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Chapter-9
INNOVATIVE METHODS FOR THE PREDICTION OF AROMATIC, ANTI-AROMATIC

AND NON-AROMATIC BEHAVIOUR OF HETEROCYCLIC COMPOUNDS

Arijit Das
Department of Chemistry, Bir Bikram Memorial College, Agartala, Tripura, India
Email: arijitdas78chem@qgmail.com

In this chapter, formulae-based mnemonics have bégnighted by classifying the lone pair of elects
(localized or delocalized) in an innovative anddikconomic way. Here, | have tried to hub two (@@
economic mnemonics by including two (02) formulaethe prediction of aromatic and antiaromatic bédra
of heterocyclic compounds. This chapter includeswative formulae involving calculation of ‘A" vauby
just manipulating the no of bonds within the ring system and delocalized Ipa& electron (DLP) with one
(01). The heterocyclic compound having cyclic, plarconjugated with an even number of ‘A’ valuel wé
treated as aromatic in nature and with an odd numib@' value will be treated as an antiaromaticniature.
In case of a multi hetero atom based heterocydiopound, containing both delocalized lone pair tebec
(DLP) and localized lone pair electron (LLP) baketkeroatoms, Aromatic and Anti Aromatic behavioogd

be predicted with respect to DLP based hetero ataign But when heterocyclic compounds contain ldtR
based hetero atoms then Aromaticity should be predliwith respect to that heteroatom which contdies
lowest possible position number as per IUPAC norauae or any one of the heteroatom. The conveation
methods on the detection of planarity of organimpounds through the prediction of hybridizationtestaf
carbon atoms in simple organic compounds and tkkitive aromaticity are time consumirfgKeeping this
in mind, in this innovative pedagogical chaptersBme innovative mnemonics have been introduced by
classifying a lone pair of electrons as LLP and DaPng with their omission behaviors, applicatioasd
problems in different competitive examinations taka aromaticity of heterocyclic compounds, metaholi

time economic and interestihg
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METHODOLOGY
1.Prediction of the hybridization state of the heteroatom in different heterocyclic
compounds:

A) Classification of Lone Pair of Electrons in heterocyclic compounds

Lone Pair of electrons can be generally classifital two types as Delocalized lone pair electrobRp
and Localized lone pair electron (LLP) as follows:
i)Delocalized lone pair electron (DLP): When the lone pair of electron of heteroatom ugdetelocalization
through conjugation then it is to be treated asebahlized lone pair electron (DLP). The heteroat@iom
containing lone pair electron) which is directlyaghed with single bonds only from all ends is ¢oclnsidered as
DLP based heteroatom and its lone pair is to tsdceas (DLP).
Eg. In Pyrrole(Fig.2.18) the lone pair of N atom is to be treated as DLP bec#usalirectly attached with three
single bonds only.
ii)Localized lone pair electron (LLP): When the lone pair electron of the heteroatom emsindergo
delocalization through conjugation then it is to tbeated as Localized lone pair electron (LLP). The
heteroatom (atom containing lone pair electron)chhis directly attached with single and double xowith
the ring system is to be considered as LLP contgiai hetero atom and its lone pair is to be treated
localized lone pair electron (LLP).
Eg. In Pyridine(Fig.2.18),the lone pair of N atom is to be treated as LLPabse it is directly attached with

double and single bonds with the ring system.
B) Planarity of Heterocyclic Compounds

Planarity is one of the vital features for predintiaromatic, antiaromatic and nonaromatic behaafor
heterocyclic compounds or other organic compouRds.aromatic and antiaromatic behavior the compound
must be planar, whereas, the nonplanar compoungbigromatic in nature. Planarity of heterocyclic
compounds depends on the nature of the hybridizatiate of carbon and heteroatoms present in ier/\t
atoms (carbon and hetero) in the heterocyclic camgs having sphybridized then it is planar but when

there is a mixing of gpand sp hybridization state then it is treated as nonplana
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C) The conventional method for prediction of hybridization state of the heteroatom
in heterocyclic compounds:

Hybridization state for a molecule candalculated by the formula P = 1/2 (V+MA-C+A),

Where, V = Number of valance electrons indbetral atom, MA = Number of surrounding monovakgioms,
C = Cationic charge, A = Anionic charge, P = poakthe hybridization state of the central atom
D)Innovative method for predicting hybridization state of the heteroatom to forecast
planarity of different heterocyclic compounds:

Prediction of sp2and sp3 Hybridization state
Power on the Hybridization state of the heteroaton{PHys) = (Tsip) — 1

where, Ryy = Power on the Hybridization state of the heteyogtTs..p = (Total no ofc bonds around each
central atom + Localized lone pair electron), h&e; number ot bonds around each central atom, LLP =
Localized lone pair of electron. If the power oéthybridization state (i) will be 03, 02 and 01 then the
hybridization state will be Spsp?, and sp respectively. All single (-) bonds are ¢higond, in a double bond
(=), there is one and oner. In addition to these, each localized lone paicebn (LLP) can be treated as one
c bond”.

2. Identifying Aromatic and Anti-Aromatic behavior of organic compounds

It was first devised by Huckel in 1981

A) Conventional methods:

i) Aromatic nature of organic compound
1.Cyclic molecule,
2.Planer molecule in which all bonded atoms li¢him same plane (having?dpybridized)
3.Conjugated molecule with conjugateéelectron system,
4.Contains (4n + Z)electrons, where, n is a positive integer (n s3)3letc.)
ii) Anti Aromatic nature of organic Compound:
1. Cyclic molecule,
2. Planer molecule in which all bonded atoms lie ia $ame plane (having%pybridized)

3. A conjugated molecule with a conjugateélectron system,
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4. 4nm electrons, where, n is a positive integer (n s03letc.)
iii) Non-Aromatic Nature of Organic Compound:

If a compound violates any one of the abibwee conditions (1 or 2 or 3) then it is nonaatimin nature.

B) Innovative methods for Aromatic and Anti-Aromatic behavior of heterocyclic

compounds

The present study will be an innovative mnemonimiving calculation of ‘A’ value by just manipulag the
no ofx bonds within the ring system and delocalized Ipaie electron (DLP) with one (01)

The heterocyclic compound having cyclic, planamjagated (i.e. all the carbon atoms having the same
state of hybridization, $pwith an even number of ‘A’ value will be treatasl aromatic in nature and with an
odd number of ‘A’ value will be treated as an awotiaatic in nature.

i) Prediction of Aromatic behavior:

In the first case, the compound must be cyclichala(i.e. all the carbon atoms having same state of
hybridization) and conjugated with even number ov&ue, where [A =xb+DLP+1(constant)], heretb =
number ofr bonds within the ring system and DLP = Delocalimtk pair of electron (lone pair of electron of
heteroatom which can undergoes delocalization).

If the value of ‘A’, for a certain organic compouedmes out as an even number then this compouthdbevil
treated as aromatic compound.

ii) Prediction of Anti-aromatic behavior:

In the second case, the compound must be cyclanapl(i.e. all the carbon atoms having same sthte o
hybridization) and conjugated with odd number ofvalue, where [A =rb+DLP+1(constant)], heretb =
number ofr bonds within the ring system and DLP = Delocalifmtk pair of electron (lone pair of electron of
heteroatom which can undergoes delocalization).

If the value of ‘A’, for a certain organic compoundmes out as an odd number then this compoundreait as

an anti-aromatic compound.

iii) General Condition for Non-aromatic behavior of Organic Compounds:

Any compound that lacks one or more of the aboatufes i.e. it may be acyclic / non-planar /nonagated, is to

be treated as nonaromatic. But in this case, ‘Alezanay be even or odd number.



96

It is always to be noted that in case of same batems based heterocyclic compounds, containinig boP and
LLP same heteroatoms, Aromatic and Anti Aromatibawor should be predicted with respect to DLP Hase
hetero atom only. In case of a multi hetero atorsedaheterocyclic compound, containing both DLP BhB
heteroatoms, Aromatic and Anti Aromatic behavioowdt be predicted with respect to DLP based hestom
only. But when heterocyclic compounds contain bbtlP based hetero atoms then Aromaticity should be
predicted with respect to that heteroatom whichtaios the lowest possible position number as pd?AO

nomenclature or any one of the heteroatoms.

RESULTS AND DISCUSSION
1. Prediction of the hybridization state (sp? & sp3) of the heteroatom in heterocyclic

compounds can be well explained in the following way

Hybridization state of heteroatom in heterocyclienpounds can be calculated from the total number lménds
around heteroatom and number of localized lone gfagdectrons (..r) on the heteroatom and subtract one (01)
from this total value of Ji.p to get the hybridization state fsg sp®) of the heteroatom in the heterocyclic
compounds.

Adequate examples on prediction of the hybridizatsiate of hetero atom in heterocyclic compounds
containing one, two or more same or different nundfdnetero atoms from the corresponding.# value (total
number ofc bonds around the central atom + localized lone gfaglectrons on the central atom) of the central

atom have been exploredTable 2.3.

2. Innovative mnemonic for Aromatic and Anti-Aromatic behavior of heterocyclic

compounds

The present chapter will be an innovative mnemaniolving calculation of ‘A’ value by just maniptiag the
no ofz bonds within the ring system and delocalized loaie electron (DLP) with one (01)

The heterocyclic compound, having cyclic, plananjagated (i.e. all the carbon atoms having theessiate of
hybridization, sp), with an even number of ‘A’ value will be treatad aromatic in nature and with an odd
number of ‘A’ value will be treated as an antiartimi nature.

Hybridization states of different heterocyclic communds with the help of LLP have been presented in

Table 9.7a and their aromatic behaviors with the hig of DLP have been illustrated in Table 9.7b.
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Table-9.7a Hybridization state of Heteroatom in Heterocyclic Compounds with the help of LLP

Heterocyclic Compounds

(Planar/nonplanar)

Number ofo
bonds around the

Number of localized
Lone Pair of &

Total Number ob
bonds around the

Power on the
Hybridization state

(f hetero altom g (LLP) hetero atom of the heteroatom
rom single an Pus) = (T _1
double bonds) (Tsue) (Pryo) = ( SLLP).
(T9) (Corresponding
Hybridization state)
/ \ 03 0 03 02
. (the lone pair of (s#N)
N electron undergo
| delocalization, DLP
H with the ring system)
Pyrrole
(Planar
01
/ \ (out of two lone pairs
.. 02 of electrons, one 03 02
@) undergo
. delocalization, DLP (sp O)
Furan and other remain as
(Planar) LLP)
02 01 03 02
/ \ (out of two lone pairs (SPS)
.. of electrons of S one
S undergo
e delocalization, DLP
Thiophene and other remain as
(Planar) LLP)
02 01 03 02
(s? N)
Pyridine
(Planar
“ 03 0 03 02
spr N
H (s?* N)
Indole
(Planar
” 02 01 03 02
(s?* N)
Quinoline

(Planar
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5 4
02 01 03 02
6 N3 (P N)
7 9 VAR
8 ~ 1 2
Isoquinoline
(Planar
3 4
N 03 0 03 02
I Ve (N1) (N1) SFND)
2 \N 02 01
03 02
N3 N3
‘ 1 (N3) (N3) (s N3)
H
Imidazole
(Planar
4 3 02 01 03 02
5/ “N: (N1) (N1) (s N1)
6 ) 2 02 01 03 02
N (N3) (N3) (sP? N3)
1
Pyrimidine
(Planar
02 01 03 02
(N1) (N1) (sp N1)
02 01
03 02
(N3) (N3) (sP N3)
02 01 03 02
(N7) (N7) (sp? N7)
Purine
(Planar) 03 0 03 02
(N9) (N9) (s N9)
—N: 02 01 03 02
W ) ) (S N)
S
02 01
Thiazole 03 02
(Planar) ) (S) (spS)

(out of two lone pairs
of electrons on S, one
undergo
delocalization, DLP
and other remain as

LLP)
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N 02 01 03 02
. 02 01 03 02
S (S) (S)
T (out of two lone pairs (sp S)
Benzothiazole of electrons on S, one
(Planar) undergo
delocalization, DLP
and other remain as
LLP)
4
.o 02 01 03 02
N (N1) (N1)
‘ \3 (s N1)
02 01
6\ /2 (N1) (N1) 03 02
N (sp? N4)
1
Pyrazine
(p-diazine)
(Planar
N
N 02 01 03 02
‘ (N1, N3, and N5) (N1, N3, and N5) (s% N1, N3, N5)
‘N N: T
\/
Cyanidine
(Planar
H
N
.o 03 0 03 02
(N) (N) SEN)
.- 02 01 03 02
S (S) (S) (sp?S)
Phenothiazine (out of two LP of S,
Planar) one un_dergo
( delocalization(DLP),
and others remain ag
LLP)
N
N 02 01 03 02
(both N) (both N) (st both N)
Vi
Phenazine

(Planar
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N
e
| N 02 01 03 02
. (N1,N2,N3,N4) (N1,N2,N3,N4) (s All N)
N
1,2,3,4-te:t-razine
(Planar
.'N p—
| | 02 01 03 02
— (s? N)
Azocine
(Plana)
|
N: 02 01 03 02
Azetine (sp N)
(Plarar)
H
N
Aziridine (s’ N)
(nor-planar
et 02 02 04 03
xetan
sp’O
(non-planar) (5°0)
Table 9.7b Aromaticity of Heterocyclic Compounds with the help of DLP
nb value Re(;?]ark
. [7b =number A value
(gy%ﬁéop?gﬁgf %%?j%%l;?g d) of = bonds DLP [A =zb + DLP + 1(constant) of é\(l)?;lggun d
' ' within the (even No /odd No) A /ANt
fing system] ( romatic/Anti
Aromatic’
|\|l 2 ! 2 (:,vle: ;:)4 Aromatic
H
Pyrrole
1
/ \ ( Here out of two
.. 5 lone pairs on O 2+1+1=4 Aromatic
O only one LP take (even No)
o part in
Furan delccalization
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1
/ \ (Here out of two
> lone pairs on O 2+1+1=4 Aromatic
oo only one LP take (even No)
§ part in
Thiophen delocalization)
3 0 3+0+1=4 Aromatic
(even No)
Pyridine
“ 4 1 4+1+1=6 Aromatic
(even No)
H
Indole
5 0 5+0+1=6 Aromatic
\ (even No)
Quinoline
5 4
6 N 3
5+0+1=6 i
. A N 05 0 (even No) Aromatic
8 2
1
Isoquinoline
3 4
.N \
I Vs
2\N 02 01 2+1+1=4 Aromatic
‘ 1 (N1) (even No)
H
Imidazole
2 3
5 7 ON:
6N\ ) 2 0 3+0+1=4 .
N 03 (N1) (even No) Aromatic
1
Pyrimidine

(m-diazine)
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4+1+1=6

04 01 (even No) Aromatic
(N9)
Purine
WA
.S 2+1+1=4 X
s 02 (Osl) (even No) Aromatic
Thiazole
N
\ 4+1+1=6 .
C<> 04 (Osl) (even No) Aromatic
S
Benzothiazole
4
N
‘ N3
3+0+1=4 .
6 N/ 2 03 0 (even No) Aromatic
1

Pyrazine

(p-diazine)

()

‘ 3+0+1=4 X
:N\/\[: 03 0 (even No) Aromatic
Cyanidine

N
N
07 0 7+0+1=8 Aromatic
7 (even No)

Phenazine
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NN
‘ ‘ 03 0 3+0+1=4 Aromatic
/N: (even No)
N
1,2,3,4-te't'razine
| 4+0+1=5 _ .
i 04 0 (odd No) Anti aromatic
Azocine
‘ H. 2+0+1=3 : -
N 02 0 (odd No) Anti aromatic
Azetine
nb value
[7b =number A value Remark
Hetero Cyclic Compound of = bonds _ on
(Cyclic, non-planar) within the DLP [A = =b + DLP + 1(constant) Nature

ring system]

(even No/odd No)

of compound

e

Non-Aromatic
(nonplanar — sp

Aziridine
‘ P ) ] ) Non-Aromatic
- (nonplanar — sp
Oxetan

Ex.a. Pyridine is cyclic, planar and conjugated hetericygompoundIn Pyridine(Fig.2.18) lone pair of ‘N’

atom is to be treated as localized lone pair oftede (LLP), because, it is directly attached wdttuble and

single bonds with the ring system, hence, it issagred for calculating the power of the hybridizatstate,

(Payn) = (Tswp) — 1, to predict the hybridization state of hetgoon ‘N’ in pyridine. This LLP is not to be

under consideration for the prediction of ‘A’ valj& = nb+DLP+1(constant)], in aromaticity, of the

heterocyclic compound. Here, in pyridine, around tNere are twa bonds and one LLP (localized lone pair

electrons). Hence, power of the hybridization stdt&N’ in pyridine, (Riyb) = (Tsup) — 1 = (2+1)-1 =2 (sp

N). All rest five carbon atoms are in same hybadian state sh hence, pyridine is planar. Here, A =

nb+DLP+1(constant) = 3 + 0 + 1 (constant) = 4 (emeh, hence, pyridine is aromatic in nature. Hete =
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number ofr bonds, within the ring system and DLP = Delocalilene pair electron (a lone pair of electron of

heteroatom which is directly attached with singb@dbs only from all ends with the ring system).
Ex.b. Pyrrole is cyclic, planar and conjugated heteracymbmpoundIn Pyrrole(Fig.2.18) the lone pair of
N atom is to be treated as DLP, because, it ixtijrattached with three single bonds only. Hentés
considered for calculating of ‘A’ value [A sb+DLP+1(constant)], in aromaticity of heterocyatiempound
and is not to be under consideration for calcugptire power of the hybridization statep@ = (TsLe) — 1,
to predict the hybridization state of heteroatomifNpyrrole. Here, in pyrrole, around ‘N’, thereeathrees
bonds and zero LLP (localized lone pair electrollgnce, power of the hybridization state of ‘Npyrrole,
(Payn) = (Tsup) — 1 = (3+0)-1 = 2 (spN). All rest four carbon atoms are in same hylzadion state sp
hence, pyrrole is planar. Here, Atb+DLP+1(constant) = 2 + 1 + 1 (constant) = 4 (ene}y hence, pyrrole
is aromatic in nature. Hergb = number oft bonds, within the ring system and DLP = Delocalifane pair
electron (lone pair electron of heteroatom whictiiectly attached with single bonds only fromexilds with

the ring system).

H L X (1]

Pyrrole Pyridine Quinoline
Fig. 2.18: Structure of pyrrole, pyridine, and quinoline

Ex.c. Quinoline is cyclic, planar and conjugated heteoticycompound. Imquinoline(Fig.2.18) lone pair of
‘N’ atom is to be treated as localized lone paielsctron (LLP), because, it is directly attachathwlouble
and single bonds with the ring system, hence, d¢bissidered for calculating the power of the hyiaation
state, (Ryb) = (Tswe) — 1, to predict the hybridization state of he&tomn ‘N’ in quinoline. This LLP is not to
be under consideration for the prediction of ‘A'lv& [A = nb+DLP+1(constant)], in aromaticity, of the
heterocyclic compound. Here, in quinoline, arouNd there are twe bonds and one LLP (localized lone
pair electrons). Hence, power of the hybridizastate of ‘N’ in quinoline, (R) = (Tswp) — 1 = (2+1)-1 =2
(sp*-N). All rest carbon atoms are in same hybridizatgtate sf hence, quinoline is planar. Here, A =

nb+DLP+1(constant) =5 + 0 + 1 (constant) = 6 (emejy hence, quinoline is aromatic in nature. Hebes
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number ofr bonds, within the ring system and DLP = Delocalilene pair electron (the lone pair of electron
of heteroatom which is directly attached with sengbnds only from all ends with the ring system).

Ex.d. Aziridine (Fig.2.19) is cyclic, nonplanar, nonconjugated heterocyclic coomab Here, ‘N’ atom is
surrounded by three bonds and one LLP (localized lone pair electroki®nce, power of the hybridization

state of ‘N' in aziridine, (Br) = (Tsip) — 1 = (3+1)-1 = 3 (SpN). Hence, it is nonplanar and non-aromatic.

H .

N H
N
Aziridine Oxetan

Fig.2.19: Structure of aziridine and oxetan
Ex.e. Oxetan (Fig.2.19) is cyclic, nonplanar, nonconjugated heterocyclic coomub Here, ‘O’ atom is
surrounded by twe bonds and two LLP (localized lone pair of electoridence, power of the hybridization
state of ‘O’ in oxetan, (By) = (Ts.p) — 1 = (2+2)-1 = 3 (spO). Hence, it is nonplanar and non-aromatic.

OMISSION BEHAVIOR OF HETEROCYCLIC COMPOUNDS WITH RESPECT TO

AROMATIC, ANTI-AROMATIC AND NON-AROMATIC BEHAVIOUR

i) Heterocyclic compound, containing both DLP and LLP heteroatoms:

In case of a multi hetero atom based heterocydimpound, containing both DLP and LLP heteroatoms,
Aromatic and Anti Aromatic behavior should be poteld with respect to DLP based hetero atom only.

Ex.a. BenzothiazolgFig. 9.28) is a multi hetero atom based heterocyclic comgdogontaining both DLP and
LLP hetero atoms. Here, for N, DLP =0, LLP = 1 &odS, DLP = 1, LLP =1, so, in this case ‘A’ valskould

be calculated with respect to S only not N. Here;, A+ 1 + 1 = 6 (even no) = Aromatic.

oo 4
N ? 5" N?
\ 5\ )2

. | 1 \
Benzothiazole Imidazole ) 1_ .
Pyrimidine

Fig. 9.28. Structure of Benzothiazole, Imidazole,ra Pyrimidine

But when heterocyclic compounds contain both LLBelahetero atoms then Aromaticity should be predict

with respect to that heteroatom which containsldiaest possible position number as per IUPAC noratne
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or any one of the heteroatofx.b. Imidazole(Fig. 9.28)is a multi hetero atom based heterocyclic compaand
which, N1 is DLP based heteroatom and N3 is LLPebalseteroatom. In this case, Aromaticity should be
predicted with respect to the DLP based hetero aidmFor N1, A =grb+DLP+1(constant) = 2+1+1 = 4 (even
No) = Aromatic.Ex.c. Pyrimidine(Fig. 9.28)is a multi hetero atom based heterocyclic compannehich, both

N1 & N3 are in the same environment based hetemmat@LP based heteroatoms). In this case, Arontatici
should be predicted with respect to N1 (lowest jpdsgposition number as per IUPAC nomenclature). ¥b, A

= nb+DLP+1(constant) = 3+0+1 = 4 (even no) — Aromatic.

ii)Heterocyclic compounds containing different DLP based heteroatoms (one contains vacant d
orbitals):

Ex.d. Phenothiazin€Fig. 9.29) there are two DLP based hetero atoms N and Betiween N and S, since S
having vacant d orbitals, so, in this case, ‘Auealill be predicted with respect to DLP based ®itmatom

which contains vacant d orbitals only. Here, Ab=+ DLP + 1(constant) = 6 +1+1 = 8 (even no) = Aabit

G0

Phenothiazine dibenzo-1,4-dioxin

1,2-dithiin 1,4tdin
Fig.9.29. Structure of phenothiazine, 1,2-dioxinl,4-dioxin, dibenzo-1.4-dioxin

and 1,2-dithiin and 1,4-dithiin

iii) Heterocyclic compounds containing same DLP based heteroatom having no d orbitals:

Omission behavior of some heterocyclic compounah s 1,2-dioxin, 1,4-dioxin, and dibenzo-1.4-dioxi
(Fig. 9.29),will be observedvhen there, is at least two heteroatoms (sameffareiit) but both the hetero
atoms do not have any d orbitals (such as O atd.}lzey are in a DLP based environment in the siygjem.
These molecules have been studied with advanceccoial orbital techniques known as ‘ab initio
calculations’. ‘Ab initio quantum chemistry methbdse computational chemistry methods based ontgoan

chemistry.

8.Levine, Ira N‘Quantum Chemistry"Englewood Cliffs, New Jersey: Prentice Hall. (1991): 455-544
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In the case of 1,2-dioxin, 1,4-dioxin and dibenzé-dioxin (Fig. 9.29),there is DLP based O atoms in all the
molecules but still, they will be nonaromatic dwethe prevention of significant free electron delamation
(makes nonconjugated). Theslectrons from the carbon bonds and the loneglaatrons on the oxygen atoms
do not overlap to a significant degree due to theeace of vacant d orbitals in both O atoms in ease (p-

dn overlap is not possible here in conjugation). bkes these molecules nonconjugated and thus atloavs
molecules to become nonaromatic instead of arorf@ati@lue = even No).

In the heterocyclic compounds, where, there isDA® based N atoms instead of two DLP based O atoms
there is one DLP N atom along with one DLP O attm, same phenomena of nonaromatic behavior will be
observed. Because, both N and O atoms do not haweracant d orbitals, and hence-gr overlap is not
possible here in conjugation.

iv)Heterocyclic compounds containing same DLP based heteroatoms having vacant d orbitals:
1,4-dithiin and 1,2-dithiin heterocyclic compoun(i§g. 9.29) are antiaromatic, here both S atoms, having
vacant d orbitals, contain one DLP and one LLP hece both DLP of both S atoms participate in the
delocalization. Hence, for the prediction of ‘A'lwe, consider both DLP (DLP = 2). Here, Atb + DLP + 1
(Constant) =2 + 2 + 1 =5 (odd No) = Anti Aromatic

APPLICATIONS OF AROMATICITY IN ORGANIC CHEMICAL EDUCATION

Aromaticity has various applications as follows:

i) Predict the basic character of heterocyclic compounds:

The delocalized lone pair of electrons (DLP) on tlittogen atom of heterocyclic compounds in Arowigti
decreases basic nature of heterocyclic compounkisteas, localized lone pair electrons (LLP) onrihegen
atom of heterocyclic compounds increases basiacterof heterocyclic compounds as follows:

Ex.a.. In between pyridine (LLP = 01, DLP = 0) and pyer¢DLP = 01, LLP = 0), pyridine is much more basic
than pyrrole. Because, thene pair of N in pyrrole is in delocalized (DLR¥ough resonance, so, this lone pair
can't be donated for protonation, whereas, the fieof N in pyridine is localized (LLP) and heneady for
donation. Hence, pyridine is more basic than pgtrBk.b.: In between pyridine (LLP = 01, DLP = 0) and
indole (DLP = 01, LLP = 0), pyridine is more basi@n indole. Becaus¢he lone pair of N in indole is in
delocalized (DLP) through resonance, so, this maie can't be donated or protonated, whereasptie pair of

N in pyridine is localized (LLP) and hence readydonation. Hence, pyridine is more basic than iedo
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Ex.c.: In between furafLLP = 01, DLP = 01)nd pyrrolgDLP =1, LLP = 0) furan is much more basic due to
presence of higher electronegative oxygen atom.(E.R.5) than nitrogen (E.N. = 3.0), which decreate
delocalization tendency of lone pair of electroas fesonance and thus increases the electron ylarsithe
heteroatom oxygen in furan.
ii) Predict Stability and reactivity of different heterocyclic compounds with the help of Aromaticity:

By predicting the nature of heterocyclic compound tbe basis of aromatic, antiaromatic or non-aramat
nature, different kind of problems, regarding dibband reactivity can easily be solved. Orderstdbility is
aromatic > nonaromatic> antiaromatic and ordereattivity is Anti-aromatic > nonaromatic> aromasajce,
stability is inversely proportional to reactivity.

PROBLEMS ON AROMATICITY

Q.1. Which one of the following chemical systens nonaromatic?  (Karnataka NEET 2013)
a)Benzene b)Naphthalene higFhene d)Cyclopentadiene
Ans: (d) Cyclopentadiene ¢dpybridized C atom makes it nonplanar, hence, momatic)

Q.2. The nonaromatic compound among thelfowing is? (AIEEE 20)1
a) Cyclopentadiene b) Thiepd c) Naphthalene d) None

Ans: (a) Cyclopentadiene {spybridized C atom makes it nonplanar, hence, momatic)

Q.3. The correct statement about following spéss is (NET 2018

® P

A B

a) Both A and B are aromatic b) A is aromatic 8nid antiaromatic c) A nonaromatic and B isi@amatic
d) A is aromatic and B is homoaromatic
Ans: b) A is aromatic and B is antiaromatic [foesfgs A, DNC = 0, ‘A’ value = 3+0+1 = 4 (even numbe

aromatic) & for species B, LLP =1, DLP =1, ‘A’ wad = 3+1+1 = 5 (odd number - antiaromatic)]

Q.4. Among the carbocations given below (NE2D11)
H
® @
0 A
B c
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a)A is homoaromatic, B is antiaromatic and C isnzaic b)A is aromatic, B is antiaromatic and C is
homoaromatic Cc)A is antiaromatic, B is aromatid & is homoaromatic d)A is homoaromatic, B is atim
and C is antiaromatic

Ans: a)A is homoaromatic, B is antiaromatic andsCaiomatic [sp hybridized carbon atom in A makes it
homoaromatic, for B, ‘A’ value = 2+0+1 = 3 (odd nlbien - antiaromatic) & for species C, ‘A’ value =+ =
2 (even number - aromatic)]

Q.5. Which one of the following pairs is moréasic?

i) Pyridine and Pyrrole i) Pgine and Indole iii) Furan and Pyrro
Ans: i) pyridine > pyrrole i) pyline > indole iii) Furan > Pyrrole
Conclusion

It may be expected that these time economic inmayatinemonics will help the student of chemical tion
from Undergraduate to Post-Graduate level to ptddibridization state of the heteroatom, and idimatiion of
aromatic and antiaromatic behavior of heterocyotimpounds with respect to the classification adreelpair of
electrons present in the heteroatom of heterocydimpounds. Experiments) vitro, on 100 students, showed

that by using these formulae students can save BlD minutes' time in the examination hall.
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