1,4-disubstituted benzene
isomer l jsomer |
Br Br
Br

Br

1,4-dibromobenzene
p-dibromobenzene

1,3-dibromobenzene
m-dibromobenzene

Use a common root name:
t0|Uene~rcammm phenol
group
hen #he
~ P Y ol at
pbromotoluene o-nitra h ol bar2en
ing



Nomenclature: 3 or More Substituents

Examples of naming polysubstituted benzenes

1
[1] /@LiCHQCH;;
Cl T T CH,CH,CHj;

4 2

* Assign the lowest set of numbers.

* Alphabetize the names of all the
substituents.

4-chloro-1-ethyl-2-propylbenzene

NH, .
2] cl -1 ( an),;clocl(wuse
2 4
1 Y) ww
T Cl
5

* Name the molecule as a derivative of the
common root aniline. amine 9700 at benzen 1N

* Designate the position of the NH, group as “1,”
and then assign the lowest possible set of
numbers to the other substituents.

2,5-dichloroaniline
-
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Nomenclature
[ g
* A benzene substituent is called agphenyl group, and it can be abbreviated
in a structure as “Ph-".

q

<

e H OH
abbreviated as | Ph— = | CgHs—H = | CgHs—OH
: PhH PhOH

phenyl group benzene phenol
CeHs—

_yarmakc
* The benzyl group: i -roups:
= oy o0 Ply =
CHy—§  Hhe meuy) onp A : :
©/ \an extra CH, group /©/

CHj CHj

benzyl group Br
C6H5CH2_
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Interesting Aromatic Compounds

* Benzene and toluene, are obtained from petroleum refining and are
useful starting materials for synthetic polymers.

« Compounds containing two or more benzene rings that share carbon—
carbon bonds are called polycyclic aromatic hydrocarbons (PAHS).
Naphthalene, the simplest PAH, is the active ingredient in mothballs.

The components of the gasoline additive BTX |

O O O

benzene toluene p-xylene naphthalene
(used in mothballs)
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Interesting Aromatic Compounds

NHCH;

(L
(L

Cl

* Trade name: Zoloft

* Generic name: sertraline

* Use: a psychotherapeutic
drug for depression and
panic disorders

¢

* Trade name: Viracept

* Generic name: nelfinavir
* Use: an antiviral drug used

to treat HIV

9

¢ Trade name: Valium
* Generic name: diazepam
* Use: a sedative

O /CH:s
CH,CH

32N HN | N\N
. /

N

0,8
2 \N/\I
(N
CH,

* Trade name: Viagra

* Generic name: sildenafil
* Use: a drug used to treat

erectile dysfunction

(kz> 2s)

O
0]

N(CH,CHj),

* Trade name: Novocain
* Generic name: procaine
* Use: a local anesthetic

(1302CH2CH3
N
N,
Cl \ J

* Trade name: Claritin
* Generic name: loratadine
* Use: an antihistamine

for seasonal allergies
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Interesting Aromatic Compounds

e Benzola]pyrene, produced
by the incomplete oxidation
of organic compounds
in tobacco, is found in
cigarette smoke.

benzo[a]pyrene
(a polycyclic aromatic hydrocarbon)

:olfSw/C
—"
tobacco plant
© David Young-Wolfi/PhotoEdit © Corbis
 When ingested or inhaled, benzo[a]pyrene and other similar PAHs are
oxidized to carcinogenic products. 25
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Electrophilic Aromatic
Substitution

Chapter 16
Organic Chemistry, 8" Edition
John McMurry
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Addition |

Substltutlon | ©/

Introduction

X, "
X - <— The product is not aromatic
Y X
E
E+
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Introduction
Reaction u g,, dhe Electrophile

[1] Halooenaﬁon—Replaeemen{of H by X (Cl or Br) ML H HoN
D —

H X
@ Xz ©/ E*=Cl*orBr
FGXs

X=Cl arylhalide
X=8Br

[2] Nitration—Replacement of H by NO,

NO,
e " =

nitrobenzene

[3] Sulfonation—Replacement of H by SO;H

O/H ©/so,u e

benzenesulfonic acid

[4] Friedel-Crafts alkylation—Replacement of H by R
(the “lkﬂ‘ 61'0“?5 (al Kane. a\nl(mcm\iinj)

H 1
@ RCI @/ . E'=R*
JRU— 4
AICI;

alkyl benzene
(arene)

[5] Friedel-Crafts acylation—Replacement of H by RCO

Grooyynal arowp 0
Il

H c
@ RCOCI "R E* =RCO
—_—
AICI,

ketone



Mechanism

‘ Oit | Mechanism 18.1 General Mechanism—Electrophilic Aromatic Substitution

Addmon of the electrophnle (E*) to form a carbocation
H -

e Gfgh -

Addition of the electrophile (E*) forms a new C—E bond
using two nt electrons from the benzene ring, and
generating a carbocation. This carbocation intermediate
is not aromatic, but it is resonance stabilized—three
resonance structures can be drawn.

M‘ resonance-stabilized carbocation
Grbon [no skable n‘na) « Step [1] is rate-determining because the aromaticity
(Posi l‘Noy chqrw) of the benzene ring is lost.

(gtep [2]) Loss of a proton to re-form the@matic ring)

_HT B
‘g AL
B
x

In Step [2], a base (B:) removes the proton from the
carbon bearing the electrophile, thus re-forming the
aromatic ring. This step is fast because the
aromaticity of the benzene ring is restored.

Any of the three resonance structures of the carbocation
intermediate can be used to draw the product. The
choice of resonance structure affects how curved
arrows are drawn, but not the identity of the product.

transition state

Step [1]

transition state

Energy

Reaction coordinate
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Halogenation

* _»Oh’; ' Mechanism 18.2 Bromination of Benzene

Step [1] Generation of the electrophile

gs: sl % R -
Br—Br: + FeBry, —  :Br—Br—FeBr,

Lewis base Lews acid electrophile
(serves as a source ofﬁ:)

* Lewis acid-base reaction of Br, with FeBr;

forms a species with a weakened and
polarized Br—Br bond. This adduct serves
as a source of Br® in the next step.

Step [2] Addition of the electrophile to fom1 a carbocation

H N\
e
CFalhsmn— Qg = O
(ne sl-dme)

resonance-stabilized carbocation
+ FeBr,~

¢ Addition of the electrophile forms a new
C-Br bond and generates a carbocation.
This carbocation intermediate is resonance
stabilized—three resonance structures
can be drawn.

¢ The FeBr, also formed in this reaction is

the base used in Step [3].

Step (3] Loss of a proton to re-form the aromatic ring

Br .. FeBra Br
+ HBr + FeTBr3

The catalyst is
regenerated.

FeBr,” removes the proton from the carbon
bearing the Br, thus re-forming the
aromatic ring.

FeBr,, a catalyst, is also regenerated for
another reaction cycle.
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