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* Happens as 2 steps :

1. HNO3 is turned into NO2+H20 using H2504
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Note : H2S04 is used as H+ source
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Nitration NO2 cont’d

2. Nitronium ion substitution :
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Sulfonation SO3H

 Generates benzenesulfonic acid
* The E used is sulfer trioxide => strong E
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Sulfonation cont’d

benzenesulfonic
acid
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Sulfonation can be used to produce

phenol
SO;H OH
SO, N NaOH X
H,SO, 200°C
benzenesulfonic phenol
acid
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Alkylation

* |t's the addition of an alkyl in substitution of H
in a benzene ring

o
3;\ We need to produce a carbocation to be the E
cson Which is a strong E N
| : Q@C- — bvlzap, &dlwe
e 2 ways : [ generalion] s R

1. Friedel-Crafts alkylation
2. Using alkene + acid
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Friedel-Crafts alkylation

* Using alkyl halide (Cl or Br) + lewis catalyst =>
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* Note : the Carbocation prodgced here is either
secondary or tertiary and it cant be primary
whatsoever



Friedel-Crafts Alkylation

The product is an alkxlbenzene, i.e.

P, ( "H,CH, 5 ( HG II e CH,CH;,
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Note: there are limitations to Friedel-Crafts
reactions, they can not be done on a nitrobenzene
or benzenesulfonic acid as these group complex
with the aluminum chloride catalyst deactivation it.



Alkylation from Alkenes

Alkylation can also be achieved by using an
alkene and an acid (sulfuric as the conjugate
base is a poor nucleophile), i.e.
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Note: this will generate the Markovnikov A:r\ivg:ﬁr:
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Friedel-Crafts acylation -9 ;!
C-R
* |dentical to alkylation except using o
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Friedel-Crafts Acylation

_ w1 )
The product is a phenyl ketone, i.e.
() seniva
LLH

Note: the same limitations for nitro and sulfonic
acid groups apply.
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Experimentally you can observe the follgwing
relative rates of reaction:

OH CH, H Cl NO,
B D

= ==
phenol toluene benzene chlorobenzene nitrobenzene
1000 24.5 1 0.033 0.0000001
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Reaction rates

Reaction rates depend on the E attack on the
b e n Ze n e rl n g ) [Electron density is a representation of the probability of finding)

an electron in a specific location around an atom or molecule.

* Groups that increase the electron density will
speed up the reaction and vice versa.
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Notice the electron density

Benzene Toluene Nitrobenzene

Reaction rate =1 Reaction rate = 25 Reaction rate=
More electron 0.0000001

density Less electron

density



Halogens are ortho,

Di re Cti n g effe Ct para directir‘mg d-espite

being deactivating
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Directing effect

* 2 directions :
@ Ortho, Para direction

@ Meta Direction

* The groups which follow each direction are
listed in the table above. oy
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Ortho, Para direction

Ortho,para attack
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#1 Ortho, Para direction
= = - 50 2t

. ® @ O
Happens in all EDG + halogens

When producing a benzene with a group that
directs O,P the amount of meta is very small- y»u

This happens so we can have a more stable
carbocation ( tertiary carbocation ) that we
obtain from O,P direction

In M direction we obtain secondary
carbocation which is less stable



Ortho, Para direction

* Sometimes it can cause a 4" resonance
structure as in OH
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Meta direction
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* Happens in all EWG except I?lalo

* When producing a benzene with a group that
directs M the amount of O,P produced is very

smal
* This happens so we don’t have an electrical
sierepulsion between the substituent group (+)>&

and the carbocation(+) ; by producing M there
wont be any repulsion since it wont reach the

substituent group




Directing effects

 Note that steric effects can affect the direction

* The more the size the more production of P
and M and less production of O

per cent yield % ortho % meta %para
for -R
-CH, 58 - 37
-CH,CH;, 49 6 49
-CH(CH,), 30 8 62

11
'C(CH3)3 16 73



Synthesis of aromatic componds

* |t’s also called Retrosynthesis.

* Focuses on the reactions and their directing
effects.

* We only focus on the direct synthesis




An example on direct synthesis
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