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Chapter-8
INNOVATIVE METHODS FOR THE PREDICTION OF AROMATIC, ANTI AROMATIC

AND NON-AROMATIC BEHAVIOUR OF SIMPLE ORGANIC COMPOUNDS

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

In this organic chapter 8, formulae-based mnemdmie® been highlighted by classifying the negativarge

on carbon atom (localized or delocalized) withie ting system in an innovative and time economig.wa
Here, | have tried to hub two (02) time economicemonics by including two (02) formulae for the
prediction of aromatic and antiaromatic behavior sifiple organic compounds. This chapter includes
innovative formulae involving calculation of ‘A’ Wge by just manipulating the no afbonds within the ring
system and delocalized negative charge of carbanyif(DNC) with one (01). The organic compound hgvi
cyclic, planar, conjugated with an even number Aff value will be treated as aromatic and with amd od
number of ‘A’ value will be treated as an anti aabicin nature. This chapter encourages studensslice
multiple choice type questions (MCQs) on aromatiaf organic compounds and its related properttes a
different competitive examinations in a time ecoioground.

The conventional methods, on the detection of plgnaf organic compounds by the prediction of
hybridization state of carbon atoms in simple oigazompounds and their relative aromaticity, araeti
consuming®”’. Keeping this in mind, in this innovative pedagmjichapter 8, some innovative mnemonics
have been introduced along with their omission bighg, applications, and problems in the different

competitive examinations to make aromaticity meliabtime economic and interestifg™
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METHODOLOGY

1. Prediction of hybridization state of carbon atoms in different organic compounds:
A. Classification of Negative Charge on carbon in organic compounds

The negative charge on the carbon atom of any argampounds can be generally classified into tyyes as
delocalized negative charge (DNC) and localizechtieg charge (LNC) as follows:

i)Delocalized negative charge (DNC): When the negative charge on the carbon atom ofitigesystem of
organic compounds undergo delocalization throughugmtion then, it is treated as delocalized negatharge
(DNC). Negative charge bearing carbon atom of ithg system of the organic compound, when, directly
attached with single bonds only from all ends wathing system, then it is considered as DNC coirtgin
carbon atom and its negative charge is to be tlestalelocalized negative charge (DNC).

Eg. In cyclopropenyl anions, cyclopentadienyl aniond aycloheptatrienyl anionsfig. 2.14, Fig. 2.15, Fig.
2.16),the negative charge on C atom is to be treatedNsS, Decause it is directly attached with singled®n

directly from all side of the ring system.

H W H H
>_<S|o3 é+sp2 é"sp2
(Cyclopropene) (Cyclopropenyl cajiofCyclopropenyl anion)

Fig. 2.14: Structure of Cyclopropes Cyclopropenylcation, and Cyclopropenyl anion

H H H H

st <sp” sp

(Cyclopentadienyl anion)  (Cyclopentadienyl cation)  (Cyclopentadiene)

Fig. 2.15: Structure of Cyclopentadig/l anion, Cyclopentadienylcation, and Cyclopentadiene
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(Cycloheptatrienyl anion) (Cycloheptatrienyl cation) (Cycloheptatriene)

Fig. 2.16: Structure of Cycloheptatanyl anion, Cycloheptatrienyl cation, and Cycloheptatriene
ii)Localized negative charge (LNC): When the negative charge on the carbon atom ofitigesystem of
organic compounds does not undergo delocalizatiomugh conjugation then it is to be treated as liped
negative charge (LNC). Negative charge bearingaradiom of the ring system of the organic compowhén
directly attached with single and double bonds wth ring system is to be considered as LNC coimgin
carbon atom and its negative charge is to be tlesgdocalized negative charge (LNC).

Ex. In phenyl carbanigmegative charge on carbon atom is treated as LE€3use it is directly attached

with one double bond to other carbon atom withepghenyl ring.

B) Planarity of organic compounds

Planarity is one of the vital characteristics foe prediction of aromatic, antiaromatic and nonaticrbehavior

of organic compounds. For aromatic and antiarombébavior, the compound must be planar, whereas,
nonplanar organic compounds are to be treatedresoimatic in nature.

Planarity of organic compounds depends on the eatithe hybridization state of carbon atoms presethem.
When all carbon atoms of organic compounds areames(sp) hybridization state, then, they are treated as
planar but when there is a mixing of?spnd sp hybridization state within the carbon atoms of amig
compounds, then, they are to be treated as nonplRrediction of hybridization state of organic quunds

discussed ihapter 2 and its comparative study with conventional foralbids been discussedcimapter 3.
2. Conventional methods for Identifying Aromatic and Anti-Aromatic behavior of
organic compounds:

It was first devised by Huckel in 1931
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i) Aromatic nature of organic compound

a.Cyclic b. Planer, where, all bonded atoms ar¢hén same plane (having %shybridized)c. A conjugated
molecule with conjugated-electron system d. Contains (4n +®Rglectrons, where, n is a positive integer
(n=0,1,2,3 etc.)

ii) Anti Aromatic nature of organic Compound:

a.Cyclic b. Planer, where, all bonded atoms ar¢hén same plane (having %shybridized)c. A conjugated
molecule with conjugatettelectron system d. Contains@electrons, where, n is a positive integer (n s2)3L

etc.).
iii) Non-Aromatic Nature of organic Compound:
If a compound violates any one of the above thoeelitions (a or b or c) then it is nonaromatic ature.

3. Innovative methods for Aromatic and Anti-Aromatic behavior of simple organic

compounds

The present innovative mnemonics involving two fatae for calculation of ‘A’ value by just manipuilag the
number ofz bonds within the ring system and delocalized riegatharge of carbon atoms (DNC) as the
number of electron pair () within the ring system with constant one (01).
Organic compounds, having cyclic, planar (i.etladl carbon atoms having the same state of hybtidizas|3),
conjugated with an even number of ‘A’ value will toeated as aromatic in nature and with an odd murob
‘A’ value will be treated as an anti aromatic inune.
i) Prediction of Aromatic behavior:

The organic compound must be cyclic, planar (illeha carbon atoms having same state of hybridinat
and conjugated with even number of A value, whare,nb + ep (DNC) + 1 (constant), hereb = number of
n bonds within the ring system andpe(DNC) = number of electron pair within the ringseem (delocalized
negative charge on carbon atoms of ring systenme,Hmch delocalized negative charge (DNC), treaseone
electron pair (g). If the value of ‘A’ for a certain organic commd comes out as an even number then this
compound will be treated as aromatic compound.

ii) Prediction of Anti-aromatic behavior:
In the second case, the organic compound, musydie,cplanar (i.e. all the carbon atoms having eam

state of hybridization) and conjugated with odd bemof A value, where, A =b + ep (DNC) + 1 (constant),
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here,mb = number oft bonds within the ring system anthgDNC) = number of electron pair within the ring
system (delocalized negative charge on carbon atdmisg system). Here, each delocalized negatherge
(DNCQC), treated as one electron pairpe If the value of ‘A’, for a certain organic comynd comes out as an
odd number then this compound will be treated disimmatic.
iii) General Condition for Non-aromatic behavior of Organic Compounds:
Any compound that lacks one or more of the firs¢éhfeatures (cyclic/conjugated/planar), thattisyay be
acyclic/non-planar/nonconjugated, is to be treatedonaromatic.
Innovative Formula: Evaluation of A Value to predict Aromatic and Anti Aromatic Nature
Amb + ep (DNC) + 1(constant) = even no = Aromatic
Amb + ep (DNC) + 1 (constant) = odd no = Anti Aromatic
where,mb = number oft bonds within the ring systent,(DNC) = number of electron pair within the ring
system (delocalized negative charge on carbon atdmisg system). Here, each delocalized negatisrge

(DNCQC), treated as one electron paimp(e

RESULTS AND DISCUSSION
1. Innovative method for prediction of the hybridization state (sp2 & sp3) of carbon

atoms in organic compounds

Prediction of the hybridization state fs% sp® of carbon atoms in organic compounds has lmkscussed in

chapter 2.

2. Innovative methods for prediction of Aromatic and Anti-Aromatic behavior of

simple organic compounds

Innovative Formula: Evaluation of A Value to predict Aromatic and Anti Aromatic Nature

Arb + € p (DNC) + 1(constant) = even no = Aromatic

Arb + e p (DNC) + 1 (constant) = odd no = Anti Aromatic
where,nb = number oft bonds with in the ring system; g (DNC) = number of electron pair within the ring
system (delocalized negative charge on carbon atdmimg system). Here, each delocalized negathvarge
(DNCQC), treated as one electron paimp(e
Any compound that lacks one or more of the firste¢hfeatures i.e., it may be acyclic/non-planar/non

conjugated is to be treated as honaromatic.
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Ex.a. In cyclopropene, cyclopentadiene, and cycloheptagriFig.2.14, Fig.2.15, Fig.2.16)the vertex carbon
atom is in sp hybridization state (discussed in chapter 3). Herall cases, the presence of oné lsybridized
vertex carbon atom along with other?spybridized carbons makes cyclopropene, cyclopésnagd and
cycloheptatriene nonplanar and thus nonaromatic.

Ex.b. In cyclopropenyl anion, cyclopentadienyl anion aydloheptatrienyl anionFig. 2.14, Fig. 2.15, Fig.
2.16),vertex carbon atom bearing negative charge is4mgpridization state (discussed in chapter 3). Hiere
all cases, negative charge of vertex carbon atotre@éed as delocalized negative charge (DNC) amdbe
counted during prediction of A value and not todoeinted for the prediction of the hybridizationtstarhe
presence of all gthybridized carbons in cyclopropenyl anions, cyeluadienyl anions and cycloheptatrienyl
anions makes them planar. Here, A value for cyodpenyl anion =tb + ep (DNC) + 1(constant) = 1+1+1 =
3 (odd no) = Anti Aromatic; A value for cyclopadienyl anion =tb + ep (DNC) + 1(constant) = 2+1+1 =4
(even no) = Aromatic and A value for cycloheptatyl anion =zb + ep (DNC) + 1(constant) = 3+1+1 =5
(odd no) = Anti Aromatic.

Ex.c. In cyclopropenyl cation, cyclopentadienyl catiordaycloheptatrienyl catiorF{g. 2.14, Fig. 2.15, Fig.
2.16), vertex carbon atom bearing positive charge is mhsppridization state (discussed in chapter 3). The
presence of all gcybridized carbons in cyclopropenyl cations, cpelotadienyl cations and cycloheptatrienyl
cations makes them planar. Here, A value for gydpenyl cation =b + e p (DNC) + 1(constant) = 1+0+1 =
2 (even no) = Aromatic; A value for cyclopentadikecation =zb + ep (DNC) + 1(constant) = 2+0+1 = 3
(odd no) = Anti Aromatic and A value for cycloliapienyl cation =tb + ep (DNC) + 1(constant) = 3+0+1
=4 (even no) = Aromatic.

In cyclobutadiene and cyclooctatetraeigég( 2.17), all carbon atoms are in Sfybridized (discussed in
chapter 3), which makes them planar. Here, A vétuecyclobutadiene =b + e p (DNC) + 1(constant) =
2+0+1 = 3 (odd no) = Anti Aromatic and A value foyclooctatetraene b + e p (DNC) + 1(constant) =
4+0+1 =5 (odd no) = Anti Aromatic.

S | |SIOZ
sp sz

(Cyclobutadiene)

(Cyclooctatetraene)

Fig. 2.1Structure of Cyclobutadiene and Cyclooctatetraene
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Adequate examples of aromatic, anti-aromatic angdaromatic behavior of simple organic compouhdse

been described ihable 8.6

Table 8.6: Aromatic, anti-aromatic and non-aromatic behavior of organic compounds

nb value Nature
[zb =number ep value A value of compound
Organic Compound of = bonds [ ep = number of delocalized| [A==nb+ep+ ( aromatr;c/anti-
(Cyclic, Planar/Cyclic, non-planar)  within the electron pair outside or adjacent 1(constant)] aromatic/non
ring system] to the ring system] (even no/odd no .
aromatic)
Benzene.or [6] annulene 31 bonds 0 3+0+1 =4 Aromatic
(Cyclic, Panar (even na
Naphthalene 5r bonds 0 5+0+1=6 Aromatic
(Cyclic, Planar (even na
Ant.hracene 7w bonds 0 /+0+1=8 Aromatic
(Cyclic, Planar (even na
Cyclopropene 1+0+1=2
(Cyclic, non planar due to one®sp| 1 x bond 0 (even no_) Non-aromatic
hybridizec carbon aton
Cyclopropenyl cation 1+0+1=2 Aromatic
. 1= bond 0
(Cyclic, Planar) (even no)
1
Cyclopropenyl anion (For one negative chargeon| 1+1+1=3 . .
(Cyclic, Planar) 1= bond carbon which undergoes (odd no) Anti-aromatic
delocalization)
Cyclobutadiene or _
[4] annulene 2 bonds 0 2 Zo?jc;nlo)_ 3 Anti aromatic
(Cyclic, Planar
Cyclopentadiene 24+0+1=3
(Cyclic, non planar due to one’sp| 2 r bonds 0 (odd no)_ Non-aromatic
hybridised carbon atom)
Cyclopentadienyl cation 2 bonds 0 ? 4(-oglcj-nlo): ’ Anti-aromatic
(Cyclic, Planar) T
. . 01(For one negative charge on _
Cyclopentadlenyl anion 2 bonds carbon which undergo 2+l+l=4 Aromatic
(Cyclic, Planar) S (even no)
delocdization)
Cyclooctatetraene or _ Anti-aromatic
[8] annulene 4 7 bonds 0 4 -(Fo(c)igr}o)_ 5
(Cyclic, Planar)
Cyclooctatrienyl cation
Cyclic, non-planar due to one’s 3+0+1=4 Non aromatic
(Cy P P 37 bonds 0
hybridized carbon atom adjacent 1 T (even no)

positive chrge’
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OMISSION BEHAVIOR OF AROMATIC AND NON-AROMATIC ORGANIC

COMPOUNDS:

There are some compounds, which do not follow thava rules of A value. Huckel’'s also cannot explhie
aromatic or non-aromatic behavior of these compsumtese compounds have been represented below.
Cyclodecapentaen(&ig.8.25) is non aromatic due to the interaction of therbgen of 1 and 6, it is non planar,
although, here, A =b + ep (DNC) + 1(constant) =5 + 0 + 1 = 6 (even number)

Pyrene(Fig.8.25) is a polycyclic aromatic hydrocarbon consistirfgfaur fused benzene rings, resulting in a
flat aromatic system. It hasm8bonds and zero (0) DNC. Here, A = 8 + 0 + 1 = &d(aumber). But still, it is

aromatic instead of antiaromatic because doubledniiis-Cis does not take part in resonance.

6

Cyclodecafaame yréhe

Fig. 8.25. Geometry of Cyclodecapentaene and Pyrene

APPLICATIONS OF AROMATICITY IN ORGANIC CHEMICAL EDUCATION

Aromaticity has various applications as follows:

i) Predicting stability and reactivity order of organic compounds with aromaticity

Stability of organic compounds follows the orderoatic > nonaromatic> antiaromatic. Since reaistiis
inversely proportional to the stability, thereforeactivity follows the order, anti-aromatic > nooatic>
aromatic.

Ex.a. cyclopropenyl cation (Aromatic) > cyclopropene (Naromatic) > cyclopropenyl anion (Anti aromatic)
(Stability) and reactivity order is cyclopropenyhtion (Aromatic) < cyclopropene (Non aromatic) <
cyclopropenyl anion (Anti aromatic).

ii)Predicting acidic character of organic compounds with aromaticity

Cyclopentadienyl anion, the conjugate base of @aitadiene, is aromatic, whereas, cycloheptatrianidn,

the conjugate base of cycloheptatriene, is antiatimmSince, Stability of organic compounds, folithe order,
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Aromatic > nonaromatic> antiaromatic, therefores tdonjugate base of cyclopentadiene is much maigest

than the conjugate base of cycloheptatriene, wisidepicted below.

H Ho
sp’ esp
_— + H*
(Cyclopentadiene) (Cyclopentadienyl anion)
(Non Aromatic) (Aromatic)
(Conjugate Acid) (Conjugate Base)

A =2+ 1+ 1(Constant) = 4 (eve) (Aromatic)

Hosp H?z
O =0

(Cycloheptatriene) (Cycloheptatrienyl anion)
(Non Aromatic) (Anti aromatic)
(QPogate Acid) (Conjugate Base)

A =3+ 1+ 1(Constant) = 5 (odd no) (Anti Aromatic)

Hence, in the first case, due to the stability lef tonjugate baseyclopentadienyl aniornthe equilibrium shifted
towards the forward direction, which increases tlencentration of H (proton) as well as the acidity of
cyclopentadiene over cycloheptatetraene. Therefyaopentadiene is much more acidic than cyclaiteptaene.
iii) Predicting stability and reactivity order of organic compounds in aromaticity using molecular
orbital theory (MOT)
Factors affecting the stability oforganic compounds in aromaticity with the help of nolecular orbital theory
(MOT):
e Stability a Number of filled bonding molecular orbitals (BMOs)
e For the same number of filled BMOs, Stabilitye 1 / Number of electrons in antibonding molecular thitals
(ABMOs)
Ex. a. Decreasing order of stability among cyclopropemibn, cyclopropenyl radical and cyclopropenyl @atis as follows:
cyclopropenyl cation > cyclopropenyl radical > @mlopenyl anion. This is due to the presence ofdifferent number of
electrons in antibonding molecular orbitals (ABMQx) the cyclopropenyl anion, cyclopropenyl catiomdacyclopropenyl

radical, where, in all cases, the number of fillemhding molecular orbital (FBMO) be same and is @Fig.8.26. Since
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reactivity is inversely proportional to the statyilitherefore, reactivity follows the order cyclopenyl cation < cyclopropenyl
radical < cyclopropenyl anion. Becoz, with an iragi@g number of electrons in higher energetic antling molecular orbitals
(ABMOs) increases reactivity and thus decreasestttality of organic compounds.

Ex. b. Decreasing order of stability among cyclopentaglianion, cyclopentadienyl radical and cycloperngagi cation is

as follows:

cyclopentadienyl anion (FBMOs = 3) > cyclopentagilgadical (FBMOs = 2) > cyclopentadienyl catiorBfiOs = 1).

Here, FBMOs = filled bonding molecular orbitalsd.8.27).

ABMO 1_ 1 - _ — —

BMO i Iy Iy

(Cyclopropenyl anion)  (Cyclopropenyl radical) (Cyclopropenyl cation)
Filled BMO =1 Filled BMO =1 Filled BMO = 1
esin ABMO =2 esin ABMO =1 esin ABMO =0

Fig.8.26: Molecular orbital diagram of the cycloprgenyl anion, cyclopropenyl radical and cyclopropenly

cation

(Cyclopentadienyl anion) (Cyclopentadienyl radical) (Cyclopentadienyl cation)
Filled BMOs =3 Filled BMOs = 2 Filled BMO = 1
esin ABMO =0 esin ABMO =0 esin ABMO =0

Fig.8.27: Molecular orbital diagram of cyclopentadenyl anion, cyclopentadienyl radical and cyclopenienyl

cation
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PROBLEMS ON AROMATICITY

Q.1. Which one of the following chemical system rsonaromatic?

a)Benzene b)Naphthalene ychipropenyl anion  d)Cyclopentadiene
Ans: (d) Cyclopentadiene dpybridized C atom makes it nonplanar, hence, momatic)
Q.2. The nonaromatic compound among the folving is?

a) Cyclopentadiene b) Bemzenc) Naphthalene d) None
Ans: (a) Cyclopentadiene {$pybridized C atom makes it nonplanar, hence, momatic)
Q.3. Which one is more stable?

a) Cyclopentadienyl anion b)x@pentadiene c)cyclopentadienyl cation dhal

Ans: a) Cyclopentadienyl anion (Aromgatic

Conclusion

It may be expected that these two-time economimvative methods will help the student of chemical
education at Undergraduate, Senior Undergraduate Rost-Graduate level to predict the aromatic and
antiaromatic behavior of organic compounds alonth wionaromatic natureExperiments,in vitro, on 100
students, showed that by using these formulae studis can save up to 4-5 minutes' time in the
examination hall to find out the aromatic/antiaromatic character of organic compoundsBased on this, |
can strongly recommend using these two-time econominnovative mnemonics including two formulae in

the field of organic chemistry.
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