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Chapter 15 FE X FHFE

. _ NTU & _ hemisTry
Reactions of aromatic Compounds

% Electrophilic aromatic substitution (L7 12> % =2 X F &)
Ar-H + E* > Ar-E + H*

% A general mechanism

o = (s -

lost aromaticity
H . .
A~L-Earenium ion
. .J adelocalized

H .
| E et E carbocation
+ H+
X+

recover aromaticity




v Energy profile

A
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NTU & hemistry 4
< Halogenation o

Y

+ HBr

Yy

FeC|3 Cl
+ Cl + HCI
25 °C

FeBrs Br
SRt

A

Mechanism:

Br—Br + FeBrg — Br "FeBr,

Br
O — O

Br

O —
< + B — + HBr



Fluorination: too reactive
lodination: too unreactive

HNO; |
SR




% Nitration

50-55 °C
+ HN03 + H2804 >

Mechanism:
0 o)
\ H,S0, =—— + N
N___ o+ B
HO + 0 em {7 a s
H
O o)
£ N N
H\C):)-I-\O_ —_— HZO + I|\|I
5 O
0 O\\ﬁ/O_
S
o
O\_|_ —
\N/O

NO,
@ + H30" + HSO4

NTU & hemistry

— M
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NTU & hemistry

¢ Sulfonation

fuming H,SO, SO3H
or

conc. HySOy, A



Mechanism:

®) @)
I / _
HO-$-OH + H;S0, === HO-S-G+ + HSO,
e @)
N O H Q
HSO, + HIO“SCO+ === HSO, + s+ HO
H
O\ D"
o)) >s)
@/\é —= = Ne)
O// 20 \ H
ON o
S SOH
H + HZSO4 _ H + HSO4_
+ +
SO5H

SO;H
@H + HSO, =— @ + H3SO,
" \/



v Fuming sulfuric acid (% "L aifk)
conc. H,SO, saturated with SO,

v" Sulfonation is reversible

SOsH - 0, 1 ©
> + H»SO
A 2 4

T

lower bp
can be removed In situ
by distillation
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' : NTU & hemistry
< Friedel-Crafts alkylation B/HEMISTR)

AICl; R
tRX - + HX

Mechanism:

A + AlCl 1 )+ “AICl,
Cl

Tl = @
_I_
i HCI AICI
©+Zf AlCl4 ©)\ * * T3

catalytic

=



Other examples:

630 °C
HCI catalyst N
+ CH2=CH2 - ©/\ y .
A|C|3 _H2
styrene
HF
+ SR
02

() &%
+ —_
0°C
HO BF,
+ EEE——
60 °C



v For primary halides:
carbocation may not be involved

5" 5
RCH,---Cl---AlCls

v Problems:

AICl
+ CH3CH2CH2CH28I’ +

32-36% 64-68%

reason: due to carbocation rearrangement

-4
-4




3 1% FOHLTF &

I - NTU & _hemisTry
< Friedel-Crafts acylation ,HEMISTR]

0
R—(g‘g‘ ch—(gé— Qcé

an acyl group acetyl (Ac) benzoyl (Bz)
IUPAC: ethanoyl

O

@ O AICI3 (more than 1 equiv.)
+ !
)J\CI 80 °C d

acetyl chloride

Preparation of acid chloride:

O SOCl, 0

)J\OH 80 °C ] Au " S0 He

O PClg O
Q_{ e, ©_{ + POCl; + HCI
OH cl




From anhydride

Mechanism:
O +
P'S + AlCl; =—— R-C=0: + AICl
R™ ~Cl 1
RACS o An acylium ion
very stable — does not rearrange
N e
O) R
Of —
R +

o)
R
Y _ R
+ ACl — + ACl; + HCI
_I_



v" The product will complex with AICI,

+ —

@_{O_A'C'B ___more than one equiv. of AICI,
R should be used

J H,O (work-up)

0
Q_( + AI(OH); + HCI
R

v' Compare with Friedel-Crafts alkylation
O

@ " Ajiu s w

l Zn(Hg),
HCI “

Solves the rearrangement Clgmrpensen
Feauction
problem Q/V\




Mechanism of Clemmensen reduction:

0 H* o e OH H* OH
M . — L
RR R)\R' R)_\R' RTIR

b

*The reason of using zinc amalgam:
to decrease the oxidative potential of zinc
so that it does not react with H*



© Limitations of Friedel-Crafts reaction

v With strong EWG on benzene ring
-> No reaction

[ I
_N02 _N(CH3)3 —C—-OH ’ —C—R ’ _CF3 ’

Reason:

_|_

O

O

_803H ’

(EWG: electron withdrawing group)

decreases = electron density of benzene ring

—> decreases reactivity

v Aryl or vinyl halides do not react

9

AICl,

{ H-cl

\

N/
N\

Cl

Y

7 S

—NH,
¢A|C|3

+
_NH2

|
AICl,



v Polyalkylation possible

OH BF3 . > < > i
+ —_—
)\ 60 °C
14%
24%
Reason:
alkyl group is electron donating

-> Increases r electron density of benzene ring
-> Increases reactivity

Solution: acylation has no problem o
R

\

EWG
reactivity
decreases



More examples

0
AICI3 OH Zn(Hg), HCI
+ iéo w i
AlCI _soch, OH
o

O 83-90%
74-91%

Synthesize O‘O ai O O
|

o
O C

|

O

O
Ras



¢ Effect of substituents

3 1% FOHLTF &

NTU & hemistry o _jﬂ

X

Reactivity:
more reactive or less reactive than benzene?

Orientation? X X X
ROl
E
E

ortho meta para
P By ¥



© Electron withdrawing groups — deactivating groups

WG

«—— electron poor
less reactive

Strongly deactivating:
_|_

_NOZ _NR3 , _CF3 ’ _CC|3’

Moderately deactivating:

—C=N, —SOgH
0 T P T
—C-H —CR —C-OH —C-OR

They are meta directors



Reason of meta orientation:

NO NO 3 1

. OO - 0 o
— <> - | |
E | E

________________

________________

©/N02 £t

highly unstable

E
0, p

—— m
benzene

arenium
ion




© Electron donating groups — activating groups

G
«—— electron rich
more reactive
Strongly activating: —NH, ~ —NHR —NR, |
& ¢ N A
_.O.H, —0. > contain
o = .o lone pair
Moderately activating: —NHCOCH;3, —NHCOR , | glectrons
—OR
Weakly activating: —R, —CeHs

They are ortho-para directors



Reason of ortho-para orientation:

,,,,,,,,,,,,,,,,

NH2 @NHZ T NH, (INH?
Ci E | E

e

________________

most stable

benzene

o, p

arenium
ion




v" Activating groups such as —NH, (with lone pair)
are resonance donating

In fact, N and O (with high EN) are inductively withdrawing
with the resonance donating effect stronger than the
iInductive effect

v" Ability of resonance donating
—NH,, -NR, >-0OH, -OR

smaller EN larger EN
0 H
—N-C—R /y%R
H T o
E 5 \

Electron withdrawing
- decreases the resonance donating ability of N Not so good



H

Alkyl substituents
c—H

SHreN

weakly stabilized via hyperconjugation

carbocation stabilized by conjugation with phenyl group

C/H




© F, CI, Br, I:
weak deactivating but ortho-para director

—F.  very high EN
-> worse donor
-> Iinductive effect larger than resonance effect

—Cl
} lower EN

but resonance effect is even lower
+ +

Cl /g(ﬂ
L
C and Cl belong to different period
- weak © bonding (poor orbital overlap)

Overall: weak deactivating



Reason of ortho-para orientation:
+
Cl + Cl + CI C
EN SN CEE GG
v E E E E
still preferred
Cl e | cl ~_¢ Cl
" = O -
E E E
+
R o (- O
+
SOL (535 E

still preferred

m
o, p

benzene

arenium
ion




© Summary

+

-NO,, -NR, —F, CI, Br, | —NH, alkyl

etc. —OH aryl

etc.
with lone pair weak DG
strong DG

strong EWG o
deactivating  weakly deactivating activating

meta director 0, p-director 0, p-director



© With more than one substituents

v' Consonant: no problem

CO,H

OH CF;
P |
07 28 El
J NO, SOzH
NO,
Cl
@ @
ar H,SO,

37% 1%
62% sterically
unfavorable




v’ Dissonant: the stronger activating group controls

3

CH3 sterically CH ON CHs
. sk bad HNO3, H,SO, . 2 @
CO,H CO.H
NO,

v Weak deactivating vs. weak activating
— difficult to predict

CH

3 NG CHj CH3 CHs CHj
3 Cl
Cl _ OoN Cl R .\ cl, Cl
H,SO,
O,N NO,
NO,

21% 3% 19%
17%
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¢ Reactions of the side chain NTU & hemistay
of alkylbenzenes

r

v Benzylic cation: stabilized by resonance effect

_|_
_I_
This orbital is in conjugation

.~ with the aromatic ring

v Benzylic radical is also stabilized for the same reason



v For nucleophilic substitution reaction

C~"CH,X C” "CHX )
| R
1° allylic 2° allylic
< » Go through Sy1 or Sy 2
I
@CHZX QCHX 1
The allylic and benzylic
1° benzylic 2%nzylic / carbocation is more stable
Y
Nu

The transition state of 5,2
reaction is also stabilized
vG by conjugation



© Halogenation of benzylic position
@)

hv
QCH;; + NBS QCHZBr + NH
CCl,
@)
NBS .
CH2CH3 —_—> CHCH3
CCly, A

less stable
not formed

Br

I
s




© The effect of conjugation

H+
! A

O o T

conjugated with not formed
benzene ring
—> more stable

© Some chemistry of alkenylbenzenes
Br

HBr |
CH=CH-CH; > C—CHCH3,
ROOR H-

Formation of more stable radical
(anti-Markovnikov’s orientation)

Br

HBr |
CH:CH-CH3 - C_CH2CH3
H

Formation of more stable carbocation
(Markovnikov’s orientation)




© Side chain oxidation

1) KMnOy4, OH™, A 0
CHg - @C—OH
2) H30

benzoic acid
~100%

1) KMNO,, OH™, A Q
CH,CH,CH,R - - @C—OH
2) H50

Possibly go through a benzylic radical

CH3 KMNnO,4, OH, A
@Q—CH:;, > N0 rxn

CHs no benzylic hydrogen
— no oxidation

Y




3 1% FOHLTF &

% Synthetic application NTU & hemistry ___é

v’ Introduction of substituents
different order - different product

@ - P O

T

target

o N—QCOZH X QCOZH

target

J y
QCH3 — OZN@CH3 x> OsN

hN



U target

Do o Cremn = Cron 0 (o
OZN 02N

ary E
B

OaN unreactive towards
Friedel-Crafts alkylation



f}lJ CH3 CH3

Br, Br
FeBrj
+

Cly| hv
CHj
CCly <>
(j :
Brz l FeBr3
CCl,

O

Br

Cl,

Y

hv

Cl,

hv

Y

CCl,

CCl,

Br

Br



v' Control of reactivity
NH,

(j too reactive, oxidizable by HNO,

O
H3C)LCI
iy i s
H|.\|. CH3 HNkCHg HN CHS < steric
HNO3 b3 | NO; interaction
H,SO,
NO, trace
1) Hz;O", A
2) OH™
NH,

NO,



v Control of regio-selectivity

I i o
HN™ "CHs HN)kCH
f concd. H,SO,4 |-||\|o3 i
SO;H SOzH

2) OH~

NH,
o

1) H,0, HySOy4, A
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