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Chapter 8. ARENES

Benzene
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CRITERIA FOR AROMATICITY

To be classified as aromatic, a compound must
meet both of the following criteria:

It must have an un-interrupted cyclic zcloud
above & below the plane of the molecule

 The ® cloud must contain (4n + 2) zelectrons (n
=0,1,2...)

< N

VU bre=4x1+2

un-interrupted ‘ﬁn

cyclic zcloud ‘4‘
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Aromatic:
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NOT aromatic: NOT (4n + 2) ze

0o 00O

(+)

4me 5re rme 8 e

| Interrupted
| cyclic n

_gpg gpg cloud

cycloheptatriene cyclopentadiene 5
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NOMENCLATURE OF
MONOSUBSTITUTED BENZENES

Name of substituent + benzene

Br j{jl j HDE CHECHE

bromobenzene chlorobenzene nitrobenzene  ethylbenzene
CHjs
CH,CHCH, CH,CHCH,CH; CH,CCH,
é ,,f
. J

isopropylbenzene sec-butylbenzene tert-butylbenzene
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Names have to be memorized:

toluene phenol aniline benzenesulfonic acid
I
(O H, CH=CH, Ce
g g S5
anisole styrene benzaldehyde

i
C C=N
g g

benzoic acid benzonitrile
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NOMENCLATURE OF DI- &
POLYSUBSTITUTED BENZENES

Cl
i NO, /C/CHECHB
1 i 1~
Br

1-chloro-3-iodobenzene  1-bromo-3-nitrobenzene 1-chloro-4-ethylbenzens
meta-chloroiodobenzene meta-bromonitrobenzene para-chloroethylbenzene
not
1-iodo-3-chlorobenzene or
meta-iodochlorobenzene

L}

Alphabetical order, 1-position for the 15! stated substituent
8
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1 of the substituents can be incorporated into a name:

NH, OH
| e é{EHEEHE,
ZCH, a
NO,

2-chlorotoluene 4-nitroaniline 2-ethylphenol
ortho-chlorotoluene para-nitroaniline ortho-ethylphenol
not not not

ortho-chloromethylbenzene para-aminonitrobenzene ortho-ethylhydroxybenzene

CH, CH; CH;
Names NH; =
Incorporating ‘
2 substituents CH;
OH

ortho-toluidine  meta-xylene para-cresol °
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Cl

Alphabetical Lowest possible
order numbers
1-bromo-4-chloro-2-nitrobenzene
Br ,,H% CH- Cl CH,CH,
| P = Br =, NH-
NO, |
L-bromo-2-nitrotolusne 1
OH

3-bromo-4-chlorophenol

2-ethyl-4-iodoaniline
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PREPARATION OF BENZENE

heat

Benzoic acid Calcium oxide Benzene Calcium carbonate

3 HC=CH Catalyst , CsHs
acetylene Benzene

a”

Petroleum Bezene

11


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

REACTIONS OF BENZENE

Halogenations of benzene

Br
FeB
Q + Br, —35 O/ + HBr

bromobenzene

Cl
= FeCl
| + Cl, —2 + HCI
=

chlorobenzene

oxidizing agent

[;

I
@ ' I+ o O/ ' H+

iodobenzene
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Reaction mechanism: electrophilic substitution

. e & -,
‘Br—Br- + FebBr;

‘Br—Br—FeBr,

ko

T
« JH N

(X ~ '.
@5FLBI+—FEBT3:‘ Br 2,

MBT + FEEI.I._'I_
| + HB?

"",_\____'___,;:.ff"'

l_zeErJF + HB" >  HBr + FeBr; + ‘B

o

Catalyst regeneration 13
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Nitration of benzene

NO,
= H,SO -
+ HNO; —— O/ + H,0
=

hitrobenzene

-

g N H
HO—NO, + H—OS0H — HQ;NGE
hitric acid L

+ HSO3

-— +N':'E + HEE}:
nitronium ion

+ .ﬁH ‘B NO,
Shor (o (Y
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Sulfonation of benzene

SO,H
©+ H,50, — Q/ + H-,0

benzenesulfonic acid

50,H
H;0*/ 100 °C
= : + SO, + Ht
Reversible reaction J

15
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Reaction mechanism' electrophilic“substitution

o O
* || e N, || . R <
H'I:IjI S—OH + HO—5— I_DHE— HC_I 5—OH n
|| || | e N
O: 0:
- VR
sulfurlc acid ’H Cl—ﬁ?-—ClH
l:.:_l:

oy :
§5G3H 5 % O SO-H
P =
SO,H
P— O/ + HB*

16
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Friedel-Crafts Alkylations of benzene

.-""-J_-\-""-\-'-\“-.-"'-R'
O L RC] AlCls + HCI
x"\-._____,-./'f:"—'-'

e
R_E::]- + Jﬂ'!ulcll_q E— R.+ + _."j'i.]'::t]_l_
i

(e @4 2O

17
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CH
alkylation of benzene by an alkene | .

4o - CHCHyCH;
+ CH;CH=CHCH; —— |
~

sec-butylbenzene

alkylation of benzene by an alcohol CH;

CHCH;
H,S0, ]

OH isopropylbenzene
cumene

18
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N
Q b . S CHCH:CH,CH,
P 3

3
0°C
CH3CH,CH,CH,Cl ~
1-phenylbutane

1-chlorobutane 35%
CH;

|
CHCH,CH,
Carbocation
rearrangement
2-phenylbutane
65%

+ 1,2-hydride shift
CH:CH,CHCH, : . CH;CH,CHCH;

WA
h /

a primary carbocation a secondary carbocation
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Ok

CH,

CH;CCH,ClI

CH,

Alclg X ‘

T

=

CH,
CCH,CH;
CH,

1-chloro-2,2-dimethylpropane 2-met h!v"":_‘-'l -l:lljﬂh‘;nyl butane

CH,

CH,

1,2-methyl shift

+
CH,CCH,
A

ch:\

A

> CH,CCH,CH;-
+

a primary carbocation

a tertiary carbocation

20
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Friedel-Crafts Acylations of benzer&le
|

O

C
1. AlCl ~R
+ C S DHO/ +HCI
R cp <

an acyl chloride

</_‘>

O
O O C O
A [ | 1. Al ~R |

an acid anhydride
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Reaction mechanism: electrophilic substitution

O

| )

C/  + AICl,—|R—C=0: «— R—EEG:]
P Y - + +
R Cl: an acylium ion

+ _ﬂlcllq_
T 0

22
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i ‘]
@ Alcl; CHCH,CH;
Rearrangement

+ EH;EHEEHECHEC] major product

x O
- _~_-CCH,CH,CH;

3 ; 2 l::l .
2' HE -‘H"‘-._:"-;""-?

CHECH ECH 2 CH 3
Zn(Hg), HA, A @[/

23
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REACTIONS OF SUBSTITUTED
BENZENES

Relative rates of electrophlllc substltutlons

Y withdraws electrons
from the benzene ring

Z donates electrons
into the benzene ring

JO-O0E

—HHR —CH

_NRE [:}

_ |
OH L
OR o

O I

| —COR
—NHCR Electron- Electron- =
O donating withdrawing [

| —COH

—OCR 24
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-,
-C,

Relative reactivity

Electron-donating Eelectron-withdrawing

! !

I Activating l I Deactivating l

ortho/para-directing meta-direcring
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The Effects of Substituents on the Reactivity of a Benzene Ring
Toward Electrophilic Substitution

Activating substituents Most activating
—NH, | N
—NHR
Strongly
—NR; " activating
—OH
—OR 4
- _
—HH'!‘.R Moderately
{ﬁ' | activating
—OCR - Ortho/para
—R . [ directing
| Weakly
—Ar " activating
Y —CH=CHR _
Standard of comparison — —H
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Deactivating substituents

—NH;
—NHR,

—F
—Cl

—COH
O

|
—CCl

—C=N
—S804H

+
—NH;R

+
—NR;
—NO,

Weakly

| deactivating

Moderately
deactivating

Strongly

[ deactivating

Most deactivﬂt_ing

- Meta directing

27
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EFFECTS OF SUBSTITUENTS
ON ORIENTATION

E/D EE) CH; CH; CHx
group Bry A/Er
? -+
FeBr; L
toluene o-bromotoluene Br
p-bromotoluene
Only for  Br Br Br
halogen C1
Cl,
group Hﬁ 2. .
H‘“«,ﬁ FE'E|3
bromobenzene o-bromochlorobenzene Cl

p-bromochlorobenzene
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E/W — 0 I
group |;|:|‘ SLE EHEH;,
O/ CH;  H,50,
acetophenone NO;

m-nitroacetophenone

NO, NO,
BI‘E

Ty
-

FeBrs

Br
nitrobenzene m-bromonitrobenzene

29
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:OCH; OCH; :OCH; OCH,
/L\ meta T +A +
| + Y+ 3 N 3 v s v
“'\-h‘_‘_w'__f;';"-"’ “-\,_\:__HT M_
anisole H H H
:OCH; :OCH; :0CH;
)“‘\ + =
‘ . — ‘ ‘ — .
para Y
"H Y H ¥ H Y

relatively stable
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+ +
E/W orthe = N, NH, NH.
H = u -
L —
1 +“"‘-.‘U,.-"',-"-f-‘ +
least stable
+ + + +
NH, NH; NH;, NH,
meta + 2\+
+ Y+ > — —
Y TN AT
protonated + H H H
aniline N N +
NH; NH, NH;
=
— —
+ +
para
» H Y H Y H Y

least stable
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THE ORTHO-PARA RATIO

CH; CH; :
)ﬂ\ HNO, NO, | N
> +
e H,50, o
I 61%
NO, .
Incre_ase n .~ Decrease In
the size of 5% the o/p ratio
substituents CH.CH; CH,CH, CH,CH; P
HNO, NO, N
—'} +
H,50, ,,,f
50% NG,
50%
C{CHq}q E{C‘H?}l C{CH;};

HN::::q N0
stm
18%

32
EE%


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

ADDITIONAL CONSIDERATIONS

More deactivating than halogen, the ring is too unreactive for
(only) Friedel-Crafts alkylations & acylations

SO.H

AlCl,

+ CH,CH-Cl » NO reaction

NO,

=

0
|

W gEyEChan A

> 10 reaction

33
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Aniline & N-substituted anilines do NOT undergo Friedel-

Crafts reactions:

a meta director

ﬁ"'

HaN —AICI 3

aniline

Also can NOT undergo nitration —
primary amines are easily oxidized

More
deactivating
than
halogen

Phenol & anisole do undergo Friedel-Crafts reactions,
orienting ortho & para — oxygen does NOT complex with
the Lewis acid

34
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SYNTHESIS OF TRISUBSTITUTED BENZENES

More activating substituent controls the regioselectivity

both the methyl and nitro substituents
direct the incoming substituent
to these positions

i 7
R CH, / CH,
l
HNO, S
H,S0,

NO, NO,
OH directs here\{ OH OH

Br
O + Br, —

CH3 directs herﬁ CH, CH; N
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HALOGENATIONS OF ALKYL
SUBSTITUENTS

NOT Lewis acid
4 B
CH,CH,CH; \ . CHCH,CHj;
+ NBS e s
peroxide _

propylbenzene Br, 1-bromo-1-phenylpropane

+ HBr

: 1

Can undergo E1 & E2, S\ 1 & S\2 reactions as usual
36
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OXIDATIONS OF ALKYL SUBSTITUENTS

CH COOH
? 1.KMnO,4, A | =
2. H ’ -

CH,CH,CH,CH, COOH

A

| o= NazCra07, H' |

2 F
= CHCH, ~~ “CoOH

CH; does not have a
benzylic hydrogen

T

C—CH, X
O/J?H Nagcriﬂ;, H ., ho reaction
. 3 '

37
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NUCLEOPHILIC AROMATIC
SUBSTITUTION REACTIONS
r;Nu
X
@C] >—— 1o reaction
Cl

OH

t 1. H'D (pPH 14), 160 °C m
J= P

NO, NO,

E/W groups must be positioned ortho / para to the halogen
38
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OH

CI

NO NO
A N0 HO- (pH 10), 100 °C _ .
\f/’“

NO, NO,
Cl OH
0,N NO 0,N NO
- \l)“\‘ﬁ/ " H,0(pH7),40°C  ~ -
\(/
NO, NO,

The greater the number of E/W substituents, the easier it is

to carry out the reaction
39
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F OCH;

( .
+ CH.O ——
\,,f/f

NO, _NO,
Br NH-CH-CH5-
NO, NO,
A
+CH;CH,NH,— O
NO, NO,
NHCH,CH-
NO,
HO™
—

NO,

Br

40
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