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CHAPTER 4

AROMATIC COMPOUNDS




THE STRUCTURE OF BENZENE RING

o Benzene, CgzHg, is the parent hydrocarbon of the especially stable compounds known

as aromatic compounds.

o The carbon-to-hydrogen ratio in benzene, CzHg, suggests a highly unsaturated structure.

o It does not undergo the typical addition reactions of alkenes or alkynes.

o Instead, benzene reacts mainly by substitution reactions.
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THE STRUCTURE OF BENZENE RING

THE KEKULE STRUCTURE OF BENZENE

o He suggested that six carbon atoms are located at the corners of a regular hexagon,
with one hydrogen atom attached to each carbon atom.

o To give each carbon atom a valence of 4, he suggested that single and double bonds
alternate around the ring (what we now call a conjugated system of double bonds).

o All of the carbon-carbon bond lengths are identical: 1.39 A, intermediate between

typical single (1.54 A) and double (1.34 A) carbon-carbon bond lengths.
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THE STRUCTURE OF BENZENE RING
ORBITAL MODEL FOR BENZENE

o Each carbon is therefore sp2-hybridized,

o It also explains its hexagonal shape, withH - C-Cand C - C-C angles of 120°.

N\ /. & A
//C*gc\\ \_C——C./
H—C\ . . /C—H S H—C\ = /C—H
Y___ Y R X
H \u i H

An orbital representation of the bonding in benzene. Sigma (s) bonds are formed by the end-on
overlap of sp? orbitals.

In addition, each carbon contributes one electron to the pi (p) system by lateral overlap of its p
orbital with the p orbitals of its two neighbors.

5

Dr Mohamed EI-Newehy



SYMBOLS FOR BENZENE

o Two symbols are used to represent benzene.
= One is the Kekulé structure, and

* The other is a hexagon with an inscribed circle, to represent the idea of a

delocalized pi electron cloud.

Kekulé delocalized pi cloud
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AROMATIC CHARACTER (ARMATICITY)

o Aromatic character (Aromaticity) is associated with several structural
requirements.

1) Cyclic structure.

2) Cyclic structure contains what looks like a continuous system of alternating

double and single bonds.

3) Aromatic compounds must be planar.

4) Aromaticity is possible only if it obeys Huckel’s rule.

The number of & electrons in the compound = (4n + 2)

Where (n = 0,1, 2, 3, and so on).
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AROMATIC CHARACTER (ARMATICITY)

n 4n + 2 Structure and name of aromatic compound
=
1 6 SEORBYS [\
3 i 2 s
Benzene  Pyridine  Pyrrole Furan Thiophene
Examples © @ ® o
PN A A A
4n+2= 8 10 2 2 4
n= 2 0 0 0.5

o 00

n:
0.5 0.5 1 0.5 2
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NOMENCLATURE OF AROMATIC COMPOUNDS

o Monosubstituted benzenes that do not have common names accepted by IUPAC are
named as derivatives of benzene.

(IZH ,CH; CH,CH,CH,;
()
\/
bromobenzene chlorobenzene nitrobenzene ethylbenzene propylbenzene

o Monosubstituted benzenes that have common names are accepted by IUPAC (parent
compounds).

H, CHic§CHz CH=CH, OH
benzene toluene cumene styrene phenol
CH,C=0 CO,H

O O .

anisole benzaldehyde acetophenone benzoic acid aniline

</>
O
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NOM MPOUND

o When two substituents are present, three isomeric structures are possible.

o They are designated by the prefixes; ortho- (0-), meta- (m-) and para- (p-).

o If substituent X is attached to carbon 1; O- groups are on carbons 2 and 6, m- groups

are on carbons 3 and 5, and p- groups are on carbon 4.
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NOMENCLATURE OF AROMATIC COMPOUNDS

o Examples;

Cl C l Cl

1 ('-l 1
6 - 2
5 3 /
4 4
ortho-dichloro- -dichlorc p hl I ra- \\l ne
benzene l nzene b nzene

o The prefixes; ortho- (0-), meta- (m-) and para- (p-) are used when the two substituents are not
identical. g -

Br \/\ CH,CH,
e O
~F NO, OH

o-bromochlorobenzene m-nitrotoluene p-chlorostyrene chlorophenol o-ethylaniline
(note alphabetical order)

o When more than two substituents are present, their positions are designated by numbering

the ring.
CHa CH,
5 3
a” > a
CH3

CH,

NO,
1,2,4-tri- 3,5-dichlorotoluene 2,4,6-trinitrotoluene 11
methylbenzene (TNT) Dr Mohamed El-Newehy



NOM MPOUND

o Aromatic hydrocarbons, as a class, are called arenes.
o The symbol Ar is used for an aryl group, (symbol R is used for an alkyl group).
o Therefore, the formula Ar - R would represent any arylalkane.

o Two groups with special names occur frequently in aromatic compounds; the phenyl
group and the benzyl group.

C6H5— or Q C6H5CH2_ or QCHZ_

phenyl group benzyl group
CH,CHCH,CH,CH;,
Ph Ph / \
Or< t; { Ve
Ph \I/l “hloride

2-phenylpentane Hl nylcyclopropane 1,3,5-triphenylbenzene
(or 2-pentylbenzene) (or cyclo “ )pylbenzene
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PREPARATION OF BENZENE

o Benzene may be prepared in the laboratory by the following methods.
1) Cyclic polymerisation of ethyne:

CH Red hot
e) iron tube

CH 873 K
R
2) Decarboxylation of aromatic acids:

o Sodium salt of benzoic acid on heating with sodalime gives benzene.

COONa

CaO
+ NaOH T + Na,CO,
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PREPARATION OF BENZENE

3) Reduction of phenol:

o Phenol is reduced to benzene by passing its vapors over heated zinc dust.
OH

A
+ Zn — + 7ZnO
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REACTIONS OF BENZENE

A) E ROPEH AROMA = TION
1) Halogenation 4) Alkylation (Friedel-Crafts)
X R
©+ X, <Xy . ©+H.\' ©+ RCl A <>+HC1
X =Cl, Br R = alkyl group
2) Nitration 5) Acylation (Friedel-Crafts)
NO, 0O R
Q=== Qulea ¢
+ R—C—l + HCI
3) Sulfonation
SO-H

A . 50,
O + HOSO;H s © + H,0
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REACTIONS OF BENZENTE
A) E BSTITUTION

The Mechanism of Electrophilic Aromatic Substitution

We can generalize this two-step mechanism for all the electrophilic aromatic substitutions.

/i \*; LR step 1 ,:‘rl: step 2 @ E+HT
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REACTIONS OF BENZENTE

A) ELECTROPHILIC AROMATIC SUBSTITUTION

The Mechanism of Electrophilic Aromatic Substitution

1) Halogenation
Cl Cl

| .
Cl— 1 + Fe—Cl — Cl ----- Cl----- Fe—Cl

| |
Cl Cl

weak strong electrophile
electrophile

/ \ 3+ / : . H I.":I o H o H o H
+ c1—c1 FeCl, — Ng T EeCl” a a al

. ortho para
a benzenonium ion

(a carbocation)

Cl
N Cl + H™ (as HCI
[ Ra— e wia

resonance forms of a benzenonium ion

ortho

o H

Cl;‘.l['l'll_'lt‘lf'iltf_’ J'L‘].'ﬁt'r;*rlt‘['ltdﬂuli

of the benzenonium ion
resonance hybrid
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REACTIONS OF BENZENTE
A) E BSTITUTION

The Mechanism of Electrophilic Aromatic Substitution
2) Nitration

In aromatic nitration reactions, the sulfuric acid catalyst protonates the nitric acid, which then
loses water to generate the nitronium ion (NO,"), which contains a positively charged

nltrogen atom. “O "0 $O:
. + ‘,ﬁ,r/"' 'y Ht + + / - ||
H—D—N\ . —— H— D N\f p— + H,O
0i S ”

nitric acid protonated nitronium
nitric acid ion

OO -G -

enzene

r\c)_
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REACTIONS OF BENZENTE
A) E BSTITUTION

The Mechanism of Electrophilic Aromatic Substitution

3) Sulfonation

o We use either concentrated or fuming sulfuric acid, and the electrophile may be
sulfur trioxide, SO5, or protonated sulfur trioxide, *SO3H.

o Sulfuric acid provides catalyst as following:

H- OSO.H = H* + “0SO,H.

SO.H

- @
V
enzene L1|[ mic
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REACTIONS OF BENZENE
A) ELECTROPHILIC AROMATIC SUBSTITUTION

The Mechanism of Electrophilic Aromatic Substitution

4) Alkylation (Friedel-Crafts)

The electrophile is a carbocation, which can be formed either by removing a halide ion from an

alkyl halide with a Lewis acid catalyst (for example, AlICl;) .

Cl Cl

| | , X
Cl—Al + CICH,CH; — Cl—Al —Cl + CH,CH, ~>— CH,=CH, (4.20)

| | ethyl
cl Cl cation

_

'H  CH.CH. H CH,CH. H CH,CH.]
T~ P W W
( \ _ K . §
FOCHCH, — |~ | — | A —
N N | 7

ethylbenzene

benzene
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REACTIONS OF BENZENTE
A) E BSTITUTION

The Mechanism of Electrophilic Aromatic Substitution
5) Acylation (Friedel-Crafts)

The electrophile is an acyl cation generated from an acid derivative, usually an acyl halide.

The reaction provides a useful general route to aromatic ketones.

]
CH,CCl + AlCl, = CH,C=0 + AlCl,”

acetyl choride acetyl cation

H O
/ \ — .... — "JJ i'l‘ll —H_ ||
FCHC=0=¢ N CCH,
\ CCH,
||
O

acetophenone
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DISUBSTITUTED BENZENES: ORIENTATION

Substituents present on an aromatic ring determine the position taken by a new substituent.

o Nitration of toluene gives mainly a mixture of o- and p-nitrotoluene.

CH; CH, CH,
N oo, N
- +
\/ \/
toluene ortho isomer NO,
bp 222°C
59% para isomer

bp 238°C, mp 51
37%

o On the other hand, nitration of nitrobenzene under similar conditions gives mainly the meta
Isomer. NO, NO,

HONO,

NO,
nitrobenzene meta isomer
mp 89°C
93% 22
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DISUBSTITUTED BENZENES: ORIENTATION & REACTIVITY

Directing and Activating Effects of Common Functional Groups

Substituent group Name of group
—NHZ, —'N.HR, —.r\iR2 amino

';:o —:CéH, —§CH3, —g):R hydroxy, alkoxy g.

g ﬁ acylamino g'.

E _.. S . L] ] Ll

g = Substituents that release electrons to the ring will
B - activate the ring toward electrophilic substitution.
=3 —El ,—Bri -t halo
i . o carosy = Substituents that withdraw electrons from the ring
—C—R —C—OH . . . TH
.. . will deactivate the ring toward electrophilic
—Q—NHZ —Q—E).R carboxamido, carboalkoxy Substitution.

& o 2

‘g —S—OH sulfonic acid g.

g
—C=N: cyano
—N/CT: nitro 93
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SIDE- -DERIVATIVE

1. Halogenation of an Alkyl Side

Chain CH4 CHaBr
UV light
Toluene Benzyl bromide
CHCICH CH,CH,CI [ |
CH5CHa 3 22 CH,CH, *CHCH; CHCH, CHCH: CHCH:
D= O - O = |0~ G — (—0
“UViight hcht | suH byl
Ethylbenzene -\ /
Ethvlbenzene 1-Chloro-1-phenviethane 1-Chloro-2-phenvlethane
(major product) (minor product)

Delocalization of the odd electron
stabilizss the frs= radical
facilitating its formation
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SIDE- -DERIVATIVE

2. Oxidation of an Alkyl Side Chain

o Conversion into a carboxyl group, -COOH, by treatment with hot potassium permanganate.

o Regardless the length of the alkyl chain, the product is always the same.
CHa COOH

hot KMnO

—_—— -

Toluene Benzoic acid

HaC Ocm HaCH,C OCHZCH3

p-Xviene p-Diethvlbenzene

hot KMnOA‘ \hot KMnO4
HOOC—@—COOH

Terephthalic aad

(a aw material usedin
synthesizing Dacron and 05
other polvesters)
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