Chapter 16 - Chem stry of Benzene -
El ectrophilic Aromatic Substitution

El ectrophilic aromatic substitution -> reaction in
whi ch hydrogen atomis replaced by an el ectrophile
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Al kenes undergo el ectrophilic addition reactions...
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Arenes undergo el ectrophilic substitution
reactions...
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Doubl e bonds in aromatic conpounds behave
differently fromisol ated doubl e bonds...
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230 kJ/ nol 206 kJ/ nol <- DHyydrogenat i on

Is ~24 kJ/ nmol |ess stabl e than benzene

Reaction profiles for addition & substitution
reactions...
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Typi cal substitution reaction...
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Resonance stabilized arenium cati on...
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Types of electrophilic aromatic substitution rxns...

1. Hal ogenati on...
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3. Sul fonation...
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4. Friedel-Crafts al kyl ation...

R
RX
Ad,

5. Friedel-Crafts acyl ation...
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Mechani sns...

1. hal ogenation (Cl, and Bry)
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lodination is a bit different...
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2. Nitration...
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Alternative reagent is nitronium
tetrafl uoroborate...
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NG, "BF,, N
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There isn'"t a way to directly substitute —NH, and
produce aniline, but NO, can be reduced to NH...

NC,, INH2

1. snd,, H, 05 2. OH

{
OR H,, Pd/C

3. Sulfonation...

H, SO,/ 303 SCak
1000 benzenesul foni ¢ aci d

fum ng sulfuric acid (ol eum) = H,SO, + SO;
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Mechani sm -> both SO; and SO;H+ are possible
el ectrophiles -> how to they work?...

Jor ‘O O O
IR (N T ¢
c? 0" o o ogie a7 H
The reaction is reversible.
Af-SOgH + H2804, Hzo, D-> Ar-H.
SO;H can be replaced wth OH.
\
SO;H o OH strenuous
1. NaCH, 300 condi ti ons;
2 FbCf » usually only
al kyl groups
survive

Cl_b (:H3 J

Sul fonati on of napht hal ene provi des an exanple of a
ki netic vs thernodynam c control reaction...

SC3H
concd SQ;H
D

T = 0-40° -> 85% 15%

w 160°

160° 15U 85U



4. Friedel-Crafts al kylation...

+ a —— + HJ
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Mechani sm..
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el ectrophile is
a car bocati on

F-Climtations...

1. R-X must be C(sp®-X; C(sp?-X doesn’t work

do not react with
X & /\X Aldg; to give
el ectrophil es



no reaction if the aromatic ring contains
strong electron withdraw ng or am no

substituents
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3. multiple substitution (al kyl groups activate

the ring to EAS)...

R nore reacti ve
% than benzene
t o EAS

t-Bu t-Bu
A d
1 + 1 t-Bud — +
t-Bu
maj or m nor
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4. carbocation rearrangenents...
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al kenes and al cohol s can al so functi on as sources
of carbocations ~ electrophiles
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5. Friedel-Crafts acyl ation...

O
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advant ages over al kylation -> no rearrangenent and
product is |less reactive than benzene.

mechani sm..
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R—C=0 - R—C=0 + Ad,

acyl /acylium cation
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*Reduction of aryl ketones...

@ a Ad,
B Ghne
J reducti on

+
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possi bl e reducti on net hods:

1. H,, Pd/C (does not work for Ar-C(=0) -Ar)
2. denenson -> Zn-Hg/ HC

3. Wl ff-Kishner -> NH,NH,, OH, DMSO, D
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**Substituent effects...

How does an aromatic ring substituent influence EAS

reactivity and regiospecificity for a new

el ectrophil e?

Some exanpl es...

RED = relative position reactivity
BLUE = % s of o, m p-products

CH,

42 HNO;
0] + m
2.5 %50, 57% 3%
CF%
4,510 ° HNO;
? o) + m
.5%10°°

@
0.029 H
0. 0009 4 30% 1%

0.137

39%

3%

69%

A substituent can influence the electron density in
an arene by both inductive and resonance effects.
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1. inductive effects -> essentially caused
pol ari zati on of the Ar-Z bond...

d+ d- d+ g-
d Ar —C=N
e Ar” d+H
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2. resonance effects...

-t} + ol
@1(‘}6 ©=<<—> etc. ..
R R

)D <
@T} - ©=Z<—>etc...

Substituents can have both resonance and i nductive
effects -> generally, resonance nore inportant than
| nductive effects in determ ning regiospecificity
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**Common Substituents

Very strongly activating

R
—_ ! (R, R = H\
NR or al kyl)
2

—R

H

Strongly activating...

—NHC—R —QO:
]| Q
O R

—O0—C-R

!

© J
Activati ng. ..
—R —Ar

all have unshared

> e-pairs on the

atom bonded to
aromatic ring

I N EAS Reacti ons**

0, p-directing

s Standard. ..
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s Standard. ... —H
Deactivati ng. .. + \ \r)me: hgr A
—X —CH,- X o, p-directing I ng
Strongly deactivating...
R R R = H N A
+ - )
—Q = —%  akyl
O 9 -0, X have + or
—_ + -
—C=N: — : — d+ on atom _ _
- —C=N SGH A& bonded to M-directing
Very strongly deactivating... aromatic
N+//O NR CF o
N\ - NRg T3 J
- Y
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Substituents effects -> expl ai ned...

KEY FACTOR -> stabilization of the
I nter nedi ate areni um cati on

case # 1: o, p-directing substituent and
0o- substitution...

LA
+ +
?g@ = (e K&
1y H Xy H "%y H
E E E
CH, CH, CHy CHy

*resonance structures for arenium cati on
arising from o-addn;
*p-addn al so gi ves one 3° & two 2°

case # 2: o0, p-directing substituent and
m substitution...

SH pe SHe f e
\ E+ + - + >
CH, CH, CH, CH,
2° 2° 2°

- J
Y

*resonance structures for areniumcation
arising fromm addn;
*all three structures are 2°
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case # 3. mdirecting substituent and
0o- substitution...

*resonance structures for arenium cation
arising fromo-addn;

*p-addn al so gives one 3° & two 2°;

*3° structure is very high energy (+ charges
on adj acent atons) & makes a very snal |
contribution to resonance hydrid
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case # 4. o, p-directing substituent with
unshared e-pairs on atom bonded to

aromatic ring...

+ r\ +
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@. E+ L@YH "'IIH "|l_£ H
: O\CH3 O\CH3

CH, CHs
U 5 )
v

*resonance structures for arenium cation
arising from o-addn;

*p-addn al so gives one 3° & two 2°;

*these 3 structures (A - O are essentially
| dentical to those witten for toluene

| nportant -> one nore resonance structure (D) can
be witten if the bonded atom has an unshared e-

pair; delocalization of the + charge is now
over 4 atons (3 Cs inring & external hetero atom

4y H
| E
+
-Q\CH3
C
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Substitution of disubstituted benzenes ->
additivity of effects

nost powerful activator controls position of
attack; steric factors of secondary inportance

% * * ©/COZH *
- ¥ Br
NG,
Br CH, OCH;, CCoH
* * OCH;
* * *
% NOZ
r CH,
COZH P'’s no @: no ©/SQ)>H
* a - no
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An exanple of the utility of reversible
sul fonati on...

C(CHs) 3 C(CHz) 5
HNO, NG,
T%Eiif’> + m + P
16Y% 119 73Y

How can the yield of ortho be increased?

C(CHg) 3
H,SO,
SG;
C(CHy) 5 C(CHy) 3 O CHy) 5
N N
O;H O3H
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Side chain oxidation -> despite “unsaturation,”
arenes are resistant to strong oxidizing agents
such as KWMhO, and Na,Cr,0;.

C( CHy) 5 C(ChHy) 3
KMhO,

“NoRmval
CHs HO,
COH

Not e: side chain oxidation requires a-C to be
bonded to at | east one Hor O

Reducti ons -> arenes are resistant to reduction

NC, NH,
s
=
H, Pt, high P R NH,
H,, Rh/C
H H
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Sone synthetic exanples...

5 CC,H
Ok
NG,
Cl
?
——
NG,
Nucl eophilic aromatic substitution...

Cl OH
ON M%L ar ON NG,
ZT» rate = k[ ArX] [ Nuc]
X 0,
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Rel ative reactivities to NaOCH3, CHCH, 50°...

Cl dl Cl
NG, NG,
NG, NO,
115, 000 1.0

3.4
Cl Cl
0 0

Mechani sm.must have o or p-NO, to soak up — charge

CH;O

Mei senheil ner
conpl ex
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Benzyne...

cl H

"nor nmal " \
condi tions /\

~_

1. NaOH, H,0 340°, 2500 psi | chem cal "hamrer”
T OR 77277

Not an exanpl e of aromatic nucl eophilic substn..

hY

KNH2 NHZ NH,” iI's
liq. NH3 str base
50¥

Hy ] than o4
50

Br _ H
©6f~:'|\'|H2 — H—N( ©|
H

benzyne

<)L\/NH3 — (:( + ot her product
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1.421 A 1.385 A

1.410 A . 1.258 A
Br
(0]
1. NaCH, 300» 3 products. ..
2. H what are they?
CH;
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Benzylic brom nation...

C
NBS, . K
ROCR
a4
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