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By the end of this chapter, you should
understand;

1. The definition and nomenclature of aryl halides.
2. Synthesis of aryl halides.

3. Reactions of aryl halides



Aromatic halogeno-compounds

Aryl halides Aralkyl halides

In these compounds, the halogen atom is In these compounds, the halogen atom is active
firmly linked to the ring. It is inert, it can not (similar to alkyl halides). It can be replaced by -OH,
be replaced by -OH, -NH,, or -CN groups when -NH,, or -CN groups when treated with aqueous
treated with agueous NaOH, NH3 or KCN, NaOH, NH; or KCN, respectively
respectively
Example:
Example:
Cl CH,CI
Chlorobenzene Benzyl chloride
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Aromatic Halogen Compounds

1- Aryl Halides: in which the halogen atom is directly attached to benzene
ring. The substitution of halogen by nucleophiles is difficult due to strong

bond between the halogen atom and benzene ring o
Cl 3

Br
\©\ C|
CH,CHj,

Chlorobenzene 1-Bromo-4-ethylbenzene 2-Chlorotoluene

2- Aralkyl Halides: in which the halogen atom is separated from benzene
ring by one or more carbon atoms. The substitution of halogen by

nucleophiles is easy as aliphatic halides.
CH,CI

© ' CH2CH2Br

Benzyl chloride  1-Bromo-2-phenylethane




Methods of preparation of Aryl halides
1) From benzene Cl

cl,
® -
F8C|3

Chlorobenzene

2) From aniline

NH, N,ClI Cl
HCI/ NaN02 CUZClz
: '
0-5°C
Aniline Benzene diazonium Chlorobenzene
chloride
3) From Phenol OH Cl
PClg
Phenol

Chlorobenzene
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1) Nucleophilic substitution reactions of aryl halides

Chlorobenzene is less reactive towards nucleophilic substitution
reactions. The reactions proceed under drastic condition or
presence of Electron-Withdrawing groups

Cl OH
Cu,CN, OH™/ H,0O
No Reaction —= >
200 °C 300 °C / Pressure
. NH,>NH,
No Reaction e
Cl NHNH,
NO, NO,
NH,NH,
o

NO, NO,



The low reactivity of chlorobenzene is due to resonance effect which
Increase the strength C-CI bond (double bond character) as shown

. + *
Cl) o Cl Cl
OO0 0
- - B
1) Wurtz-Fittig reaction

Cl CH,CH;
CH3CH2C| /| 2Na

-



[11) Reaction with magnesium metal (Grignard reagent)

Br MgBr
Mg
s
ether

Phenylmagnesium bromide
(Grignard reagent)

(]
|| cooH

5 1:|: — OMgX

| H,O

c—0 + -MgBr ——» S
H'I'

Carbon dioxide

(Grignard reagent) Benzoic acid



OMgX

QO H—C—H
H—C—H + MgBr ———»= — =
HII

Formaldehyde

(Grignard reagent) Benzyl alcohol

(1° alcohel)

OMgX
¢ H;t:—t:HcH

:l:ll H;l:—!l:—H
H,C—C—H + f \“ ~MgBr ——= | —"' @
Acetaldehyde -

(Grignard reagent) 1-Phenylethanol

(2° alcohol)
OMgXx OH
|
H,C—C—CH, H;C—C—CH;

I
Acetone H’
(Grignard reagent)

2-Phenyl-2-propanol
(3% alcohol)



I\VV) D.D.T. formation

CCI3;CHO Chloral / \ —
2 QCI > ] CH \ / Cl
H,SO, — |

CCl,

p,p -Dichlorodiphenyl
trichloroethane (D.D.T)




V) The Addition-Elimination Mechanism

In this case, the benzene ring which has halogen atom must contain strong electron-
withdrawing group(s) in ortho- and para- position with respect to the halogen atom.
This group(s) will stabilize the anion formed after addition of nucleophile as shown in

the given mechanism

cl B ]
[ cl, Nu ci,_ MNu cl, MNu
ﬁ &  Addition = & Elimination
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I,.-""
c ® :
N : T
o 0 "o 3 uﬂfI =g € ¢
Y



As the number of electron-withdrawing groups on benzene ring increase (especially in
ortho- and para- position with respect to the halogen atom), the reactivity towards
nucleophilic substitution reaction will also increase and the vice-versa.

Cl ?I

cl
O.N = NO, | N NO, ﬁ
| >
I - > e H/
NO

\ NO. NO,

Increase the reactivity towards nucleophilic substitution reactions

¢ |
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V1) The Elimination-Addition Mechanism

Reaction of halobenzene with strong base such as, sodium amide in liquid ammonia,
(NaNH2 / lig. NH;) will give aniline derivative. The reaction is proceeded by benzyne
Intermediate as shown.

|

Chlorobenzene

2

13

NaNH, / lig. NH;

- HCI
Elimination

-

(]

Benzyne

NH,

NH;

Addition

Aniline



Q. What are the products of the following compounds when reacted with
NaNH./lig.NH; ?

Cl Cl Cl
CH,

CH;
CH;
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V11) Electrophilic substitution reactions

1) Halogenation

Su & &

1-Bromo-2-chlorobenzene

(0-Bromochlorobenzene) 1 gromo-4-chlorobenzene

(p-Bromochlorobenzene)

2) Nitration

Br
HNO;
HZSO4

1-Bromo-2-nitrobenzene
(o-Bromonitrobenzene)

1-Bromo-4-nitrobenzene

15 (p-Bromonitrobenzene)



3) Sulphonation

Cl Cl .
H250, SO3H

SO,

SO3zH o-Chlorobenzenesulphonic

p-Chlorobenzenesulphonic acid

acid



Br

Br
. CH3C| CH3
3- Fridel Crafts o .
Alkylation |*'“"
(o-Bromotoluene) CH,
(p-Bromotoluene)
Br Br
Br
COCH _
CH,COCI R 4- Eridel Crafts
> Acylation
AICI,
(o-Bromoacetophenone) COCH,
(p-Bromoacetophenone)
Br Br
H.SO SOzH
5- Sulphonation [ 277 +
(o-Bromobenzene SO4H

sulfonic acid)
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(p-Bromobenzene
sulfonic acid)



CHO

- H,0
e ——

Benzaldehyde

COOH

- H,0
D A

Benzoic acid

Aralkyl halides

* Reactions of benzyl chloride

CH,OH

CH(OH),

C(OH)4

Benzylalchol

NaOH
CHCI, CH,CI CH,CN
NaOH Cly/light KCN
_ Benzylchloride Benzylcyanide
Benzal chloride
NH;
Cl,/light
CH,NH
CCls 272
NaOH
D —

Benzylamine

Phenyltrichloromethane
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