AROMATIC COMPOUNDS




AROMATIC COMPOUNDS

= Aromatic compound: a hydrocarbon that contains one or more
benzene-like rings.

= Arene: a term used to describe aromatic compounds.

= Ar-: a symbol for an aromatic group derived by removing an -H
from an arene.

ekule’s structure for benzene (1872).
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Benzene Toluene Xylene Indene
(bp 80°C) (bp 111°C) (bp: ortho, 144°C; (bp 182°C)
meta, 139°C; para, 138°C)




H

molecular is planar
all bond lengths are the same




Bromobenzene Nitrobenzene Propylbenzene
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AROMATIC COMPOUNDS

TABLE 15.1 Common Names of Some Aromatic Compounds

Formula Name Name
CHj, Toluene CHO Benzaldehyde
e (bp 111°C) @ (bp 178°C)

Phenol ; Benzoic acid
= (mp 43°C) e (mp 122°C)

Benzonitrile
(bp 191°C)

Aniline
(bp 184°C)

ortho-Xylene
(bp 144°C)

Acetophenone
(mp 21°C)

’

Cumene

CH—CH, Styrene
(bp 152°C)

(bp 145°C)
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1 (|3H3

CHCH,CH,CH,CH,CH, CH,%
@7( ©/ 2 3 4 5 6 1 ©/

A phenyl group 2-Phenylheptane A benzyl group
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POLYNUCLEAR AROMATIC COMPOUNDS

= Polynuclear aromatic hydrocarbon (PAH).

= A hydrocarbon that contain two or more benzene rings, with each

pair of rings sharing two adjacent carbon atoms.
C ‘




Cl
1
2

Cl

ortho-Dichlorobenzene
1,2 disubstituted
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CH,
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Toluene

8l - . SN

meta-Xylene
1,3 disubstituted

FeBr3 ©

p-Bromotoluene

3

4

Cl

para-Chlorobenzaldehyde
1,4 disubstituted




3

Br 4 CH3 NO2
2 1
1 2
CH3 02N ¢ Cl

3

4-Bromo-1,2-dimethylbenzene 2-Chloro-1,4-dinitrobenzene 2,4,6-Trinitrotoluene (TNT)
© Thomson - Brooks Cole
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SOH

A

,6-Dibromophenol m-Chlorobenzoic acic
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EXAMPLES

CHs OH NO,
1 2 o N02 &\5 1 /Br 4 :
3 : ! 2

| ¢ 4 Br

1
CH, CH,
2-F m-l-ethyl-4-



The C-C bonds in benzene are i
equal and intermediate in length. |




The hybrid h

l The electrons in the © bonds
- are delocalized around the ring.

Some texts draw benzene
as a hexagon with an inner

circle:

The circle represents the
six 7t electrons, distributed over
the six atoms of the ring.




Benzene—A planar molecule




AROMATICITY

The underlying criteria for aromaticity were recognized in the early 1930s by Erich
Huckel, based on MO calculations.

To be aromatic, a compound must;
= be cyclic.
= have one p orbital on each atom of the ring.

pe planar or nearly planar so that there is continuous or nearly continuous
0 orbitals of the ring.

ons in the cyclic arrangement of p orbitals.

ith alternating

Benzene

Three double bonds;
six 7 electrons



COMPOUNDS WITH 4N [] ELECTRONS ARE
NOT AROMATIC (MAY BE ANTIAROMATIC)

= Planar, cyclic molecules with 4 n 1 electrons are much less stable than
expected (anti-aromatic).

= They will distort out of plane and behave like ordinary alkenes.

= 4- and 8-electron compounds are not delocalized (single and double
bonds).

= Cyclobutadiene is so unstable that it dimerizes by a self-Diels-Alder
reaction at low temperature.

C clooctatetraene has four double bonds, reacting with Br,, KMnQ,,
it were four alkenes.




\
H—C\ (o .

H
Cyclopentadienyl anion Cycloheptatrienyl catio

Six 7 electrons; aromatic ions

© Thomson - Brooks Cole

yclopentadienyl anion cyclopentadienyl cation cyclopentadienyl radical
6 m electrons * 4 rt electrons * 5 &t electrons
contains 4n + 2 « electrons e contains 4n n electrons ¢ does not contain either 4
or 4n + 2 rt electrons




WHICH OF THE FOLLOWING COMPOUNDS ARE
AROMATIC?

A |




* An aromatic compound is more stable than a similar acyclic compound having the
same number of & electrons. Benzene is more stable than 1,3,5-hexatriene.

* An antiaromatic compound is less stable than an acyclic compound having the
same number of &t electrons. Cyclobutadiene is less stable than 1,3-butadiene.

* A compound that is not aromatic is similar in stability to an acyclic compound

having the same number of & electrons. 1,3-Cyclohexadiene is similar in stability to
cis,cis-2,4-hexadiene, so it is not aromatic.

nonaromatic

O-Cloag| =T

benzene 1,3,5-hexatriene | cyclobutadiene  1,3-butadiene | 1,3-cyclohexadiene Cis, cis-2,4-

hexadiene
more stable less stable _T
aromatic antiaromatic similar stability




SUBSTITUTION REACTIONS OF BENZENE AND ITS
DERIVATIVES

=  Aromatic compounds do not undergo addition reactions because they would
lose their special stability (aromaticity).

= Instead, they undergo substitution reactions, which allow them to retain their
aromaticity.

=  We will study three types of substitution reactions of benzene: halogenation,
nitration and sulfonation.

Addition:
Br
Cen CE
Br







HALOGENATION OF BENZENE

= Br;, or Cl, can react with benzene, using a catalyst, to form bromobenzene or
chlorobenzene.

=  Only the monohalogenation product is produced

= When Br; or Cl, reacts with toluene, a mixture of isomers is produced.

= Ortho and para isomers are the major products, and meta isomer is the minor
product.

xamples:

Cl

[




HALOGENATION OF BENZENE

Benzene’s 11 electrons participate as a Lewis base in reactions with Lewis

Bromine Polarized bromine
a weak electrophile) (a strong electrophile

©2004 Thomson - Brooks/Cole

Nonaromatic carbocation

J’Fast

Br
©/ + HBr + FeBr,




Nitric acid

O
N\ +

" 2
@ [ 7

o= N—O

Nitrobenzene




4
¥
OH

Benzenesulfonic acid




ALKYLATION OF BENZENE- FRIEDAL-CRAFTS
REACTION.

= Benzene reacts with alkyl halide in the presence of AICl; catalyst to
form alkyl benzene.

= Example: Benzene reacts with 2-chloropropane in the presence of

AICI; catalyst to yield isopropyl benzene ( also called as cumene).
Cl

CHCH;
e




NO reaction where Y = — KIR:;, —NQO,, —OCN,
Bl H, ~— CHO, — COCH,,
—CO.H,—CO,CHj4
(—NH,, —NHR,— NR,)

2l

n aryl halide A vinylic halide

NOT reactive




£

CHCH,CH, CH,CH,CH,CH,
CH;CH,CH,CH,.CI
AlCl,, 0°C 3

sec-Butylbenzene Butylbenzene
(65%)

Hydride shift
—_—

—

Primary butyl Secondary butyl

carbocation carbocation
© 2004 Thomson/Brooks Cole




H 0 I <« acyl grou
Friedel-Crafts acylation— @ é'; C\R A
H + YN\
General reaction Rl AC, ’ +  HCl

acid chloride ketone

:
J

new C—C bond




Benzene
O O
[l [l ia = — CHj - &
—NO,; —SOz;H —COH —CH —Br: —F: (alkyl) —QCH3 — NH,

Reactivity

g g % G- Ly . —é=
—CCH3; —COCH; —NHCCHj

s ————— P ————— Ne————
Meta-directing Ortho- and Ortho- and
deactivators para-directing para-directing
deactivators activators
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Ortho
attack

Meta

Most stable

attack

Chloro-
benzene

:Cl:

Cé'l:

H NO,
Most stable




Least stable

CHO

+

Benzaldehyde

H Cl

Least stable




EFFECT OF SUBSTITUENTS IN AROMATIC
SUBSTITUTION

Substituent Reactivity Orientation Inductive effect Resonance effect

CH Activating Ortho, para Weak: None
electron-donating

{_’”- Activating Ortho, para Weak; sStrong;
4.6 electron-withdrawing electron-donating

F:, -CI, Deactivating Ortho, para Strong; Weak;
e electron-withdrawing electron-donating

N(CH..) None

NO CN, Deactivating Meta Strong: Strong:
CHO, —CO,CH., electron-withdrawing electron-withdrawing
COCH CO.H

© 2004 ThomeonBrooss Cole



ORGANIC SYNTHESIS

CH,

A HNO4/H,SO,
> > B

esize the following




CH,CH,CH.,CH,

KMnOy4

_——

Butylbenzene
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o | (]

toluene

©/CH(CH3)2

isopropylbenzene

O
Il

C
KMnO, ©/ ~OH

benzoic acid

COOH
phthalic acid

I No reaction i

carboxy group




Hy, Pd
———s

Ethanol

4-Phenyl-3-buten-2-one 4-Phenyl-2-butanone (100%)
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O

CH3;CH,CCl
AlClg

CH3CH,CH,Cl
AlCl3

©/CH30H20H3

Propiophenone (95%) Propylbenzene (100%)

CH

©/CH2CH2CH3 ©/CHCH3

Mixture of two products



REDUCTION OF AROMATIC COMPOUNDS

H,, Pt; ethanol CH
o=
or
CH3 H,, Rh/C;ethanoI CH;

1 atm

H,, Pt; ethanol




ORGANIC SYNTHESIS

1. Starting with toluene, show how to synthesize the following
compounds?

a) o-Bromotoluene
b) m-Nitrobenzenesulfonic acid

2. Starting with benzene, show how to synthesize the following
compounds?

itrobenzoic acid b). p-tert-Butylbenzoic acid

eaction.




ORGANIC SYNTHESIS

1. Synthesize m-chloronitrobenzene starting from benzene.

2. Synthesize p-bromobenzoic acid.




