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THESTRUCTUREOF BENZENERING

o Benzene, CgHg, 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 STRUCTUREOFBENZENE |

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 thebcarbon-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
ORBITALMODELFORBENZENE |

o Each carbon is therefore sp2-hybridized,

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

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.
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SYM

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 relectrons 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 @U“MU
N N o} S
Benzene  Pyridine Pyrrole Furan Thic;i;hene
Examples O @ ® o
A A A
dn+2= 8 10 2 2 4

n= 2 0 0 0.5

O OO o

= 0.5 0.5 1 0.5

4nt2 =
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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.
NO, CH,CH, CH,CH,CH,

O 00O

bromaben ] nitrobenzene thylt ne propylbenzene

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

CH, CH_;CHCH; CH=CH, OH
OO0 0 O
@ @
OCH, CH=0  CH,C=0 CO,H NH
A AL A @
- N o

nisole benzaldehyde acetophenone enzoic acid
anisole enzaldehyde icetophenone benzoic acid iniline et S

NOM

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.

X
0 0
T, e
m " m
1
P
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NOM

o Examples;

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

identical. a
\ CHCHQ\
O QO O

o-bromochlorobe oluene p-chlor chlorophenol
‘v-m.‘,l stial arder)

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

CH, CH, CH,

1 1 1
. - CH, ‘Shl NO,._, : NO,
E 3 3 J 5 3

7 a’ > a 7

N

the ring.
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NOM

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.

Gt or @ CHCH=— or @ CH,—

phenyl group benzyl group

Ph\©ph ( \> CH,Cl

Ph benzyl chloride

1,3,5-triphenylbenzene

CH,CHCH,CH,CH,

12
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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 ) H Red hot O ‘
iron tube
CH 873K
\\q

CH
2) Decarboxylation of aromatic acids:

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

COONa
CaO
+ NaOH ? + Na,CO,
PREPARATION OF BENZENE

3) Reduction of phenol:

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

A
+ Zn — + ZnO

14
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REACTIONS OF BENZENE

A) ELECTROPHILIC AROMATIC SUBSTITUTION |
1) Halogenation 4) Alkylation (Friedel-Crafts)
j ’ .\.‘{ — CLBr @ i @ .- JR = alkyl group j
2) Nitration ) 5) Acylation (Friedel-Crafts)

: H,50 - 0 |
+ HOMO, —— + H, (O .
O C O +R—C—Cl 1% j + HEl

3) Sulfonation

1 50,
15
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REACTIONS OF BENZENE
A)E

The Mechanism of Electrophilic Aromatic Substitution

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

H :
O O O

16
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REACTIONS OF BENZENE
A) ELECTROPHILIC AROMATICSUBSTITUTION

The Mechanism of Electrophilic Aromatic Substitution

1) Halogenation
Cl Cl

. 1
:Cl—Cl: + z:le—c1 = Cl: Qe F]e——Cl

Cl Cl
stror lect ‘E“' e

Oe-ER-Qd Ce

resonance forms ()f.] benzenonium ion

electrophile

{ >Jc‘|—~_'(':_1:‘.-;:3(:1.1 —- ( >\; + FeCl,~

1 carbocation

~cr
r’/l’ \\‘ o H ,r'./ “‘f\\\
" — { Y—Cl +H" (as HCl)
\'\,_/ \'Cl \.\_ /

i
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REACTIONS OF BENZENE
A) ELECTROPHILIC AROMATICSUBSTITUTION

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 contams a positively charged nitrogen

atom. “o. v, 0
// 0 H* e »*
H—O—N — H-O;:-N e W N + H,0
. Tl I :
'.0.' H ‘-O.‘ 10
nitric acid protonated pltvoniun
H H N H
» A v
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REACTIONS OF BENZENE
A) ELECTROPHILIC AROMATICSUBSTITUTION

The Mechanism of Electrophilic Aromatic Substitution

3) Sulfonation

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

o Sulfuric acid provides catalyst as following:

H—O0SO,H == H" + “0SO;H.
U

¢
i //L:H
~F = ‘\//J
REACTIONS OF BENZENE

A) ELECTROPHILIC AROMATICSUBSTITUTION |
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, AICI;) .

a a
C]*H‘\I + CICH,CH, = C!*AI —Cl + CH,CH, ~— CH,=CH, @420}
(‘_'] él ,
iz CH H cH H CcH.CH E
AN X K X o
g —J - - U U

20
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REACTIONS OF BENZENE

A) ELECTROPHILIC AROMATICSUBSTITUTION

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.

1
|
CH,CCl + AICl, == CH,C=0 + AlCl,
O

wcetyl choride acetyl cation
( >~LH:_|::~< >\ SV CCH
\ CCH,; —_—
0

21
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DISU

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,4 CH,
/K /K/ NO,
N Hono, S
_HONG, "
~F Yy
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
NO, NO,

isomer.
NO,

mela isomer
mp 89°C
22

93%
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nitrobenzene
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DISUBSTITUTED BENZENES: ORIENTATION & REACTIVITY |

Directing and Activating Effects of Common Functional Groups

Substituent group

—NH,, —NHR, —NR,

Name of group

amino

'.E %):H, {(iCH,. {(éR hydroxy, alkoxy E
s acylamino g
5. 7-I\;H“C?7R ' = . . .
g = Substituents that release electrons to the ring will
—CH,, —CH,CH., — alkyl . . . . .
. ..fH S ) ’ activate the ring toward electrophilic substitution.
—F% 7.5. :,iB_r:,vI: alo
i i Al carbony = Substituents that withdraw electrons from the ring
—C— OH ) » ] aps
o » will deactivate the ring toward electrophilic
7Q7NH, 7|C‘7§):R carboxamido, carboalkoxy S ubstitution.
= g
a 7579H sulfonic acid E
£ b
—C=N cyano
+/6

SIDE-CHAIN REACTIONS OF BENZENE-DERIVATIVES |
1. Halogenation of an Alkyl Side Chain

CHzBr
o S + HBr
I_, V light
Toluene Benzyl bromide
CHCICH CH2CH,Cl
CH3CHa 3 ESbs CH;CH; “CHCH, CHCH; CHCH: CHCH:
C|" removal of
b\ light anEyCl by Cl e e
Ettibenzne
Ethylbenzens 1-Chloro-1-pherylethane 1-Chloro-2-phenylethane

(major product) (minor product)

QHCH_
;

Delocalization of the odd electron
stabilizes the free radical
facilitating its formation

24
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SIDE-CHAIN REACTIONS OF BENZENE-DERIVATIVES

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 COO0OH

@ hot KMnO . ©
—_—

Toluene Benzoic acid

ch@cm H3CH2C@CHZCH3

p-Xviens p-Disthylbenzens

hot KMnO, hot KO,
HWC@CWH

Terephthatic acid

(arawmaterial used in
synthesizing Dacron and 25

other polyesters) Dr Mohamed El-Newehy
PROBLEM 4.7 Draw the structure of
a. o-dinitrobenzene b. m-nitrotoluene c. p-bromophenol d. 4-chloroaniline
e. p-vinylbenzaldehyde f. 1,4-dichlorobenzene g. 1,3,5-trimethylphenol

h. 4-ethyl-2,6-difluorotoluene

EXAMPLE 4.2

Write out the steps in the mechanism for the nitration of benzene.

PROBLEM 4.12 Write out the steps in the mechanism for the sulfonation of
benzene.

26
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