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Chapter 4: Aromatic Compounds
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General Prope

Benzene: "
_ C-C bond length: 1.39 A

—_—_—

e Intermediate to/C-C|(1.54 A) and

rties

RN

* All C-C bond lengths are the sam

C=C(1.34 A)

e = resonance!
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General Properties

Why the difference between benzene and an alkene?

Aromaticity: the extra stability associated with aromatic
compounds.

Aromatic compounds are: ~
O— Cyclic Vls —  Cripit (3¢ \{)‘“J'dhr,w
— planar s pavale! 5 gl Giis Porbitel ¢, o
— fully conjugated —sakisting 5t s aSpl) wi e Parbitel i e ya.

— containlectrons (n=1,2,3...) (Huckel’s rule:

equivalent to an odd number of t electrons pairs in the
ring system). Hukels vule QU3 (e 230 s pyw TC electvon o) ae
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The difference between Benzene and
Alkene cont’d

e What is Huckel’s rule? Huckel l”uleQ:-»"

the structure must contain [4n+2 melectrons

(n=1,2,3...)

* In benzene => 6 1t electrons = applies to huckel’s rule:
4*1+2 =6

* Anotheri.e. Cyclobutdiene => not aromatic

even though it’s a cyclic fully conjugated planar
since it doesn’t apply huckel’s rule

In the above structure we have 4 it electrons => doesn’t
apply to Huckel’s rule : 4n+2=4 => (n€¢1,2,3...)



General Properties

Benzene:
— formula CcHe
_\_Vlo\ex of .
Hydfagen— 1HU |HD 4 (highly unsaturated) -3+ [ ring shructord
Dehclen Iz pl Jabis
iy chemlcal reactivity: substltutlon but only 1
Jl’)o o .

»* product .. all H atoms must be equivalent
— structure: cyG%:Iic, plag)ar, sp? hy@ridized

®* Benzene is cyclic, is planar,
— _—

®* has an interrupted cIoud of it electrons,
* and has three pairs of eIectrons in the mcloud.= 4 Te”

© @ @ > hydridized

Kekule structure Robinson structure
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: ¥* :
Naming monosubsubstituted benenzes

VANANAANS A

* 2 ways:
1. Adding the name of substituent to ‘benzene’
I¥_9Yaup
©/BI‘ ©/Cl ©/NO‘> CH')CH*;
bromobenzene chlorobenzene nitrobenzene ethylbenzene

ﬂllgl Bcnzeno



Naming monosubsubstituted benenzes
% cont’d

2. Names that incorporate the substituent
(parent functional group): - Gmmen Names
S

g hydraxy]
CH; OH ©/ NH, ©/SO3H
toluene phenol aniline benzeqksulfonic[acid
vinyl
P9 9
' . = H ~OH

O O gt T Qe
anisole styrene benzaldehyde benzoic acid benzonitrile

w1 rent name, S ppein Crgr st d s ge



<
Alkyl-substituent benzenes

e 2 ways to name them :
(7C0W\mm Naw\e

1. If the alkyl group has a name :
Alkyl-substituted benzene

|
CH;CHCH; CH;CHCH,CH;  CH;CCH;

s

isopropylbenzene sec-butylbenzene tert-butylbenzene
cumene



Alkyl-substituent benzenes cont’d

2. If the alkyl group doesn’t have a name :
Phenyl-substituted alkane

CH;CHCH,CH,CH;  CH;CH,CHCH,CHj;

2-phenylpentane 3-phenylpentane

* Note: toluene (methyl substituted benzene) is

S
—_—

an exception.



Phenyl and Benzyl Substituents

L e

phenyl group benzyl group
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Naming 2 substituents in benzene
compounds

* First, find if we have a parent functional group
and prioritize it on C1.

* We have 3 structures possible :

/\ortho => substituents are on 1,2
I/“ meta=> substituents are on 1,3

T IN"_ para=> substituents are on 1,4

* Note : O,M,P always comes first and doesn’t
apply alphabet order

Hl




Examples on 2 substituents naming
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CH3 + Uy

Note: if u have CH3 and another parent u prioritize
the other parent naming CH3 as methyl
substituent not toluene compound

<—-—?tmen\'
Name,




Naming 3+ substituent benzenes

* If we have parent group => prioritize it on C1

 |f all are Non-parent groups =>prioritize by
giving the lesser # to the substituents

?CCO"J q
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Resonance Energy

The resonance energy is a measure of the extra stability of the
cyclic conjugated system compared to the corresponding
number of isolated double bonds, i.e.

hypothetical molecule with no
resonance, cyclohexatriene
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Recsrd 9
B Resonance Energy
- -' C sl

The large resonance stabilization energy seen in aromatic
. NIRRT A
compounds results in two effects on their.chemical reactivity:
: I : ow ?
1) Since the resonance stabilization energy |when an
electrophile adds to the ring vou ne r
electrophiles than for alkenes/alkynes, generally this means

using a catalyst.

2) The resonance energy can bedegainedif the intermediate
carbocation loses a H*, this results in a substitution rather than

the addition seen in alkenes/alkynes. The H* is lost to a base,
even weak ones suffice here.

H addition of Nu < H o
W B o W substitution . i
\ h -4 \ 2 E + H
E i E -
= aromutmly nronmtlclt“\'

lost restored
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Mechanism of Electrophilic Aromatic
Substitution (EArS)

In general all EArS reactions proceed by the
same mechamsm

© Jclouhzdun @ ©/
E +

SAst!) (benzenonuunloﬁl

(a carbocation)

resinance)) Guww (5791 go &)tia Shable o
+ E . -
H - H
+ / +

Benzenonium resonance structures
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Mechanism of Electrophilic Aromatic
Substitution (EArS)

As with allenes and alkynes, the carbocation generated by the addition
of the electrophilic is a stable intermediate, i.e.

The formation of the carbocation is the rate determining step as it
takes energy to break the aromaticity.



CJJL\)Q Je sy
EArS - Halogenation

* Cl, and Br, are weak electrophiles on their own so
need to be “activated” by using a Lewis acid catalyst.

e Commonly the corresponding iron trihalide is used,
FeCl; or FeBr; .

(.l Cl
GO e e 5+ o
o @ :Cl—Cl:+ Fe—Cl —— CI--- 4 RLALl Fe—Cl
Cl Cl
weak strong electrophile

electrophile



EArS - Halogenation

The rate determining step is:

This carbon is sp’-hybridized;
it is bonded to four other
= ./

. atoms, and has no double
Eleminakion bond to it.

| 6\, ‘
L ".H,‘ /
+Cl=C]v: FeCly —— + FeCl,
\\/‘ ’ \Cl !

a benzenonium ion
(a carbocation)

The base in this case is the chloride ion:

‘“ Cl+H™ (as HCI
*a @ ey




