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Introduction

Benzene and its alkyl substituted homologues are known as aromatic
hydrocarbons or arenes.

General Formula: C H,, .

CH 3 CH 2C H 3
Benzene Toluene Ethyl benzene
CHj, HC—CH,
CHj
o-Xylene Cyclopropyl Vinyl Benzene

Benzene



Nomenclature

The root word for benzene derivative is Benzene in both IUPAC and common
name

When only one substituent is attached to benzene

ol

Special name to monosubstituted benzene

CHs,

>

Toluene



When two similar substituent attached

NO,

NO,

m-Dinitrobenzene

When two dissimilar substituent attached

Cl

Br

o-Bromochlorobenzene



Preparation of Aromatic Hydrocarbons

*»* Friedel-Crafts Alkylation

** Wurtz-Fittig reaction

** Reduction of acylbenzenes

** Hydrogenation of alkenylbenzenes




Friedel-Crafts Alkylation

CHs

© +  CcH AlCl : © . HCI

Toluene




Wurtz-Fittig reaction

Dry Ether
+ 2Na + X-R , + INaX




Mechanism :

Step:1 Formation of free radicals:

C¢HsBr + Na —— Yy~ Colls + NaBr
CH;Br + Na —— 3 - CH; + NaBr

Step:2 Carbon-Carbon coupling of free radicals:

7N\
CeHs - + - CHj P  CcHs---CH;
Toluene
7\
CeHs -~ + - CgHs P CoHs--CgHs
Diphenyl
7N\
CH; - + - CH; P  CH;---CHj;

Ethane



Reduction of acylbenzenes

o Hy

Co R Co =
o4l Zn/Hg HCl - + H,0
(Or) N2H4, I(O]gll't

Hydrogenation of alkenylbenzenes

IO
0
o
4
o
Y

N1 H, H,
C -C-R
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General Physical Properties

Alkylbenzenes are all colourless liquids with a characteristic odour
Lighter than water

Non-polar

Miscible with non-polar solvents like petroleum ether, CCl, etc.
M.P. and B.P. show the usual regular gradation

Inflammable and burns with sooty flame



General Chemical Properties

A. Electrophilic aromatic substitution reactions

1. Halogenation:

Cl

O o Lo (O

Mechanism:

©
(i) CI-Cl + FeCly s———= FeCl, + Cl

£ [ W ¢ H C H o |

® ® ®

(i1) + Cl 5 _—— _—
L ® mo

Resonance Stabilized Carbocation

Cl Cl

(1) @ S © Fast
+ FeCly, , + HCI + FeCl, (Fast)

o-complex

(Slow)



2. Nitration:

NO,

H,SO,
+ HNO3 o + HzO

3. Sulphonation:

SO,H
Fuming H,SO,

O+ msor e () o




4. Friedel-Crafts Alkylation:

CHs

anhydrous AICI
[::j + CH;CI Y > [:i:] . HOl

5. Friedel-Crafts Acylation:

COCH;

anhydrous AlCl;
[::] * Reod - [j:] + HCl + AIC




B. Free radical substitution and addition reactions:

1. Reactions of the side chain:

CH,4 CH,CI CHCl, CCl;
Cl, heat or light Cl, heat or light Cl, heat or light
> > >
-HCI -HCI -HCl
Toluene Benzyl Chloride Benzal Chloride Benzotrichloride
Stepl CLCl heat or light . 2CI
Step 2 7’) -HCl
<i>—c;H2 +Cl: —— QCHZ © + HCI
Toluene Benzyl Radical

OCHZ' + Cl—(:l\ _— OCHZCI + CI-

Benzyl Radical Benzyl Chloride



Mechanism:
Free radical substitution reaction, similar to that of halogenation
of alkanes

heat or light
Step1 CI-Cl AT b
Step 2 ' _HCI
Toluene Benzyl Radical
Step 3
) a —w {)—ome v
Benzyl Radical Benzyl Chloride

Step 2 and 3 are repeated, step-2 is the and step-3 is the



2. Birch Reduction:

H__H
© + 2Na + 2CH;OH — Q + 2CH;0Na
H™ H

1,4-Cyclohexadiene

Mechanism:
Step 1 //\ H_.
. @
(@ + Na Electron Transfer . + Na
N P
Anion radical
Step 2 H_. Proton H
(\ Transfer
\+/H_OCH3 j i
H© H” “H
Cyclohexadienyl
radical
Step 3 H m Ho o
H™ H H™ H
Carbanion
Step 4 Ho o /\‘(_‘ H o H
H-OCH
oct, + CH,0°
H “H H™ “H

Carbanion 1,4-Cyclohexadiene



3. Addition of hydrogen:

Ni
under pressure




C. Oxidation

COOH
KMHO4

n-propylbenzene



Molecular formula of Benzene- C.H,

It shows high degree of unsaturation
It should contain four double bonds or four double bond equivalents

H;C—C=C—C=C—CH, HC==C—C=C—C=CH, H,C=C=C=C=C—CHj

1) (1D) (1IT)

All these structures do not explain the behaviour of benzene
v' Benzene is stable to oxidising agents, like KMnO,

v' Benzene adds three and only three molecules of hydrogen and halogens
unlike the addition to aliphatic unsaturated hydrocarbons

v' Benzene undergoes substitution by halogens under conditions which are
quite different from alkanes



v’ Benzene gives only one mono substitution and three disubstitution
products
v’ Structures Il and 11l would not give only one mono substitution product

v’ Structure | would not give three isomeric disubstitution products

Hence benzene contains three double bonds but these double bonds are

remarkably different from aliphatic double bonds

Various ring structures were proposed for benzene (IV to X)

Para Bond
H Z
Iv) V) (V1) VI (VIIT) (IX) (X)
Kekule Dewar Claus Ladenberg ~ Armstrong &  Thiele's
(1858) (1867) (1867) (1868) Baeyer Formula

(1888) (1899)



THANK YOU



