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Examples of Substituted Benzenes

CH; CH; 8]

] ] i Q0 OH HO Q)

o CHCHNH, o~ _CHCHNHCH; o~ _COH N/ Y

() [ ] 1 { Y e Y
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amphetamine methamphetamine acetylbsalicylic acid hexachlorophene

an appetite “spend” aspirin a disinfectant

suppressant

Copyright © 2007 Pearsan Prertice Hal, Inc

Nomenclature of Substituted Benzenes

In disubstituted benzenes, the relative positions of the
two substituents are indicated by numbers or by prefixes

Br Br Br
Br
L |
Br

Br
1,2-dib b 1,3-dit L. 1,4-dibromobenzene
ortho-dibr k ta-dib b I para-dibromobenzeneg
o-dibr L: ik L p-dibromobenzene

Copyright © 2007 Pearson Prentice Hall, Inc.

The two substituents are listed in alphabetical order

CH,CH;
1o
Cl

1-chlore-3-iodobenzen 1-br 3-nitrobenz 1-chloro-4-ethylbenzene
meta-chloroi 1 i para-chloroethylbenzens
not
1-iodo-3-chlorobenzene or
meta-iodochlorobenzene
Copyright © 2007 Pearsen Prentice Hall, inc

If one of the substituents can be incorporated into a
name, that name is used and the incorporated
substituent is given the 1-position

NH; OH
o, 2\/(‘ HiCH;
| ] |
%CH : S s
NO,
2-chlorotoluene A-nitroaniline 2-ethylphenol
ortho-chlorotoluene para i ylp
not not not
ortho-chi ik p O T T e

pa
Copyright © 2007 Pearscn Prentice Hall, inc.

Some disubstituted benzenes have names that
incorporate both substituents

CH; CHy CH;

" Q,

ortho-toluidine

OH
para-cresol
used as a wood preservative
until prohibited for
environmental reasons

meta-xylene

Copyright © 2007 Pearscn Prantice Hall, Inc




Naming Polysubstituted Benzenes

The substituents are numbered in the direction that
results in the lowest possible number

NO Br a
o B P =

(T L )

i ~7 NOy O

(&) Br

|2-bromo-4-chlore-1-nitrobenzens A-bromao-1-chh 2 1-by 4-chls 2

Copyright © 2007 Pearson Prectice Hall, Inc.

The incorporated substituent is given the 1-position; the
ring is numbered in the direction that yields the lowest
possible number

OH
5-bromo-2-nitrotoluene  3-bromo-4-chlorophenol 2-ethyl-4-iodoaniline|
Copyright © 2007 Pearsen Prentice Hall Inc

Substituted benzenes undergo the five electrophilic
aromatic substitution reactions discussed in Chapter 14

. Br

halogenation O + L Of + HBr
e NO,

nitration | + HND, -Hi0s, @ + H0

A Wq
sulfonation || + HS0, == | | + H0

I
acylation @ + ROCI LA,
2.H0
alkylation @ + RCI N (\/ + HCI

Copyright © 2007 Pearson Preritics Hall, inc

+ HCI

The slow step of an electrophilic aromatic substitution
Feaction is the formation of the cation intermediate

Electron-donating substituents increase the rate of the
substitution reactions by stabilizing the carbocation
intermediate and the transition state leading to its
formation

Electron-donating groups are activating substituents

Electron-withdrawing groups are deactivating
substituents

rates of elec

Z Y
Z donates electrons | = | ¥ withdraws electrons
into the benzene ring . .9 J from the benzene ring

Copynight © 2007 Pearson Prentice Hall, inc.

Inductive Electron Withdrawal

substituent withdraws ,NH-*

electrons inductively
(compared with a
hydrogen)

Electron Donation by Hyperconjugation
CH;

substituent donates
electrons by
hyperconjugation
(compared with a
hydrogen)




Donation of electrons through a o bond is called inductivd
electron donation

An alkyl group is more electron donating than hydrogen
because of hyperconjugation

Withdrawal of electrons through a ¢ bond is called
inductive electron withdrawal

The NH; group is more electronegative than a hydrogen

Resonance Electron Donation and Withdrawal

Substituents such as NH,, OH, OR, and Cl donate
electrons by resonance; they also withdraw electrons
inductively

donation of electrons into a banzena ring by resanance
HCH, BCH, “BCH, OCH; HOCH |

anisole

Copyright © 2007 Pearson Prentice Hall, inc.

Substituents such as C=0, C=N, SO3H, and NO,H
withdraw electrons by resonance; they delocalize the
n electrons of the ring onto the substituents

withdrawal of electrons from a benzene ring by resonance

- b)) o Lo 4 H o SO o5 & B
), ey A L o
~ '\N/ i ‘ﬁ.,l\
. A (L . . s
— | ‘;J — |~ 1 . r
/ ~ —— ‘v[

nitrobenzens
Copyright © 2007 Pearson Prentice Hall, inc.

Electron-donating substituents increase the reactivity of
the benzene ring toward electrophilic aromatic
substitution

Electron-withdrawing substituents decrease the reactivity
of the benzene ring toward electrophilic aromatic
substitution

[repeea—

Copyright © 2007 Pearson Prentice Hall, Inc

The strongly activating substituents make the benzene
ring more reactive toward electrophilic substitution

Electron donation into the ring by resonance is more
significant than their inductive electron withdrawal from
the ring

strongly activating substituentsl

NH, OH OR

‘Copyright © 2007 Pearson Prentice Hall, Inc




The moderately activating substituents donate electrons
into the ring by resonance and withdraw electrons
inductively

The substituents can donate electrons into the ring and
away from the ring

Overall, they donate electrons by resonance more
strongly than they withdraw electrons inductively

moderately activating substituentsl

0
| s

O/NHCR O,QCR

Copyright © 2007 Pearsnn Pesntion Hat. is

hese substituents are less effective in donating electrong
nto the ring because...

substituent donates
electrons by resonance
away from the benzene
ring

substituent donates

electrons by resonance |

into the benzene ring

JL (I b] [&] (") 8] (")
/\']\,NH('R ( NHCR > NHCR = ﬁEIICR ~ NHCR]

Copyright © 2007 Pearscn Prentice Hall, Inc

Alkyl, aryl, and CH=CHR groups are weakly activating
substituents because they are slightly more electron
donating than they are electron withdrawing

weakly activating substituents|

Copytight © 2007 Peatscn Prentice Hall inc

These substituents donate into the ring by resonance and
withdraw electrons from the ring inductively

weakly deactivating substituents |

Jog o

Copyright © 2007 Pearson Prentice Hall, inc

They withdraw electrons inductively more strongly than
they donate electrons by resonance

These substituents withdraw electrons both inductively
and by resonance

| moderately deactivating substituents |

(o] 0 o] o]
1 [l | I

(¢ C c c
N SH SRS o /*"ﬁl-’ ~oH

Copyright © 2007 Pearsan Prentice Hail, Inc

These substituents are powerful electron-withdrawing
groups

Except for the ammonium ions, these substituents
withdraw electrons both inductively and by resonance

strangly deactivating substituents|

N =0
r/\l iy /\T’N = =\ 0 ~9 /;“T/ NE;
S by W £Fe=N &\_’5)'_?_“” S
0

Copyright © 2007 Pearsan Prertics Hal, Inc




The substituent already attached to the benzene ring
determines the location of the new substituent

X X X X
i
+ g — or or
X
v

ortho isomer meta isomer
Copyright © 2007 Pearson Prertice Hall, inc.

para isomer

All activating substituents are ortho—para directors

CH; CH; CH;
Br
S FeBry
I + Br, — -
toluene o-bromotoluene
Br

p-bromotolueng
Copyright © 2007 Pearson Prertice Hall, inc.

The weakly deactivating halogens are ortho—para
directors

Br Br Br

FeCl \ cl
+ Cl — Q/ +

bromobenzene o-bromochlorobenzene

Cl

1nrekh

p-bromoct
Copyright © 2007 Pearson Prentice Mall, inc.

All substituents that are more deactivating than halogens
are meta directors

(o] 8]
! !
@ \CH_‘ + HNO; _Hi50, @ =cH,
acetophenone NO,

m-nitroacetophenone

NO, NO,

FeBrs
+ Bry, —

Br
m-bromonitrobenzene

Capyright © 2007 Pasrsi Prsntics Hat. ise.

nitrobenzene

*The relative stabilities of the carbocations formed from
the electrophilic substitution of the substituted benzene
determine the preferred reaction pathway

« All substituents that donate electrons either by
resonance or by hyperconjugation is an ortho—para
director

« All substituents that cannot donate electrons are meta
directors

I ¥
onhe .  Sn
s L
Vg B
P relatively stalsle)
o
HCH,
= meta
P
o
anisole
\ OCH,
\__ pera I/‘\[
x b
H Y H Y HY

redatively stable

Copyright © 2007 Pearson Prentice Hal, inc




CH, CH, CH;

Y 4 W
¥
orthe (T4 o @Ln A [
e mast stable
CH; CH, CH; CH;
|

e i 1 — éﬂl
2 Q= Qo = s

toluene

CHy CHy
para A

\g{l — —

H Y H Y

maost stable

Copyright © 2007 Pearson Prentca Hall, Inc

NH NH; NH;

Y PP

h ! -
e H H

M Ty

Icast stable
NH; NH; NH;
1 |

r% . mew ~ Ny
L. + Y ly « ;%/J\_’\.
[protonated ¥ H H

aniline

AN \n{ NH, NH,
- o Q - Q

H Y H ¥ H Y
least stable

Copyright © 2007 Pearscn Prentice Hall, inc.

The Effect of Substituents on pK,

Electron-withdrawing groups stabilize a base and
therefore increase the strength of its conjugate acid

Electron-donating groups destabilize a base and this
decreases the strength of its conjugate acid

electron withdrawal electron donation
_.-I |

- = less electron density - oe greater
Z 4‘@"'0 T ~ _}QQ electron density

electron donation destabilizes
the base by increasing the
electron density on the oxygen

electron withdrawal stabilizes the
base by decreasing the electron
density on the oxygen

Comyright © 2007 Pearson Prentice Mall. inc.

OH OH OH OH OH OH
O 0O 00 QO O
OCH;, CH; cl HC=0 NO,
ok, = 10.20 pk, = 10.19 pK,=9.95  pK,-938 pK, = 7.66 pK, = 7.14

phenal
Copyright © 2007 Pearsan Prentics Hal, inc

The more deactivating a substituent, the more acidic is
the acid attached to the benzene ring

COOH COOH COE)H COOH COOH COOH

\[f

OCH, CH; CHyC=0 NOy
pk, = 4.47 pk, =4.34 pK, = 4.20 pK, 4 00 pk, = 3.70 pK, = 3.44
Copyright © 2007 Pearson Prentice Hall, Inc.

The more activating the substituent, the less acidic is the
acid attached to the benzene ring

NH, NH, NH, NH; NH;
' L E 3 O O
OCH; CH; HC=0 NO,y
bk, = 5.29 pk, = 5.07 pK, = 4.58 pK, 391 pK, = 1.76 pk, = 0.98}

Copyright © 2007 Pearson Prectice Hal, inc




The ortho—para product ratio decreases with an increase
in the size of the substituents

CH, CH, CH,
NO,
W 2
+ HNO, — . | +
toluene 61%
o-nitrotoluene A0k
39%

p-nilmt.mu ene

CH,CH, CH,CHy CH,CH;4

NO,

ethylbenzene 50% \
o-ethylnitrobenzene NG

50%
p-ethylnitrobenzene
Copyrght © 2007 Paarscn Prantics Hal, Ins

CiCHs)s C(CHy); C(CH3);
: NOy
H P WL
+ HNO, 250, I | +
S
tert-butylbenzene 18% NO,

o-tert-butylnitrobenzens 2
82%
p-tert-butylnitrobenzens

Copyright © 2007 Pearson Prentice Hall, Inc.

Methoxy and hydroxy substituents are so strongly
activating that halogenation is carried out without Lewis

OCH; OCH, OCH;

Br
REEN eI
Br

anisole o-bromoanisole
p-bromoanisole
The presence of Lewis acid and excess bromine
generates the tribromide
OCH; OCH,4
FeBrs Br Br
| + 3Br, —
anisole Br

2,4,6-tribromoanisole

A benzene ring with a meta director cannot undergo a
Friedel-Crafts reaction
SO;H

AlCI i
+  CH;CH,Cl ——2> no reaction

benzenesulfonic
acid

NO,

T
+  CH;CCl A, 16 reaction

nitrobenzene

Coppright © 2007 Prarsen Prantcs Hal ins

Comprghe 7007 Pearace Pravtcs P e

Aniline and N-substituted anilines do not undergo

Friedel-Crafts reaction

H,LN: H,N—AICI;

AlCl;
S

aniline

Copyrght B 3007 Pasrion Prasic It e

Phenol and anisole undergo Friedel-Crafts reactions at
the ortho-para positions

Aniline cannot be nitrated; it can be oxidized by nitric acid

In designing a disubstituted benzene, the order in which
the substituents are to be placed on the ring must be
considered

SOH SOsH

0= & O
A J FeBr.
~F : Br

m-bromobenzenesulfonic acid

Br Br

Br
S0:H
| Bry | Hz504 f% ¥ | .
- FeBry A R \f’

SO.H o-bromobenzenesulfonid
£ i

acid
p-bromobenzenesulfonic
acid
Copyright © 2007 Penrson Practice Hal, lnc




The Friedel-Crafts acylation must be carried out first
because the nitro group is strongly deactivating

0 [0}
I I

o & I
[ ) + cucar RAG | TCHy _HNO, “CH,
d 2. H;0 | H;50;,

NO,

m-nitroacetophenone
Copyright © 2007 Pearson Prentice Hall, Inc.

n the synthesis of para-chlorobenzoic acid from toluene,
he methyl group is oxidized first

CHy CH;, COOH
Gy _NayCry0y, H™ |
FeCly A
Cl Cl

para-chlorobenzoic acid

In the synthesis of meta-chlorobenzoic acid, the methyl
group is oxidized before chlorination

CH, COOH C

g

| NayCryOy, H', . Ely
A

Cl

meta-chlorobenzoic acid
Caprytight © 2007 Paarsen Prentcs Hall inc

n the following synthesis, the type of reaction used, the
prder of introducing the substituents, and the point at
Which a substituent is chemically modified must be
Considered

0

|
__CCHCH, _CH.CH,CH,
i

InHg) |
HO

Synthesis of Trisubstituted Benzenes

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

CH; CH;4
NO,

+ HNO; 50

NO, NO,
p-nitrotoluene 2,4-dinitrotoluene
Copynght © 2007 Pearson Prentice Hail, inc

HOS
para-propylbenzenesulfonic acid
Copynghl © 2007 Peanscn Prentice Hall, Inc.
both the methyl and chloro substituents
direct the incoming substituent to these
indicated positions
CH; CH; CH;
H;50, il
+ HNO; —— | +
Cl Cl Cl
S-chloro- NO,

2-nitrotoluene

m-chlorotoluene 3-chloro-

4-nitrotolueng
Copyright © 2007 Pearsan Prentics Hal, inc

Steric hindrance makes the position between the
substituents less accessible

+ Br, —

o, o,

p-methylphenol 2-bromo-
4-methylphenol
major product

OH OH
@ )

Copyright © 2007 Pearson Prentice Hall, Inc.

A strongly activating substituent will win out over a
weakly activating substituent or a deactivating substituent




If the two substituents have similar activating properties,
neither will dominate

CH;_di_rects here ‘:‘” 3 C”.'\ CH;
I——\\ J _A_NO,
|/j + HNO, 150 j + /j\
i{ I\ Y Y no,
CH;CH;, directs here|  cy,CH, CH.CH, CHyCH,

p-ethyltoluens -ethyl- d-athyl-
2-ni I Loni 1

Capynight © 2007 Pearson Prentice Hall, Inc

Synthesis of Su
Using Arene

bstituted Benzenes
diazonium Salts

N=N CI

an arenediazonium salt

+
N=N CI”

benzenediazonium
chloride

Nu
+ "Nu — © + N:T + CI7

Copyright € 2007 Pearson Prantoe Hal, inc

Preparation of the Diazonium Salt

+
NH, N=N CI
N, NaNO,, HCl

P 0°C

Copyright © 2007 Pearson Prentice Hall Inc

Sandmeyer reactions

Consider the synthesis of para-chloroethylbenzene

CH3CHy CHyCHy

J_a

jij + o £ '!Lf & @

ethylbenzene o-chloroethylbenzens l

CHyCHy

p-chloroethylbenzene

CH,CH, CH,CH, CH.CH,
l/\. NaNOy, HEI _ |/H“*\ cudl

O ===

NH, N=N CI a

p-ethylaniline p-chloroethylbenzene

Copyright € 2007 Pearson Prensce Hal, inc

N=N Br Br
e CuBl ke :
H uBr “ J . Nl
S~ s
bromide
N=N Cl cl
S T
K _cuat Y et
I J L
CHy CH,
P di p-chi
chloride
N=N CI ce=N
= - =, .
L =t [ + Ny
S~ e #pr
chloride
P ——
+
N=N I I
+ KT —» + NJ o+ KCl
CH, CH;
|p-toluenediazonium p-iodotoluene
chloride

Copyright © 2007 Pearson Prectice Hal, inc.




Fluorination of Benzene

Schiemann reaction

N=N (I N=N BF;

O =0 QO me

flusrobenzene
Copyright © 2007 Pearson Prentice Hall, inc

The Arenediazonium lon as an
Electrophile

OH N=N I OH
'\;(J * l'x,« gﬁl_\‘“r — IL A
phenol  meta-bromobenzenediazonium N
chiaride .?L'Z- an azo linkage

A
]
SRy
3-brome-4'-hydroxyazobenzene
an azo compound

Copyright © 2007 Paarson Prasticn Hat inc

Only highly activated benzene rings can undergo this
reaction

Substitution takes place preferentially at the para position

[Mechanism

INICHay

S

o—

v N-dimethylaniline { Y N
s | HB

e

C1

Ry

p-N.N-dimethylaminoazobenzend

Capyright © 2007 Pearsan Prenfics Hal, Inc

N=N CI OH
;A 0
+ H0t > + N, + HCI

phenol

Copyright © 2007 Pearson Prentice Hall, Inc.

However, if the para position is blocked ...

OH N=N CI OH
./J\. 1\"=N4<
'l\( B o #
CH; CH;
lo-methylpt I k liazonium 2-hydroxy-
chloride 5-methylazobenzene

Copyright © 2007 Pearsan Prentice Hall, Inc

Reaction of Amines with Nitrous Acid

NaNO,, HCl "

aryl—NH; 20, L N=N o
NaNO,, HCl y .
alkyl—NH; — g2 alkyl—N=N CI

s/ wla L

Na* H—N=0: == HD—N=0: = HO-N=0: = “H=8: + H.b

sodium nitrite nitrous acid H nitrosonium

ion
Na'CI Cl
Copyright © 2007 Pearson Prartics Hal, inc
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FII H il ~H=—B B
| o "
Hiz II:I\" N=0 HN—N=0 H—‘*—.\'-—UH
| |
P 1 X P P
+ ‘NmQ — —_— | | — | |
S S v S
aniline nitrosonium a nitrosamine
a primary amine ion l
B ~H-~B|
. T H %
Ne=N N=N—OH Ne=N—0H
A Py X
{ +mo — [ ] = | ]
e N L
a diazonium an N-hydroxyazo
ion compound

Copyright © 2007 Pearson Prentice Hall, Inc.

The reaction stops because a secondary amine lacks a
second proton

rlt H B HB
CH3Mi—— CHN-N=0 CH;N—N=0
| T
l(L\ v oo — [ —_— N
e ~ \\‘,sJ

N-methylaniline N-methyl-N-nitrosoaniline
|a secondary amine a nitrosamine
Copyright © 2007 Pearson Prantice Hall, Inc

The bulky dialkyl amino group blocks the approach of the
hitrosonium ion to the ortho position

(CHN: (CHyN—N=0

il L)
'\A + N=0 =

N, N-dimethylaniline
a tertiary amine

(CHy)N:

para-nitroso-N.N-dimethylaniline
85%
Copyght © 23007 Pearcn Pravice Hel, In:

Nucleophilic Aromatic Substitution
Reactions

Nucleophilic aromatic substitution reactions can occur when
an aryl halides have at least one strongly
electron-withdrawing substituent attached to the benzene ring

al OH
f 1. HO(pH 14), 160 °C ¥ Aal
NO; NO,
cl OH
NO; L NG,
“ HO"(pH 10), 100 °C e—

NO, NO,

(81| OH

0N NO O,N NO,

2 4 H 7 40 ° vl
| 20 (pH 7), 40 °C +cl

NO, NO,

Electron-withdrawing substituents increase the reactivity
of the benzene ring toward nucleophilic substitution and
decrease the reactivity of the benzene ring toward
electrophilic substitution

Copyrght © 00T Pasrscn Prastics . =

General mechanism for nucleophilic aromatic substitution

Copyright © 2007 Pearsan Prentice Hafl, Inc

X X ¥ X3 ¥
A pia
| + ¥ + X
e - S
NO. N NO, NO
0T

11



The electron-withdrawing substituents must be ortho or
para to the site of nucleophile attack

r_h}{) ’*td

& (;VNK

electrons are delocallzed
onto the NO, group

Copyright © 2007 Pesrson Prantics Hall inc

The electrons of the attacking nucleophile can be
delocalized

The incoming group has to be a stronger base than the
group that is being replaced

F n( Hy
b, a.
|+  CHa |+
L . w
NOL '\{:
pfluoronitrobenzene p-nitroaniscle
Br NHiCH.CH, Br ,fucu_'cm
_NO _NO: by - NO2
Sy P o e 1 Ho- e
| + CHyCH:NHy — | ——t + HC
L L
NOy NO: NOy

1-brome-2.4-dinitrebenzene N-ethyl-2.a-dinitro-
aniline

Copyright © 2007 Pearson Prantice Hall, inc.

Formation of Benzyne

@‘ :NH, ap e
1 2L NHy ™S *

NH, e NH,
benzyne L C]/ _HTNH, | @/ + :NI!:

Capyright © 2007 Pearson Prentice Hall, inc.

cl LCI
- H*% * - *
+ NH, — '+NH;—»©+CI'
benzyne
Copytight © 2007 Pearscn Prentice Hall, Inc.
CH; CH, CHy

Br NH,
+ NaNH, - NH; (i) I + |
NH;

o-bromotoluens .
o-toluidine m-toluidine

direct-substitution product il product}
Copyright © 2007 Pearson Prertica Hall, Inc

Benzyne Is an Extremely Reactive
Species

“b‘

Capynight © 2007 Pearson Prentice Hall. inc.
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Polycyclic Benzoid Hydrocarbons
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