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Divective Bffect of Subatituenta

Ortho-Para Directors

s i

Question 10. Explain why the methyl grou i-—-mla) acts as
an ortho-para director but activating when it # presient on a
benzene ring undergoing electrophilic substitution.

g!mmmalai BSo, 1980 ; Kerala BSe, 1980 ; Bangalore Bfo, 1081 ;
daipur BSc, 1082)

ANSWER. Toluene can bo-represonted a8 a hybrid of the following
resonance structures :

Why —CH, Group is Ortho-Para Director ! In toluene the
?—I effect of the methyl group initiates the mesomeric ‘“ffeot.  Notice
hat*the-ortho aid para positions in the above TéHONAtiGe structures
carry a mnegative charge. An clectrophile (E+) will attack these
positions  (Opposite charges attract). Thus, the methyl group
directs all electrophiles to the ortho and para positions.

{ o.p-DiRECTOR |

CHy H,

‘ E
B +

" Why —CH; Group is Activating ? (Reminder :

8 activating. This means that toluene undergoes electrophilic substi.
" tution faster than benzenc). The_methyl group donates electrons to
&+ to the ring by inductive effect. 2 v of the

1t increases electron donsity of {h
oo Fing and-makes it more attract y 2
i Thus, the electrophilic substituti

ive to an incoming electrophile.
on 18 fast as compared 1o benzene,

| Question 11. Explain why toluens wedee_. . ..
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&l;?ﬁoﬁ"iﬁ. Explain why the chlorine (or bromine) atom
as an ortho-para director but deactivating when it is
pr::nt on a benzene ring undergoing electrophilic subst. .
tution,

(Annamalas BSe, 1980 ; Baroda BSec, 1980 ; Delhi BSc, 1980 ;
Himachal BSc, 1980 ; Kurukshetra BSc, 1980 ; Nagpur BSo, 1980 ; ’
Punjabi BSc, 1980 ; Udaipur BSc, 1980 ; Guru Nanak Dev BSc,
1981 ; Punjabi BSc, 1981 ; Udaipur BSc, 1981 ; Calcutta BSc, 1982 ;
Jammu BSe, 1982 ; Nagpur BSc, 1982 ; Panjab BSc, 1982) .

ANSWER. Chlorobenzene can be represented as a hybrid of the

following resonance structures :

+E':'l: - +"|:

+Cl:
=) o (P
Why Cl Atom is Ortho-Para Director ? Notice that the ortho B
and para positions in the above structures carry a negative charge. 1
An electrophile (E+) will attack these positions {Opposite charges

attract). Thus, the chlorine atom direots all eleotrophiles to the
ortho and para positions. | |
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ol fp FULONANLL o7 yRLIOIATNC L d{.f et '

. . td : : The —Cl at :
_Why —Cl Atom is Deactivating ? (Reminder Om ig
" deactivating. This means that chlorobenzene undergoest elec‘m?hfhc
{ substitution more slowly than benzene). 'This1s because two Opposing
effects operate simultaneously.

(S
\5"

g ;4‘"-.')&'% (a) Mesomeric Effect. The interaction between the lone pair
’;’\ < of electrons on chlorine and the = electrons of the ring places negative
»” charge at the ortho and para positions. See the resonance rstructureg_
This effect makes —Cl atom o,p-director.

(b)) Inductive Effect. Opposing the mesomeric eﬁ'gct is an
inductive effect. Recall, chlorine is more electrone_:gatlve than
carbon, Therefore, the C—Cl bond is polar. The chlorine atom has
a small negative charge (3.) and the carbon has a small positive

charge (3,). L\ —3 ent clzachva Hné el 4y

I}vc{frc}?'o{
5+ A Q*fj,d |
— ‘s of

| -
S+ & = §-
< @

POLAR CARBON - POLAR BENZENE-
CHLORINE EOND CHLORINE BOND

¥

Because carbon is slightly positive, it will pull electrons away
from the ring. The lowering of the electron density in the ring
i caused by this inductive effect makes chlorobenzene less reactive
i toward electrophilic substitution than benzene.

Combination of these two effects makes chlorobenzene desacti.
vated overall but with o,p-directing effect: — — 20 coand

T e et e e B = s et B
—

MEMORISE. Other halogens (—Br, —I, —F) behave in th
That 1is, they are ala;_)rol’p.dh.a‘qﬁng but deactive t?m . In the same way.
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