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X3 | ORIENTATION AND REACTIVITY IN MONOSUBSTITUTED BENZENES

- When a monosubstituted benzene undergoes an electrophilic substitution, the position taken up
by the incoming group (the orientation) and the rate of the reaction (the reactivity) are determined by
the substituent already present on the benzene ring. On this basis various substituents can be divided
into three categories: e ' B Sl

1. Ortho, para-directing and activating groups : If a group of this category is already present
on the benzene ring then the incoming group is attached to the ortho and para p'ositions.'Furthefﬁibfé;t
the benzene ring containing a group of this category is more reactive towards electrophilic substitution
than benzene itself. This is called activation of the benzene ring. . , i ol

p [2) S1.5.36 i 4 By ; % : e LI AE
Examples : O, NR,, NHR, NH,, OH, OR, NHCOR, OCQR, SR alkyl and aryl.

2. Meta-directing 'ar!‘d deactivating groups : If a group of this category is already present on
the benzene ring then the Incoming group is attached to the mera position. Furthermore, the benzent

.ring cont?iqing a group of this category is less reactive towards electrophilic substitution than benzen¢
itself. This is called deactivation of benzene ring.
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Examples : NR3;, NO,, CF;
3. Orfho, para-directing an
para directing but they deactivate

CN, SO;H '

d deactisataiI(':HO, COR, COOH, COOR, CONHZ, CCI3 and §IH3
the benzene ﬁngr‘;:l)sf : Halogens (E, Cl, Br and I) are ortho and
Explanation for Orientation and Reactivity g for further electrophilc substitutions.

1. Explanation based on
v charge distribution :
Ortho, para-directing and activvgczﬁ:;sgl;zl:;: n .

(a) When in a mono i g
som) has 8 ]ones“l:tr‘tl:fed ]benzene ring the atom directly attached to the ring (the key
increased through an_ € eCETOHS, the electron density on ortho -and para position is
jugation (i.e., through + R or + M effect) as shown’in structures III-V.

oe @ @

2 | NI‘IZ NHz NH2 1(?IH2

— Q=0 - QU
awv \%)

@ an (1
Thus, the incoming electrophile is attached to these positions, i.e., ortho and para positions.
The electron density on ortho and para positions is increased, hence, the overall electron
density on the benzene ring is also increased resulting in the activation of the ring, i.e.,
further electrophilic substitution is facilitated by the presence of an ortho and para directing

group (except halogens).
(b) In the case of alkyl groups the electron density on orth
+ ] and/or hyperconjugative effect. Thus, they are ortho an

groups.

NH

o and para positions is increased by
d para directing and activating

H

H | }l{
H® C—H H® C—H

| .
H—C—H H® C—H
©
-0 -0
< _

ortho and para directing and activating groups because they increase

Aryl groups are also ¢ :
th::yclirctron density on o- and p-positions as follows:
® ®

Ay 5D — O = OO

p—

e ivati ups : . .
Meta-direcang and deac s"::::cghfﬁopa more electronegative atom by double or triple bond, it

i ve S8 s —Ro
(a) When the key atot tions through conjugation (i.e thfough :
attracts electrons from"C- an;is p{,‘fﬁﬁ thus, m-positions have 2 relatively high clectron

i tur - -ions. Since the lectron

effect) as shown In structure: hile is attached to m-positions. Si r

: incoming electropn! : benzene fing
e ’I‘heref(:irc, tl:;;itions is decreased, the overall electron de1351ty ;)nngz e rophili
density on © 2. dp I:esulting in the deactivation of the Eng,t.z.e., roltlj X
i ease -directin -
is baiisg] tiiiczs  ade more difficult by the presence of a m-directing &
subs
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(b) The m-orienting and deactivating groups having a positively charged key atom (e g

@ @
NR;, NHj, etc.) also attract electrons from the o- and p-positions through strong inductjve
effect (—I effect), for example :

B ®
NR; NR; NR; NR;

O~ -0-0

The m-directing and deactivafing nature of CCls group is due to electron attraction from the ¢
and p-positions through —I as well as hyperconjugative effect.

cl cl Cl (Izl
Ccl—C—Cl cl® c— ci® c—cal ci® c—cl

| |
, c—cl
> <> <>

®
Ortho, para directing and deactivating groups : Halogens (F, Cl, Br and I) are o-p-directing
but they deactivate the benzene ring for further electrophilic substitutions. This is because there ar¢
two opposing effects, i.e., + R (or + M) and - effects. They are deactivators because they inductively
withdraw electrons from the ring more strongly than they donate electrons by resonance. All the ring
positions are deactivated by inductive electron withdrawal, but this deactivation is partially made up
for at the ortho and para positions by electron donation by resonance. Because the mefa position
cannot benefit from resonance electron donation, it is the most deactivated position. Thus, the halogens

are ortho/para directors and deactivators.

. ® ®
Cl‘-) Cl Cl a
S

The order of reactivity of various halobenzenes is:
' PhF > PhCl = PhBr > Phl

On the basis of —I effect (F>CI>Br>1) and +R effect (F < Cl <Br <I) one mi¢ o
expected the reverse of the above order of reactivity. It is clear that here the resonance effect d0°°
follow the expected order based on relative electronegativity. This is due to a size mismatch © is
overlapping 2p-oibital of the ring carbon and the p-orbital of the halogen because the over?P
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maximum when the overlappi -

’ . ) re of comparaple s : , Br has 4p and I has §
orbital, all of which have larger size than the 2P‘0TbilF:ll of carst;f:l S:ugﬁgrz i]s3:300r o\f)erlap TCSUlti“Z
in a very weak * R effect. On the other hand, F and carbon have :’)_p-orbitals which are of comparable
size, thus there ls.better overlap resulting in greater + R effect than that of CJ, Br, or L.

2. Explanation baseq on i termediate) stabitity : The effect of substituents on
ined by writing all the possible resonating structures of the
h of the three possible reaction courses, i.e., for the

405

attack at o, p and m-positions, and comparing theijr stability.
Ortho, para-dlrecting and activating groups ;
(@) The groups containing a Jope pair of electrons on the key atom stabilise the carbocation
to a greater extent when the attack takes Place at the o and p-positions as compared to the
attack at the m-position. This j iti

a complete octet of electrons, Thus, the incoming
electrophile is attached to the o and p-positions, i.e., these groups are o-p-directing.
Electron donation by such groups (2) increases the rate of substitution compared to that in
benzene itself, thus, these are activating groups,

Attack at ortho position

Y
H
(A)
Attack at p-postion
7 7 L £
® >
Y > @ —>r @
Z®
H; ;Y
. (A)
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Attack at m-position

z: Ze Z: 0
‘ @
® ®
O — T — Ok
. H b
® H )

z="0:, NR, NHR, NR,, OH, OR, NHCOR, OCOR and SR)
(b) In the case of alkyl groups the following resonating structures can be written:

Attack at ortho position

R R R R
@ Y Y Y
L—;HQ——» H «—— H
@ ®

(A)

Attack at para position

R R R R
_ . 1
® @
H Y H Y H Y
(A) :

Attack at meta position

R R R R
®
Y ® ’
©_’©<YH©<Y*—’<)3Y
s H H H

. In the case of ortho and para attacks there is one resonating structure (marked A) in each e
whlcl} is particularly stable because it contains the electron-releasing alkyl group attached to the ¢af
carrying the positive charge. No such resonating structure can be written in the case of meta 3%
Furthermore, the resonatingstructures marked A are tertiary carbocations, and are more stable tha
rest of the struc_:tures which are all secondary carbocations. Thus, in the c;se of alkylbenzencs ort /
and para substitution is preferred to meta. Electron donation by alkyl groups increases the rate 0
substitution ct.)mpa.red to that in benzene itself, thus, these are activating groups.

Meta directing and deactivating groups : The substituents like NH3, IGEIR:;, NOz CFIS’
CN, SO;H, CHO, COR, COOH, COOR, etc. belong to this category. Such substituents ar¢ stroné?”
electrpn ?vnthdrawmg and deactivate all the ring positions compared t.o that of benzene, but ar®
dcac""“""gt::; g‘: © and p-positions than for m-position. Therefore, the substitution takes P
chmr mmzene: nzene and occurs preferably at m-position. Let us explain it by taking the ¢*
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Attack at ortho position

e ®
O0—N= b
0 0—N=o0 6—N=0 8—N=0
®
Y 4 Y Y
- H «— H <«— H
® ®
(A) .
Attack at para position
e ® o @
—_— N — ©
O—N=0 O—N=0 _1(?1=o 8—1(3=O
v A ®
@ ®
H Y H Y H Y
(A)
Attack at meta position
e @ e @
O—N=0 O—N=0 (@)—gl=0

o @
O—N=0
Mg ¢ @
, ® H H : H
In the case of ortho and para attacks the resonating structures marked A are particularly unstable
because the charge intensification in these is' maximum due to the presence of the electron-withdrawing
group on the carbon carrying the positive charge. No such unstable structure is possible in the case
of m-attack. In other words, the carbocation intermdiate formed in ortho and para attack are
destabilised to a greater extent than that in meta attack. Thus, meta.substitution is preferred to ortho

and para substitution in nitrobenzene.
Similarly, the meta directing and dea

deactivating groups : Halogens (F, Cl, Br and I) belong to this
zene ring toward electrophilic substitution. ‘This
f inductive and resonance effects of halogens.’

ctivating nature of the other groups of this category can'be

explained.
Ortho, para-directing and 1
category. These are o-p-directing but deactivate the ben

exceptional behaviour can be explained on the basis 0

Attack at ortho position
:X: . X 5%
g Y Y

A)
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Attack at para position

1X:

X :Xe s
®
Y C e— -«
® ' ®
H™ Y H™ 7Y
1 H Y L]
' (A) :
Attack at meta position
:X: :X: X X:
¢ ° ° ‘
H H H

. (X=ECLBrorl)

In the case of ortho and para attacks there is one resonating structure (marked A) in each case
which is comparatively more stable because in this structure all the atoms (except hydrogen) have a
complete octet of electrons. No such structure of comparable stability is possible in the case of
meta attack. Thus, halobenzenes undergo electrophilic substitution at ortho and para positions in
preference to meta position.

. Although ortho and para positions are activated as shown above, the strong electron-withdrawing

-inductive (- I) effect of halogens intensifies the positive charge on carbocation and destabilises it. The
strong — I effect (-~ I>+ R) causes net electron withdrawal and hence, deactivation of the ring for
electrophilic substitution. Thus, reactivity is controlled by the stronger inductive effect, while the
weaker resonance effect controls the orientation. ;
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