Methods of preparation of Haloarenes (Aryl Halides)

1. By direct halogenation (Nuclear halogenation)- Benzene and other aromatic hydrocarbons
react directly with chlorine and bromine in dark at ordinary temperature (310-320 K) in the
presence of Lewis acids (FeCl,, FeBr,, AlCl;) as catalyst to form Chloroarenes abd

Bromoarenes.
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Mechanism
Generation of halonium ion

FeCl; + Cl,

> Fecl,” + CI°
Chloronium ion (Electrophile)

Step 1- The electrophile attacks benzene ring which is stabilized by resonance. This is the
slow/rate determining step.
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Step 2- The resonance stabilized carbocation loses a proton to FeCl, and chlorobenzene is

formed. '
i Cl

CHLOROBENZENE

Note- Above reaction is an example of electrophilic aromatic substitution



¢ If Cl, and Br, are used in excess, ortho and para dichlorobenzene and dibromobenzene are
formed. Because Cl and Br are o/p directing groups.

cl Cl Cl

Cl
FeCl3

Excess

o-Dichlorobenzene cl

p-Dichlorobenzene

Why Cl and Br are o/p directing?

Due to resonance, Cl and Br tends to increases electron density more at ortho- and para-
position. Thus electrophilic substitution takes place at ortho- and para- position.
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“* When toluene is treated with chlorine and bromine in presence of FeCl, and FeBr,, we get
ortho- and para- chloro toluene. Because -CH, is o/p directing.
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Toluene Cl
o-Chlorotoluene

p-Chlorotoluene

Why methyl is a o/p directing group?

The hyperconjugative effect of the methyl group increases the electron density on the o/p
positions, therefore methyl group is an o/p- directing group.
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¢ Aryl fluroides can not be prepare by direct fluorination because F, is very strong oxidant
and makes the reaction violent and uncontrollable.

*»* lodoarenes cannot be prepared by direct iodination of hydrocarbons because the reaction
is reversible and HI formed reduces iodoarenes to arene.

- + HI

lodobenzene

In order to avoid backward reaction. The above reaction is done in presence od oxidants like,
HNO;, HIO; or HgO which oxidise HI to |, and the equilibrium shifts in the forward direction.

2HI + 2HN03 ——— ZNOZ + ZHQO + 12 i S5HI + HIO:; el 3[: + EH:O
HgO + 2HI — Hglz + HEO



Reaction of toluene with halogen in presence of sunlight however gives benzyl
halides

Example Cl,

e

Sunlight Cl
CH, o

Hy
toluene
benzyl chloride

If the above reaction takes place in excess of Cl2, all the hydrogen atom of alkyl group of side
chain are replaced by Cl-atoms.

CH,Cl coL; o
Cly/hv . |!| Cl,/hv oo |
-HCl -HC >




CH,

FeC lay @’ Q (Through EAS reaction)

CH.CI CHCJ, CCl,
Cl, Cl, Cl,
L= —> —
hv hv hv
~HCI -HCl -HCI

(Throuah free readical substitution reaction)



The class of organic compounds with general formula R-N,*X~ where X is an organic
or inorganic anion (for example, CI-, Br-, BF,~, etc.) and R is an alkyl or aryl group.

e
N=N CI

Benzenediazonium Chloride — A Diazonium Salt

Preparation of Diazonium Salt

NH: -
NCl
O +NaNO; + 2101 225
| + NaCl + 2H:O
Aniline

Diazonmum salt

The reaction of preparation of diazonium salt is called Diazotization.



NH- o BF,
Ener
HBF‘ ool O + N, + BF;
HNDz

Balz Schiemann reaction

NaCl |

+ Kl —— + KCl + N,

Benrene lodobenzene
diazomium chlonde



3. Sandmayer’s Reaction. Chloroarenes and bromoarenes can be ﬂbtﬂmad by ity M
prepared diazontum salt solution with cuprous chloride or cuprous bromide dissolved in o

in HCl
respectively. The reaction called Sandmeyer’s reaction can be depicted as
o of NoCI™ Br
@ CuCl, HCL.. @ #Np - @ CuBr, HBr +No
Chlorobenzene Bromobenzene

It may be noted that in Sandmeyer's reaction, it is the halogen attached to copper which g
bonded to the benzene ring,

In a modified procedure.

known as Gattermann reaction, chloro and bromoareries can be prepus
by treating diazonium

compounds with a freshly prepared mixture of copper powder and H@Wm
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Chiorobenzens Bromobenzene



