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"9A.4 HUCKEL’S RULE AND.AROMATICITY

In 1931, Huckel gave a rule for.monocyclic compounds, which states that the cyclic compounds
containing (4n + 2) delocalized 1w electrons exhibit aromatic character. Here n can be zero or a

whole number. For example, for n = 0 the value of (45 + 2)is 2 and for n = 1, the (dn + 2) is 6
and so on. This means that systems containing 2, 6, 10, 14, 18, 22, and so on delocalized 7 electrons
’ e L: . y « A

show aromatic behaviour.

\@ A compound is said to exhibit aromaticity if it satisfics all of the following
conditions simultancously:

(i) It is cyclic.
(it) It is planar. In general presence of sp? hybridized carbons in the system imparts

planarity.

It exhibits continuous delocalization of 7w electrons (continuous delocalization
is possible _1'f1) orbitals are available on each carbon for overlap).

[t should follow Huckel’s rule, also known as Huckel magic number, that is, it
should have (4n + 2) number of delocalized 7 electrons where n is zero or

(iii)
(iv)

a whole number.

9A.5 AROMATICITY IN BENZENE AND OTHER CYCLIC SYSTEMS

Aromaticity is not restricted to benzene and its derivatives but is also extended to other cyclic
systems, cyclic ions, fused cyclic systems, and heterocyclic compounds. Following examples discuss

the concept of aromaticity in different systems.

9A.5.1 Aromaticity and the Three Membered Ring Systems

Cyclopropene
Characteristics of cyclopropene molecule are as follows:

(i) It is cyclic
(i) It is planar i H H
(iii) It does not exhibit continuous delocalization. One of the ;,

3

carbon in cyclic system is sp? hybridized and thus, p orbital o
is not available on that carbon for delocalization. ‘
Obeys Huckel's rule, as the number ol delocalized melectrons

(iv)

1S tWO.
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as all the conditions are not simultancously satisfied. The .

Thus, cyclopropene is not aromatic
condition of continuous delocalization 1s not followed.
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@ Cyclopropenyl lons

The sp’ hybridized carbon in cyclopropene is not involved in delocalization. Removal
of a hydrogen (cither as a proton (H") or as o hydride (H7)) from this carbon results
in the formation of an anion or a cation where y] the carbons are sp? hybridizcdland
thus, continuous delocalization of 7 electrons takes place.

I
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H H Loss of hydride P
;‘ Cyclopropenyl cation
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sp H
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> sp?

Loss of proton

Cyclopropenyl anion

Cyclopropenyl cation
Characteristics of cyclopropenyl cation are as follows
(i) It is cyclic
(i) It is planar
(iti) It exhibits continuous delocalization. All the carbons of cyclic system are sp* hybridized,
and thus p orbitals are available for delocalization.

I—l+ H I
N A YA

Resonance stabilization of cyclopropenyl cation

(iv)  Obeys Huckel’s rule, as the number of delocalized 7 electrons is two.

Thus, cyclopropenyl cation is aromatic, as all the conditions are simultaneously satisfied.

Cyclopropenyl anion
Characteristics of cyclopropenyl anion are as follows
(i) It is cyclic
(i) It is planar
(iii) It exhibits continuous delocalization. All the carbons of cyclic system are sz hybridized,
and thus p orbitals are available for delocalization.

P
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Resonance stabilization of anion

Lone pair of clectron
participates in  deloca-
lization with & electrons
of the ring. The total
number of delocalized
- m clectrons is thus four.

(iv) Does not obey Huckel's rule, as the number of delocalized 7 electrons is four.

Thus, cyclopropenyl anion is not aromatic, as all the conditions are not simultaneously satisfied.

9A.5.2 Aromaticity and Four Membered Ring Systems

Cyclobutadiene

Characteristics of cyclobutadicne are as follows
(i) It is cyclic \ \

(i) It is planar

(iii) It exhibits continuous delocalization. All the carbons of cyclic system are sp? hybridized,
and thus p orbitals are available for delocalization.

(iv) Does not obey Huckel's rule, as the number of delocalized 7 electrons is four.

Thus, cyclobutadiene is not aromatic as all the conditions are not satisfied simultaneously. The
condition of Huckel’s rule is not followed.

9A.5.3 Aromaticity and Five Membered Ring Systems

Cyclopentadiene

Characteristics of cyclopentadiene are as follows
(i) It is cyclic
(if) It is planar
(iii) It does not exhibit continuous delocalization. one of the carbon in
cyclic system is sp? hybridized, and thus p orbital is not available
on that carbon for delocalization. '
(iv) Does not obey Huckel’s rule, as the number of delocalized 7 electrons 1s four.

)

sp-

Thus, cyclopentadiene is not aromatic as all the conditions are not simultaneously satisfied. The
conditions of continuous delocalization and that of Huckel’s rule is not followed.

\@ Cyclopentadienyl Ions

The sp> hybridized carbon in cyclopentadiene is not involved in delocalization.

Removal of a hydrogen (either as a proton (H") or as a hydride (H7)) from this
carbon results in the formation of an anion or a cation where all the carbons are spz

hybridized and thus, continuous delocalization of 7 electrons takes-place. -
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Cyclopentadienyl anion
Characteristics ol cyclopentadienyl anion are as follows
(1) Itas eyclic
() Toas planar
(i11) Tt exhibits continuous delocalization. All the carbons of cyclic system are sp* hybridized,
and thus p oorbitals are available for delocalization,

-—

1 I I Lone pair of

H
:) . clectrons participates
o in delocalization with
— Q = = relectrons of the ring.
) : g The total number of
~__/ -

i

delocalized melectrons
1s thus six.

Resonance stabilization of anion
(iv) Obeys Huckel's rule, as number of delocalized o electrons is six,

Thus, cyclopentadieny! cation is aromatic, as all the conditions are satisficd simultancously.

Cyclopentadienyl cation
Characteristics of cyclopentadienyl cation are as follows
() It is cyclic
(if) It is planar

(iii) It exhibits continuous
and thus p orbitals are available for delocalization.

delocalization. All the corbons of cyclic system are sp* hybridized

H H H

«—

+ et

Resonance stabilization of cation
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(V) Does not obey Huckel's rule, as number of delocalized 7 electrons is four

Thus, cyclopentadieny! cation is not aromatic, as all the conditions are not s
The condinon of Huckel's rule is not followed. ‘

a
™~
o Aromaticity in Ferrocene

atisfied simultancously.

Ferrocence is an organometallic compound with the Fe (1) —
sandwiched between two cyclopentadienyl anion rings. I i
i a stable molecule that undergoes typical aromatic IL(Il)
substitution reactions. The cyclopentadieny! anion is an

aromatic system and aromatic character of ferrocene is
attributed to the presence of two such cyclopentadienyl
rings.

9A.5.4 Aromaticity and Six Membered Ring Systems

Benzene
Characteristics of benzene are as follows @

(1) Itis cyclic
(i) It is planar
(i) It exhibits continuous delocalization. All the carbons of cyclic system are sp* hybridized,
and thus p orbitals are available for delocalization.
(iv) Obeys Huckel's rule, as the number of delocalized 7 clectrons is six.

O

Thus, benzene is aromatic as all the conditions are satisfied simultancously.

9A.5.5 Aromaticity and Seven Membered Ring Systems

Cycloheptatriene
Characteristics of cycloheptatriene are as follows
(i) Itis cyclic ‘
(1) It is planar H H
(i) It does not exhibit continuous delocalization.One of ic cybon .
in cyclic system is sp® hybridized, and thus p orbital is not )
available on that carbon for delocalization.
(1v) It obeys Huckel’s rule, as the number of delocalized 7 electrons
IS SIX. _
Thus, cycloheptatriene is not aromatic, as all the conditions are not satisfied simultancously. The

condition of continuous delocalization ts not followed.
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(g_) Cycloheptatrienyl Tons

5 e

The sp” hybridized carbon in cycloheptatriene is not involved in delocalization.

e Vi T droee v ) g
Removal of a hydrogen (cither as o proton (H") or as a hydride (7)) from this‘

carbon results in the formation of an anion or a cation, where all the carbons are spt

hybridized and thus, continuous delocalization of 7 electrons takes place

I

—NF

= ot —= 2
11 X A f\
H 11 Loss of hydride g . . \—/\

sp? S Cycloheptatrieny!

cation

H
He sp? —S2S

Loss of proton

W

Cycloheptatrienyl
anion

Cycloheptatrienyl cation (Tropylium ion)

Characteristics of cycloheptatricnyl cation are as follows
(1) It is cyclic
(i) It is planar
(iii) It exhibits continuous delocalization. All the carbons of cyclic sy\tum are sp* hybridized,

and thus p orbitals are available for defocalization.

’ » H H H | H

+
‘ D + , More structures | __
’ — — : (refer p. 121)

B \j | Tropylium ion

" Resonance stabilization of cation

(iv) Obeys Huckel’s rule, as the number of delocalized 7 electrons is six.

Thus, cycloheptatricnyl cation is aromatic, as all the conditions are satisfied simultancously.

i Cycloheptatrienyl anion

Characteristics of cycloheptatrienyl anion are as follows
(i) Itis cyclic
(i) It is planar
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9A.5.6  Aromaticity and Elght Memberad Ring Systems

Cyclooctaletracne

Charactertstion of eyclooctatetraene are s foll
i e 5%

(1)
(1)
(1)

(1v)

Thus, cyclooctatetracn
simultancously, The conditior
followed,

Ioas eyehe
I dn non-plinin
All the carbony 4 il
v sl ’
T “1 s’ hybridized and poorbitals are available for
) ation, e 1 AniE sl

i i o non-planar strueture overlap of all the p
orbitals does not ocenr,
Does not obey Huckel's rule, an the numbier of delocalized g electons
in eipght,
e in ot aromatie as all the conditions are not satisfied
1 of planarity and that of Huckel's rule is not

Cyclooctmo;mcnyl dianion

Characteri

(i)
(ii)
(i)
(iv)

Thus, cyclooctatetra
9A.5.7 Aromaticity and Annulenes

Monocyclic systems
ey the ring size. For

indicat

cyclooct
monocyclic systems

Hetrache

s of eyclooctatetracnyl dianion are as follows

It is cyclic

I is planar

It exhibits continuous delocalization.

Obeys Huckel's rule, as the number of deloc
enyl anion 15 aromatic, as all the conditions -are satisficd

with conjugated double bonds are ermed annulenes. B

example, ¢yclobutadiene i

is |8&Jannulenc. The term annulene %

(C o and more).

/Al T

alized 1oelectrons i 1en.

(4 Jannulene, benzene 15
used frequently for large ring 512¢

simultancously.

yracketting a number

(6Jannulene, and

1 N A

|
vVviLiid



278 Organic Chemistry

Similarly, in case of [14]annule
steric hindrance due 1o mner
shows arom

ne (snuclurc-lll) the |

ce . hydrogens and molecule. hy
aticity but is not very st

However aromaticity and stabilit
A driple bond in the system, :
the steric hindrance thereby, Providing sufficient overl
character in dehydro [Td]annulene (structure-1v, o/,
molecule). The two sets of p orbit

able.

/

m such molecyle can be
Phe introduction of triple

ap of orh

m als in triple bonds, are mutuall
18 1 the same plane as the P orbitals of the rng system particip

being in perpendicular plane does™ not participates in deloe

clectrons participating in delocalization in dehydroannulene (stru
P Sy Rwelicve a1 1 | 1 '

[14]annulene. Relieve am-inereases delocalization of

the system. Further
[structure-V] also exhibit more

N steric str
the aromatic character of as discussed e
aromatic character and are stable

Structure-II1 Structure-1v

= N

= H H AN

\ . /
Triple bond reduces the
The four inner hydrogens steric hindrance by
cause steric hindrance, replacing two hydrogens.
[14] annulene is aromatic Only one of the 7 bond
but is less stable. participates in delocalizg{ion
m 14 delocalized melectrons m 14 delocalized 7 electrons
' Aromalic = Increased aromaticity

9A.5.8 Aromaticity and Other Ring Systems

Fused ring system

. 2 T
In the following examples of fused ring systems all the carbons are sp* hybridized and 7 electrons

are delocalized among all the carbons of the rings.

l I ’

Naphthalene Anthracene
= Planar = Planar
= Obeys Huckel's rule + = QObeys Huckel’s rule
(10 melectrons) (14 melectrons)
Aromatic Aromatic

hydro means two h

arge ring size somewhat compensates the
as nearly planar structure. The molecule

increased effectively by introducing
bond replaces the hydrogens and prevents
This increases the aromatic
ydrogen less than the parent
Y perpendicular. One of them, which
ates in delocalization while the other
alization. Thus“the total” numiber of
cture-IV) remains the same as in
clectrons, which in turn increase
» the bridged [14]annulenes

itals.

irlier
systems.

Structure-V

H HE g

\

Bridging removes all the hydrogens
and relieves the molecule from steric
hindrance. This results in effective
delocalization and increases the
aromatic character.

m 14 delocalized melectrons
® Increased aromaticity

~

Phenanthrene
m Planar
= Obeys Huckel's rule
(14 melectrons)

Aromatic

s - TS T
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&7 Azulene
Azulene is o nonbenzenoid fuse] g system unlike

naphthalene, anthracene and

containing fused benzene rings
P aanthrend i ! ‘ ' fus cnzene rings). In
azulene a seven and five membered "IN systems are p

phenanthrene thay are henzenoid systems

fused together. Azulene is an

aromartic system and readily undergocs clectrophilic substitution reactions

= Cyclie, planay molecule
0 = Obeys Huckel's e as it containg
10 delocalized g clectrons,

iz * LExhibits Aromaticity Duc o this delocalization
azulene is shghtly dipolar

+
(\ (51 . _ The five membered rin g has
higher clectron den sity than
: seven membered ring, Thus,
b clectrophilic substitution

occurs in S-membered ring

Delocalization in azulene

Aromatic heterocyclic compounds

Pyrrole Furan Thiophene Pyridine |

as nitrogen, oxygen, and

All the above heterocyclic compounds are aromatic. The carbons as well
tal number of delocalized

sulfur are sp? hybridized which give a planar structure. In each case, the to hzed
7 electrons is six, that is, Huckel's rule is followed. In pyrrole, furan, and thiophene, a l‘or.mc pair of
electrons present in p orbital of nitrogen, oxygen, and s-ul'lur rcspccuvel_\_' participates in
delocalization with p orbital of sp~ hybridized carbons. In pync!me. the lonc.p.au‘ of electrons '::“
nitrogen does not participate in delocalization. (For further details on aromaticity, see Chapter _Q

on Heterocyclic Compounds).

@ Anti-aromatic and Non-aromatic Compounds

ibit aromati er may be classified as anti-
The compounds that do not exhibit aromatic character may be class

aromatic and non-aromatic.

Anti-aromatic:  The cyclic planar molecules with continuous delocalization but

nti-: atic: ‘ . o 3 :
having 4n number of delocalized 1 electrons are said to be anti-aromatic. For example,
¢

cyclobutadiene (number of delocalized 7 electrons = 4; see section 9A.5.2).
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