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  (Introduction) :

Ar— ArH RH

Ar – H + E – A  Ar – E + H – A

   +E – A 

E

+H – A 

(E+) 

FeBr3 FeBr3

Br+ 

NO2

SOH3

C—R

X

R

OO

R
Cl

(R can rearrange)

(RCl, AlCl )3

X , FeX2 3

(x=Cl,Br)

HONO2

H SO2 4

, AlCl3

+ HX    

+ HO    2

+HCl      

+HCl     

SO3

H SO2 4

( 1 )

 

 

 6 

 
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E+  

 + E+ (Fast) E

(slow)Step I  

E

H

+ E

H

+

E

H

+

 -    

- 

sp3  p-

sp2 p-

  

 sp2 

 

E

H

+

(Fast)

E

+ H – A

( )

 

Step I   
1

1

K

K

        

E
H +  : A– (Slow step)

Arenium ion

+  

Step II

E
H+

–
  2k   

E

+ E – A (Fast step)

 k1  k–1
 k2 
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E+  (1)G , 

 
(2)G

Reaction coordinate

P
ot

en
tia

l E
ne

rg
y

HE
1

+
+

E–A

HE

+ HE
2

+

+

E–A

E

G
2G

1

 

 (Isotope Effects)  :

 - 

C—H (KH/KD) 6 7 

(2 ) (Nitration)  :

 :

(a) CCl4 P2O5 N2O5 

(b) (C2H5ONO2) 

(c) N2O4 
– –

2 4 2 3NO BF NO SO  , –
2 3NO SO , 

 2NO  

 Mechanism :

(a)

Base


HO–NO +HSO42 2 H–O–NO +HSO42



95H

H– O – NO2



NO +HSO42


H2O + H2SO4 H3O +HSO4


HNO +2HSO3 2 4 NO +HO +  2 3 4HSO 

(b) CCl4   N2O5 

–
2 5 2 3N O NO NO     

c) HNO3 

–
3 2 3 22HNO NO NO H O      

(3) (Sulphonation)  :

SO3

ClSO2OH 

+  S

O

O

O

1

1

K (Slow)

k
          

H

+
SO 3

 –
4 2 4

II,Slow

HSO , H SO
                

SO 3

3 2

III,(fast)

H O , H O 
              

SO3H

Reaction coordinate

P
ot

en
tia

l E
n
er

gy

+

SO3H

+ SO3 +H+

SO3

 -

C—D 

 - 

; 
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RDS

(4) (Halogenation) :

AlCl3, 

FeCl3, 

I2 < Br2 < Cl2

 AlCl3  FeCl3 

Cl2—AlCl3 Cl+

 1 : Cl—Cl +    AlCl3
(anhydrous)

• • 

• 
• AlCl3 Cl—Cl — AlCl3



 2 : + Cl — Cl— AlCl3
 slow

H Cl


+ AlCl4

 3 : + AlCl4
Fast

HCl


+ AlCl + HCl4 

Cl

Cl+ 

Cl2—AlCl3 Cl—Cl 

-

Reaction coordinate

int ermediate

+ Cl —AlCl2 3
Cl

reactants

producuts

+ HCl + AlCl3

SO3H

+

Cl---ClH +

Cl---Cl-AlCl3H

+

+

Cl---ClH

P
ot

en
tia

l E
n
er

gy

Cl (–) AlCl  (---) 2 3

ZnCl2 



97H

, 
–

HO— X
 

–
X— X
 

X– 
–

HO— X
  –

HO— X
 

HO– 

X– HO—X X2
 , :

OCl + Cl  + 2H    Cl2 + H2O

HO—Hal 

 :

HO—X + H


H O— X2



HO + X2


Hal

H2O
 —NO2  F2 C—

C 

5. (Fridel-Crafts Alkylation) :

M. 1877 

:

+R — X
AlCl3

R

+HX

AlCl3  (R—X

) (I ) 

(III ) 

 :

I   CH–Cl
HC3

HC3

•
•

••

••
Al

Cl Cl

Cl

+    CH—Cl—Al—Cl
HC3

HC3

+

Cl

Cl

 CH + AlCl4

HC3

HC3



II + H C
 CH3

CH3

 



H

CH3

CH3

III 



H

CH3

CH3

+      Cl—Al—Cl

Cl

Cl

  

CH3

CH3

+ HCl + AlCl3
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R–X AlCl3 

R—CH 2
+

Cl       AlCl  3
•
•

••

••

–

- AlCl3 

 3 2
propene

CH — CH CH  O C
HF


CH( 3CH)2

Isopropyl benzene

+ HO  3

60 C
BF
  

6. (Friedel-crafts Acylation)  :

+ HC3

O

Cl 3AlCl

O
CH–CH 2 3

+ HCl

(SOCl2) 

(PCl5)

O

H3C OH

  + 80 C
2SOCl   

O

H3C Cl

 + SO2 + HCl

  +   

HC3

HC3

O

O

O

3AlCl

O

CH 3C

+   HC3

O

OH
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 (Mechanism of the Reaction)  :

 I
R—C—Cl

O

•
•

••

••
+ AlCl3

   
O


R—C—Cl – AlCl3

 II

O

HC—C—Cl— AlCl33

   


R—C    O•
•

••
+ AlCl3

R—C    O


 III R—C    O


  +

H

O

R

 IV   +

H

O

R

+ AlCl4   

O

R

+HCl + AlCl3

 V

•
•

••
O

R

+ AlCl3
–Cl–

 

O

R


— AlCl3

, AlCl3 ( ) ( ) 

R

O


 AlCl 2HO3 2+ 

C H6 5

 

R

O  + Al(OH) + 3HCl3 

C H6 5



(a)

1° 2°  
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–AlCl3

H3C

H

+
CH2

–HBr

HC—CH-CH-CH32 2 2

minor

---Br---AlCl3
[–AlCl3 Br] H3C

CH3

HC—CH–CH-CH33 2

major



–H


H3C Br AlCl3


(b)

–NH2, –NHR, –NR2, 

H—N:
H

+ AlCl3

H—N—AlCl3

H
+

Meta directing group 
anddoes not go 

Friedal Craft's reaction

(c) –NH2, –NHR  –NR2 

NO2 N(CH)3 3 C
+ OHO

(d)

AlCl3

Cl

Cl

(e)  - 
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+ 

HC3

HC3

CHOH 3BF
60 C



CH(CH )23

24% Isopropyl benzene

+ 

CH(CH )23

CH(CH )23

14% diisopropylbenzene

(RCO–) 

gh bysDVªkWu vkd"khZ lewg gS rFkk tc ;g vfHkfØ;k ds vafre in esa AlCl3 

( 7 )  :

(1, 2),

(1, 3) (1, 4) 

Y

E 

Y

E

1, 2 ortho

 + 

Y

E
1, 3 meta

 + 

Y

E
1, 4
Para

 (Reactivity) :

S 

S (  S )

S - , 

 S 

S ( ) , 

S 
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+E+

EH

+

S
S

S 

+E+

EH

+

S
S

S 

(S) 

 : —NH2, —NHR, —NR2, —OH, —OR.

 : —NHCR

O

, —OCR

O

,
Ortho/para 
directing

 :—R, —Ar, —CH=CR2

 :—F, —Cl, —Br, —I

 : —CHO, —COR, —COOR,

        —COOH, —COCl
Meta
directing : —CN, —SO3H, — 3NH


, — 2NH R


,

  — 2NHR


, — 3NR


( 8 )  :

:

N- (NBS) 

CH3

      +

O

O

NBr
4

hv
CCl

    

CH2Br

Benzyl bromide
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Br2
(I)

(II)

CH–CH3CHCH32

Heat, light

Br

CH– Br2 2CH

 (I) 

(I) 

(II) 

hv

CHCH32

hv

CH–CH3

CH–CH22

•

•

Br2

Br2

CH–CH3

CH Br2 2CH

Br

19 kcal/mole 

>  > 3° > 2° > 1° >CH3 > ( )

 :

( )

-

(4n +2) -

- (4n +2)-

 :

N: N: N:

N:

N O S: : :
H

: :
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  :

"3"  "4" 

H H H

H

E E E
E

EE

H

H

N:
"3"

E
+

CH
+

CH
+

3
4

5

6
1

2

"4"
E

+

N N

N

N

N

N

N

: :
:

:
:

:
:

3a 3b

4b

3c

4c

3d

4d
N:

4a

HC
+ CH

+

H E

+

HC
+

H E

4b (

4th ) 3rd 

( )

 :

—COOH KMnO4 

R COOH

KMnO4

KMnO4 

R COOH

KMnO4

R COOH

CH3

H —C—CH3  3C

KMnO4 No reaction
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SOLVED OBJECTIVE EXAMPLES

Ex.1  :

(A) – 

(B) –  – – 

(C) (2n + 4)  – 

(D) – 

Sol. (C)  (4n + 2) 

Ex.2  :

(A) (B) (C) (D) 

Sol.(A)

6 6 3
benzene ozone
C H 3O    6 6 9

benzene triozonide
C H O

6 6 9C H O
2H O  

H C O

H C O
3

Ex.3  :

(A) (B) 

(C) 6 (D) 

Sol. (D)

Ex.4 n–  AlCl3  ::

(A) n– (B) (C) 3– –1–     (D) 

Sol. (B) AlCl3 n- CH3CH2 C


H2 

CH3 C


HCH3 

,

CH3 CH CH2

H

+
CH3 CH CH3

+

(1°) (2°)

Ex.5  ‘C = C’ –

[a]  + Br2 3

2 4

FeBr
conc. H SO

   + HBr  [b]  + HNO3   + H2O

[c]  + 3O3       [d]  + 3H2 Ni  

(A) a, c (B) b, d (C) b, c, d (D) a, b
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Sol. (D) a  b  C = C 

Ex.6  :

(A)  + 3AlCl (B)   + (CH3)2C = CH2 3BF .HF

(B)  + 2 4H SO (D) 

Sol. (D)
CH3 C Cl

CH3

CH3

AlCl3+

CH3 C

CH3

+ HCl

CH3

 + C
CH3

CH3

CH2 
3BF .HF

CH3 C

CH3

CH3

 + CH3 C

CH3

OH

CH3

 2 4H SO




CH3 C

CH3

CH3

 + H2O

Ex.7 T–CH3 (I), –CH2–CH3 (II), –CH(CH3)2 (III)       –C(CH3)3 (IV) 

  = C6H5

(A) I > II > III > IV (B) IV > III > II > I (C) II > I > III > IV (D) III > II > I > IV

Sol. (A) –

 CH3 –  –CH2(CH3) – –CH(CH3)2

–  –C(CH3)3 –

Ex.8  + Cl2 Light  ( )  :

(A) o–  p– (B) 1–

(C) 2– (D) m–

Sol. (B)

CH2 5

 + Cl2 Light  

CH

Cl

CH3

1-

Ex.9 –CH3
4KMnO


 A

SodaLime


 B

 B  :

(A) (B) (C) (D) 

Sol. (B)
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Ex.10  :

(A) (B) (C) (D) 

Sol. (D) 1,2  3 

Ex.11  :

(A) (B) 

(C) (D) 

Sol. (D)

Ex. 12  NaOH 

:

(A) o– (B) p– (C) 2,4– (D) 

Sol. (D) C6H5CH3 
2Cl

hv
  CHCHCl6 5 2

NaOH

CHCHOH6 5 2

 2Cl  CHCHCl6 5 2 2

NaOH

CHCHO6 5

 2Cl  CHCCl6 5 3

NaOH

CHCOOH6 5
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1. (I),  (II)  (III)  :-

(A) III > II > I (B) II > III > I (C) I < II > III (D) I > II > III

2.  :-

CH3 COOH NO2

 I   II  III  IV

(A) I > II > III > IV (B) II > III > IV > I (C) I > III > II > IV (D) III > I > II > IV

3.  2NO


  :

(A) 
CCl3

(II) 
NO2

(III) 
CHO

(IV) 
O

2NO


 

(A) II  IV (B) I, II  III (C) II  IV (D) I

4.

(A) –CH2Cl (B) –OCH3 (C) –CH3 (D) –CCl3

5. :

(A) (B) (C) (D) 

6. :

(a) (b) (c) (d) 

(A) b > d > a > c (B) d > c > b > a (C) d > b > a > c (D) a > b > c > d

7. –

–CH3               –COOH

( I ) ( I I ) ( I II )

(A) I < II < III (B) III < II < I (C) II < III < I (D) I < III < II

8. :

CH3 OCH3 CF3

(I) (III) (IV)(II)

 :

(A) II > I > III > IV (B) III > I > II > IV (C) IV > I > II > III (D) I > II > III > IV

9.  :

(A) (B) (C) (D) 

EXERCISE-01 CHECK YOUR GRASP


