AROMATIC HYDROCARBONS

6.1 Introduction

The term aromatic derived from the Greek word 'aroma’ meaning "fragrant’,
was originally used for a group of compounds which have a pleasant smell. The basic
structural unit of aromatic compounds is benzene (C;Hg) which has a six-member

unsaturated cyclic structure. The aromatic compounds have a low hydrogen content
and are characterized by a special stability. They undergo substitution reactions
more easily than addition reactions. Now the term aromatic compounds stands for
the whole series of compounds which contain one or more benzene rings in their
molecules. The aromatic hydrocarbons include benzene and those compouhds of
carbon and hydrogen that resemble benzene in their chemical behaviour. All

aromatic hydrocarbons (benzene, toluene, naphthalene, anthracene, etc.) are called
"Arenes."

6.2 Sources of Aromatic Compounds

Two natural sources of aromatic compounds are coal and Petroleum.

1. From Coal. When coal is heated to a high temperature (1000-1500°C) in the
absence of air, it gives three main products; (1) a gaseous product known as coal gas.
(i1) a liquid product known as coal tar, and (ii1) a residue which is called coke. The
coal gas mainly consists of hydrogen, methane, carbon monoxide and ammonia.
Coke is used in the manufacture of steel and other metals. |

Coal tar is rich in aromatic compounds. Coal tar is a black, viscous liquid

with a characteristic odour. It is a mixturc of large number of naturally occurring
neutral, acidic and basic compounds Coal tar on fr: actmn'ﬂ distillation ylelds the

following four fractions. . | w
(i) Light Oil. It distils upto.. 200°C . and gives maml} benzene, toluene, xylene
besides other products. SN | 64 0 fci rany

(ii) -Middle Oil. It dlstlls between 200 250° (J, eontamq naphuhalene, phenol,

cresols. | | .
(i11) Heavy 011 [t distils betWeen _250-3(}000; [ts main components are
naphthalene and cresols - .
(iv) Anthracene Oil. It dlstlls between 300 - 350°C, contains ,;inthracene,'
phenanthrene and carbazole. | -

nght Oil fraction is treated with dllute H,S0; to remove basic impurities

like pyridine. It 1s then treated with NaOH to remove acidic impur 1t1es hke phenol
The oil thus purified on redistillafcion gives the following fractions. _

(1) 90% benzol containg 75% benzene upto 95°C.
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(ii) 50% benzol containg 46% benzene upto 150°C.

(iii)  Solvent naphtha upto 200°C. ‘ |
. Benzene (b.p. 80°C), toluene (b.p.110°C) and xylene ( 135-145°C) are isolated
by fractional distillation from the two fractions 90% benzol and 46% benzol.
Over 200 aromatic compounds have been obtained from coal tar. However,
. benzene toluene, xylene, naphthalene, anthracene, phenanthrene and some
hetrocychc bases are more important. '

2. From Petroleum. Petroleum i1s the major source of aromatic compounds. It
| contains many aromatic compounds like benzene, toluene, xylene and naphthalene
‘etc. Aromatic hydrocarbons are mainly obtained by the catalytic reforming of the
a.hphatlc hydrocarbons present in petroleum which involves cyclization and
aromatization under the influence of catalyst such as chromium oxide supported on

alumina under pressure and at temperature 500 550°C The catalytlc reformmg is
" also known as hydroformlng - | |

/C'HB | _
H G CHa- - 01203, 500°C Y atalyst
N .‘I S R e e o Mwibudns et _
n hexane - ‘cyclization - cyclohexane - Aromatization benzene
H-2(,3*- - ?H,-a g ;catalyst 500°C s crcatalyst, 500°C:. '
| -E _ CH2 s *. | ) i 8 "11 ey ) . E 1114 RA 98 LA
-~ n-heptane R methylcyclohexane 20 oiit! wie'Toluene

"‘Benzené 'obtained- from reforming ’operation’ is’ in  far ‘léss amounts as
' compared to toluene. Therefore, toluene is converted into benzene ‘which is in much
.. greater demand, by heating toluene with hydrogen under pressure in the presence of -
a metal oxide catalyst and the process is known as hydrodealkylatlon '

500 C

6 3 Preparatmn of Benzene and its homologues

..~ .Benzene and its homologues are obtained on large scale from petr oleum and *
coal tar. The methods of their preparatlon on laboratory scale are of academic
interest only Some of the methods generally used for their. preparatlon are given

belo_w
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. 1. Dehydrogenatmn of Cycloalkanes.
catalytic dehydrogenation at elevated tempera

181

Cycloalkane and its ‘derivatives on
tures yield aromatic hydrocarbon.

Pt or Pd | aH
250°C ~ T e

Pt or Pd
250‘?C f

CH,

2. Cycllzatmn of alkanes. - alkanes contammg SiX or more carbon atoms on

catalytlc reforming i in the presence of 0r203 catalyst at elevated temperature under
pressure yleld aromatic hydrocarbons ' .

- n-Hexane | __450__500 C ~— | D

-~ Benzene -
T CH | 7 Cr,05 ' '
‘ q- CHz CH2 CHZ—CHQ—-CH“-CH3 —

n- Heptane | \4@ o00-L

s - , . . Toluene -
3. Fnedel—Crafts Alkylatlon Benzene and alkyl hahdes react 1n the

; pretence of AlCl3 catalyst te g'we alkyl substltuted benzenes

This method often gives polysubstltuted benzenee smce; further alkylatmn

4, Wurtz-Flttlg Reactlon F1tt1g extended the Wurtz reaction to the synthesls of .

~ alkylaromatic hydrocarbons (arenes) This method consists in . hpatmg a mixture of

- alkyl benzene (arene).

‘r
!_
i,
-
r

make their separation poas1ble The yield of alkyl ~aryl compound (are

aryl halide and alkyl halide’ w1th ‘metallic scd1um in ethe1 eal solutmn to ferm an

Br+2Na+BrCH3 — ’CHJ + 2NdBr o

The Wurtz - Flttlg reactwn 1S part1cu1arly 1mportant because :

chain can be easily mtroduced into the benzene- ring. Further the
formed have boilirig pomts sufﬁc1ently different from those of the

a'long stralght

side products - .
arenes which -
ne) is usually
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much higher than that of aryl - aryl or alkyl - alkyl cqmpounds.

9. Grignard Synthesis. Coupling of an alkyl halide with an arylmagnesium halide
(a Grignard reagent) gives an alkyl benzene.

Br ' ANy MeB CH;
: ¥ * . )
| ether . . <

Bromobenzene Phenvimagnesium bromide Toluene |
MgBr ' CH2—CH-CH2 ' CHECHzCHg
Ho/Ni .
@ + CH, =CH- (‘HBr———)‘/ -2, ' —EfWU\’Perl
PNW\\ heride Allyl bromide Allylbenzene n-Propylbenzene

Vi Aryl bromides and aryl iodides are readily converted to Grignard reagent by
treatment with magnesium in anhydrous ether. Aryl chlondes are 1nert toward
magnesium. | |

Aromatic hydrocarbons with b1 anched side-chains can be prepared by the
reaction of alkylmagnesium halides W1th an aromatlc ketone.

| | _ o (I)H
e COCH31 (I;“HCI-I;; (E:CHQ - ' (ITHCH;‘:
(i) CHqMgBr . A H,/Ni 1.
: 2 - ! > CH, —=__ . gRa? S .
(D HgO' 3 THO @CH‘S B s
- ~Acet0phumne B ~ | [sopropylbenzene

6. Dlels-Alder reactions. This reaction consists in 1 ,4-addition of a conjugated
diene to an olefin having preferably unsaturated groups attached to it. Thus 1 3 -
butadiene when heated with acrylic aldehyde undergoes Diels-Alder reaction to give

tetrahydrobenzaldehyde, which on treatment with Pt or Pd gives -benzaldehyde,

which may be converted to benzene by mndatmn to benzmc acid, followed by
distillation of sodlum salt W1th soda lime.

<4 CHO _ _CHO

CH CH CHO Pt -

j + | T SN (1) oxidation S
CH Oz, Hie: e . “‘2H2 o (1) sodium salt’

\ .
“CH, ~ Arcylic aldehyde

| Benzaldeh), de . ' benzene
S-Butadlene * _ .

7. Ulman reaction. Biphenyl may be pl‘epared 1n hlgh yield by heating aryl)
iodide with copper powder in a hlgh boiling solvent hke mtrobenzene (b. p 211°C)

' “'Nitrobenzene
2 I + 2 C —*—>

- Jodobenzene :
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| - Benzene can also be prepared by the following methods.
(1) By passing acetylene through red hot tube at 500°C.

sHC = o red-hot tube, ©

(ii) By heatmg benzoic dCld or sodium benzostc Wlth Hodd - hme

UC4H;COONa + NaOH L3O, ¢ . 1 Na,CO,
111) By heatlng Phenol with zinc dust. ' ,
CcH;OH -+  Zn heat CcH, + ZnO

iv)" From Aniline. Aniline is diazotized using HC1 and NaN 02 dt 0°C to form
diazonium salt which on reduction with SnCl, gives benzene

- NaNO,+H .
CGH5NH2 a 02(;' C]-) CE)H5N2CI —S*-(-I%E;':I‘!‘)g“ﬂ’ CGHG +N2 "!‘HC]

6.4 Structure of Benzene

Elemental analysis and determination of its molecular mass show that the
molecular formula of benzene is CsHg. The formula suggests that it is highly

unsaturated compound but its propertles are quite different from those of open-
chain unsaturated hydrocarbons. It does not decolourise bromine 1n CC14 or cold

agqueous potassium permanganate reagents that decolourise unsaturated aliphatic
' hydrocarbons ' .

Evidence of Cyclic Structure. Follmung reactwns show the presence of three
double bonds and a six-membered carbocyclic ring. ' e

(1) Benzene adds three moles of hydrogen in the presence of N1 catalyst to form
cyc_lohexane ' - |
( | CGHG + 3H2 Ni CeHio (cyclohexane5 |

(ii) _ 1Benzene adds three moles of halogen in the ptesence of sunlight to gwe

benzene hexahahde
(1) ~ Ozone reacts with benzene to form trlo:?omde whlch on clem 'lﬂ'E‘ g1ves three

'jmolecules of glyoxal.

o cleavage o CHO YA JRURTARE TR B0

F urther studles have shown that three double bonds in benzene are different

ﬁom the ordinary double bonds, and have a spec1al type of drrongement which is
responsible for nynusual” stability of the’ benzene molecule, The high degree of
benzene molecule is revealed from its heat of hydrogenation. The .

- stability of the ecule i its heat
i ‘heat of hydrogenation’of benzene is less by 150.5kdJ/mol than predicted for 1,3,5-

: ‘ | )
‘ . . i
- x '- & \ I. & L] :
K : ' , l
r : I i ’ -

. t“ . g
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cyclohexatriene (hypothetically). The stability of benzene is found in its substitutiop
reactions such as halogenation, nitration, sulphonation etc,. For example, benzene

reacts with bromine only in the presence of FeBry (catalyst) to give substitution

rather than addition reaction. |
| Fe Br .
C¢Hg + Br, ——3 CgHzBr + HBr

Benzene forms only one mono substituted product which indicates that all six
hydrogen'atoms in the benzene molecule are equivalent. This can be possible only if
benzene has a cyclic structure of six carbons and to each carbon 1s attached one
nydrogen '

The Kekule's Structure In 1865, Kekule suggested that benzene 1s.a cyclic
-compound with a six- membered ring of six carbons, with alternate double and single
bonds and to each carbon is attached one hydrogen. Accordmg to. this proposal,
benzene is simple 1, 3, 5 - cyclohexatriene. -

H
I

'H\C"""-C‘_\C/H | G '
| | - or |

I
H

‘However, the followmg ev1dences showkiihat the Kekule structure does not
edequately describe the structure of benzene. _
© (i)  If the Kekule's structure was correct, there should be two diferent 1, 2 -
“E dlbromobenzenes as shown ‘below. In one of them, the two bromine atoms

should be on carbohs that are connected by a double bond (a), while in the
~  other, the bromines should be on carbons connected by a smgle bond (b).

. Br MEL B, b 4 BE
S @ by

In actual practlce only one, 1,2- dlbromobenzene 1S known To overcome this
objection, Kekule proposed that the two forms of benzene are in a state of dynarnIC

‘equilibrium, and this equ111br1um 1S so rapidly establlshed that it prevents the

separation of the two forms. \

.We‘ DOW know that this pr OPOBHI' was wrong arid.,no such equlllbnumemsts

(ii) + v)v. formula predicts .that the heat of hydrogenation of benzene should be
ép . 1., 35685 kd/mol. In actual practice;, ‘the heat of hydrogenatio?

i
; %
i :
} | - ,| ,
-il"'"'i""-"l'-ﬂr; -
} ) . ;
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determined for benzene is only 208 kJ/mol. Thus benzene i1s more stable than
anticipated from its structure suggested by Kekule by an amount of 150.5 kdJ/mol.

Benzene + 3H, —\- ;55’0'35@3_) + 208.0 kd/mol
altin

(iii) Benzene shows unusual behaviour by undergoing substitution reactions,
while on the basis of Kekule’s structure it should undergo addition reactions.

(iv)  The bond lengths in 1,3, 5-cyclohexatriene would be 154 pm for the single
bond and 132 pm for the double bond. But, in benzene, all C - to - C bonds

have the identical length, 139 pm which is intermediate between a single and
double bond. .

A number of structures for benzene were proposed form time to time. Dewar
~ (1867) proposed the 'para - bond' structure (a). Claus also in 1867 proposed the
'three para bond' structure (b) which abandoned the double bonds altogether.

Armstrong and Bayer (1887) independent of each other, proposed the 'centric
formula' (¢). According to this formula, the fourth valency of each carbon is directed
towards the centre of the ring and reacts upon each other so that the afflnity may be
uniformly and symmetrically distributed. Thiele (1899) proposed that benzene 1s a
conjugated system of ‘double bonds par excellence’ in that all the partial
valencies are fully neutralised. However, non of them could satisfy all observed

properties of benzene and were consequently rejected.

D R @ o

(a) (b) - - (c) o - (d)
Dewar _ Claus . Armstron_g 1 AR ele

‘and Bayer

Nontheless the Kekule formulatlon of benzene’s structure was an important
step forward and, for practlcal reasons, it 1s st111 being Wldely used today

3.6 Modern Theories of the structure of Benzene

Wave mechamcs prov1ded two methods of approachmg the Structure of
benzene: (i) Resonance method and (ii) Molecular orbital method. -

(i) Resonance method. The phenomenon in which two or more Lewis. structures
can be written for a molecule or ion which differ only in the arrangement of electrons
is called resonance and these structures are called resonance contrlbutmg
structures or canonical structures. The actual structure of the molecule is ‘a

resonance hybrld Of all the CODtI‘lbUtll‘lg structures A double headed arrow ((—))
between the resonance structures is used to represent the resonance hybrid. The
benzene molecule is considered as a resonatce: hybrld of two - ‘Kekule and three

‘Dewar structures.

5 ; .
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00 - 0-0-8

Kekulc structm es Dewar structures

None of fhese structures represent benzene satisfactorily. The two Kekuyleq
- structures make major contribution to the actual benzene molecule. Therefore
benzene is considered as a resonance hybrid of two equal-energy Kekule's structureg
differeing only in the location of the double bonds. The contributing structures exist
only In our imagination. All the molecules of benzene have just one structure which
cannot be drawn but which resembles the contributing structures to varying
degrees. The resonance hybrid is more stable than any of the contributing
structures. In other words, the energy of the actual molecule, the resonance hybrid,
is less than the lowest energy contnbu’tlng structure. The difference of energy
between the actual molecule and the lowest energy contributing structure 1S called
the resonance energy. The benzene is said to be resonance stabilized by an
. amount of 150.5 kJ/mol which' is called the resonance energy of the benzene. The
stability due to resonance is so great that the n-bonds of the benzene molecule will

- normally resist breaking. This explains why does benzene undergo substitution as it
wants to retain its stability which is

tundergoes addition reactions.

-
-—

Molecular Orbital Method

likely to be destroy if benzene molecule

ot

of equal length Wh.lCh is 0.139 nm (1.39 A°).

The bond angles of the carbon atoms In the benzene rlng suggest tnat

carbon atom is sp? hybridized. Two of these hybnd orbltals are utlhzed in

forming
two sigma (o) bonds Wllh two adjacent carbon atoms due to sp?

- Sp? Overlap and the
third one is utilized in forming ‘a sigma (g) bond with hydrogen due to Sp?

overlap. There remains one unh}’brldlzedp - orbital on each car bon atom centalmng
one electron, oriented perpc,ndlcular to the plane of hexa
orbitals are close enough to overlap effectively,

- .ombine to fom® six molecular orb1tals - th
cO

gonal rlng structure. The p
The six overlaplng p orbitals linearly
ree bonding and three antibonding

'molecular orbltals
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Fig. 6.1

 orbitals of benzene (d) Molecular orbitals of benzene. s

LU (: ) ISR

(a) Bond lengths.ahd angleé in benzene (b) G-skeiétbﬁ(c_) Sixrbhverrlapping D

The six’ available electrons fill the three lowest’ energy boncﬁng ”ofbitals,

T, 79 - and T3,
when the benzene is in the ground
-y ,7y and 73 orbital

| above an

Fig. 6.2 Combined effect of bon

while the three a_nt:ibdnding_ orbitals, 77,75 and 73 remain empty
state. The combined 'eff’ect of 'six electrons in
s in benzene ring can be repreéente'd as a cloud of electrons
d below the ring as shown in Fig.6.2. . L e

............ 4 - | | | . " Upper 10{36
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“Ticn Lower lobe

.

ding _orbitarls‘ in benzene.
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The six electrons of the p orbitals now cover all the six carbon atoms and are

said to be Delocalized. As a result of delocalization, a stronger m bond and a mora
stable molecule is formed. Thus benzene gives substitution reactions readily ip
which the stability of the benzene ring 1s preserved.

Representation of Benzene Molecule

According to the molecular orbital approach, benzene Js represented by g
regular hexagon with a circle in the centre. The circle indicates the symmetrica]
distribution of electrons which gives an idea of electron delocalization. According t,
resonance theory, benzene is regarded as resonance hybrid, and can be represented
by a single Kekule structure. It should be kept in mind that the electrons in the

double bonds in benzene are not as localized as the Kekule structure would show

but they are extensively delocalized over the entire ring. A single Kekule structure is
¢ still being used. | | '

b Q-0 -

F - W -
| q ‘V?Bé 1associated with the

\\ behaviour. The characteristic behaviour exhibited by aromati
,9_0' Aromatic character or Aromaticity.'Aromaticity

nybridized plana‘rﬁrings_ tn which the p orbitals

‘delocalizaﬁon of -electrons.—s

g
|

From the experimental point of view,
compounds whose molecular formula would show a high degree of unsaturation and

yet which are resistant to the addition reactions and have ‘the ability to undergo

electrophilic substitution reactions like those of benzene. They have the unusal
- stability (i.e., extra stability): low heat ion, low heats of combustion
and sufficient resonance energy. . | '

From the theoretical point of view, an aromatic systeﬁl 1s one that contains a
closed shell of n electrons. Huckel's rule, based on molecular orbital calculations,
states that electron rings will co

_ on 1 nstitute an aromaticsystem only if the number of
relectrons in the ring is equal to 4n + 2, where n equals zero or g
ds, planar monocyclic rings with 2,6,10,14 . etc.
. oromatic while rings of 4;:8;712;ete: r electrons will
not be aromatic. The rule has be : P e o '

. | heterocyclic compounds
and fused ring compounds. The system can be an 1on. | ~ '

¢ compounds is called.
ts, in fact,a property of the sp?
(one on each carbon) allow cyclic

aromatic compounds are cyclic

Filling of ©t electrons in the orbit

The first pair of © electrons in.an annulen

_ : € goes into the 7 orbital of lowest éhel‘gy ;
After that the bonding orbitals are degenerate and

—" N

When there is a total of four n electrons, Hund's r 16 predicts ¥ws wo:

ule predicts two will be 1n the
' \ — el

J
¥ L
[l

L ]
¥ i



— N g em— B _ o g wa Ll . o

AROMATIC HYDROCARBONS - 189

lowest energy orbital but the other two will be ‘unpaired’ which will be in its

degenerate m molecular orbitals, and the system will exist as diradical (a system
with two unpaired electrons whlch makes them unstable). |

R N T R EE ]

q

(I S T

——— I ——— S

Cyclopropenyl cation Cyclobutadienc Benzene (Cyclooctatetraene
(aromatic) . (diradical) (Aromatic) (diradical)
According to Huckel's rule, annulenes (cyclic conjugated polyenes) will be

- aromatic, provided their molecules have (4n + 2) 1 electrons and have a planar

h_——__

W_\—W e e———
carbon rlng The rmg size of an annulene is indicated by a number in brackets. For
%

""'""——l——'-\___..---\_,.(

example, benzenej a (6] annulene, is aromatic, whereas [cyclooctatetraene; [8]
% ."—'—"'-————-——.__,, , . e e~ *
annulene is not aromatic. |

Mw '

~ Criteria for Aromatlclty For a compound to be aromatic 1its molecule must fulfil
the following requn ements. -

1. It must have a cyclic'and ‘planar structure. |
2. Each atom of the ring must be sp? hybrldlzed to pr 0V1de its unhybridized
p orbital for extended n bonding.
3. It must obey Huckel's rule, i.e., it must have (4n + 2) n.electrons.
4. It must have unusal (special) stability due to the'nt - electrons delocalization.
d. It must have the ability to undergo substltutlon rather than addltlon
reactions) | ,h
6. It should have ‘equal 'or approximate equal bond lengths; except when the
L symmetry is/disturbed by a hetro atomor in Some other way.
7. It should be able to sustaln a ring current induced by an electric magnetic

field, i.e., it should be dlatI'OplC
- Evidences of Aromatlclty

‘Let us apply these rules to the various Icyc'lic systemg ,_that- g‘if\r_e evidences of
aromaticity. JRPEN TR | _

27 electron system CyCIOpropenyl cation has 21 electrons and n = (), - which is in

accordance with Huckel's rule, It is reactive and is much more staple than the

- T —— m
Corresponding acyclic ion. The cyclc)prOpenyl cation is, therefore aromatic.

-

[Aene.Al

2 1 electron system; cycloprc)peny] cation.

\



Y

100 - ' ORGANIC CHEMISTRY

6 © electron system. Benzene is a cyclic and planar. It haa 67t electrons and n=1,
which is in accordance with Huckel's rule. This set-owen}ege 1S alsg

called aromatic sextet. Each carbon atom of the ring 1S S}f2 hybridized to provide

;-——-l-'-_"""'__——-"""-"'——h\_'—.

its p orbital for extended n bonding. It 1s, therefore, benzene has an unusual stablhty

"-——-*"WW

and is an aromatlc compound.

Heterocyclic Aromatics: The 572 membered heterocyclic compounds
pyrrole, furan and thiophene are cyclic planar. Each has a p orbital on every ring

——-———‘—-——-——*—-'_'b..—-—-\_____..‘___.—\_'

atom and each obeys Huckel's rule. For example, in pyrrole there are four p orbitals

h_—-..—-—'-_

on the four carbons, containing one electron each. The N atom (also sp? hybridized)
%

has an unused pair of electrons in a p orbital parallel with the other p orbitals. The
four 7 electrons of carbons and the two electrons of N atom form a cyclic © molecular
orbital. However, in furan and thiophene, there are two unshared electron pairs

—"""\__.-‘—-\__,.———..____,-—-.__.-—-\.._...- _""-_'\___.»-'

w One of these i is in a p orbital at right angles to the ring and is not |
to be counted. Thus pyrrole furan and thiophene can provide an aromatic sextet and |

iy el
are clearly aromatic. - : |
% s
7\ N
oo ~
o - N
H Tlliophene | -~ Pynidine
Pyrrole | g TN -

Similarly, in pyndme with three double bonds, each ring atom has a "
p orbital, containing one electron each and the six electrons form the m molecular

0rb1tal Therefore, pyridine is aromatic. The unshared electron pair on N atom does
‘not partlclpate 1in the 1 overlap ikl

e e e e ™™ e —_—

1,3-cyclopentadiene has a sp3 hybnd1zed C because of the 1ntervenmg

methylene (=CHj3-) group, making cyclic p orbital: overlap 1mp0351ble However 1t

' has ‘unexpected acidic properties. Removal of H* from thlS methylene group by 2
moderately strong base leaves a carbanion whose C is now sp2 hybridized and hasa

p orbital capable of overlapping to give a cycllc system of six delocalized 1 electrons
(4t electrons from 2 double bonds plus the two_ unshared electrons; total 67

electrons). Therefore, 1 3- cyclopentadlenyl anion is aromatic but ndt - 1,3
cyclopenm |
N :lm £ B -
2 op3 ——)B H
H® "H _
Cyclopentadiene Cyclopentadienyl anion

1, 3, 5 - cycloheptatriene has ..S.E_ T electrons but these n electrons cannot be

fully delocahzed because of the methylene gromm,on with no available
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p orbital. However, it can lose a w&n along with the pair of bonding
electrons, (1.e., as hydride ion) to a suitable reagent, to give the cycloheptatrienyl
cation which is qu1te stable and has 6 T electron byqtem Theretore, cycloheptatriene
cation 1s an aromatic but not cydoheptdtnen(,

91)3?)@ _ _ ~ sp?2 O . & AWW‘C”L“

Cy CthePtatrlene x Cycloheptatnenyl cation
- N\~ OuYS ’V\/\-QU.Q Tropylium cation |

10 7t electron system (n = 2). Naphthalene has 10 electron system and is stable

aromatic compound. According to Huckel's rule, wae
aromatic compound but is very unstable  because of the non-bonded interaction of the

hydrogen inside the. planar ring, which force the morcule out of planarity and .
therefore Huckel rule is not apphcable

(Y Mo
Mb'v\;\slh L " .

Naphthalene | (Jvclodecapentdene unstable)

Cyclooctatetraene has eight & electrons which 1s not a

'Huckel number and , like cyvclobutadiene, has two unpaired

electrons, in its degenerate n molecular orbitals. It is

therefore nonaromatic and will exist as diradical. .

Further, cyclooctatetraene molecular is not planar, but it is | Mmf 1
‘tub-shaped In view of the instability associated with two - Cyclooctatetraene ©tvoewalne

unpaired electrons in 7 molecular orbitals, cyclooctatetraene prefers Ltg_h_gp__a
nonplanar molecule to overcome the angle strain of a planar ring, and gains some
stability. Cyclooctatetraene is therefore neither aromatic nor antiaromatic because -
both these characteristics would require an overlap of parallel ,p orbitals which is
not p0351ble 1n a tub-shaped Innlecule Thus it is smlply cyclic polyenes | |
Annulenes. A [10] annulene would be expected to have the aromatic stablhty, since
10 is the Huckel number. [10]- annulene is somewhat strained because the
hydrogens in the center of the ring are crowded. This stenc straln prevents a planar
conformatlon which diminishes aromaticity. |

[10] <Annulene

F L ammen [14] -Annulene

[18] <Annulene.
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Some of the higher annulenes, e.g., [14] and (18] annulenes obey the Hucke]'
rule and were found to have the aromatic stability. |

6.7 Antiaromaticity

Planar cyclic conjugated species less stable than corresponding acyclic

~ unsaturated species are called antiaromatic. They have 4 nm electrons. Both square

cyclobutadiene and planar cyclooctatetraene *with 4 7 electrons should be
antiaromatic. Cytlobutadiene is very unstable and has not been prepared because

the m - electron energy of c clobutadiene is higher than that Mpen chain

."‘—-—'ﬂm

counterpart 3 - butad1ene Cyclooctatetraene 1s not planar T but tub shaped in which

1.—4—1—#

each double bond is almost perpendicular to its neighbours thereby reducing the n
overlap to a very great extent and thus 1t behaves.hke a linear polyene

i I. s

()

. Planar cyclooctatetracne
(unstable as an aromatic)

Tub-shaped cyclooctatetraene
(a non-aromatic structure)

6.8 Physical Pr0perties of Aromatic Hydrocarbons

'I ; , Cyclobutadiene

- Aromatic hydrocarbons are insoluble in water, but soluble n nonpola1
I solvents like ether, CCl,. They are less ‘dense than water, but their densities are

about 10% hlgher than the densities of the correspondlng cycloalkanes The boiling
points increase with i 1ncreas1ng molecular mass. The melting points depend not only
.. molecular mass but also on the symmetry of the molecules. For example ‘the melting

.. +:point of benzene is about 100° higher than that of toluene Similarly p -xylene has a
' h.lgher meltmg point than its ortho and meta isomers.

The aromatic hydrocarbons burn with a luminous smoky flame while the
' al1phat1c hydrocarbons burn with a bluish non- -smoky flame. Benzene is.a colourless

‘liquid, boils at 80°C and freezes at 5.5°C. It is used as a solvent The condensed

» aromatic hydrocarbons are usually solids and water 1nsoluble Toluene and xylenes
| are colourless liquids havmg charactenstlc odour.

i ' '- N Table 6.1 Physwal Properties of Aromatic Hydrocarbons e

Name . AN m.p. °C) ' .. b.p.(°C) . DenSIty
Benzene | - 2.0 - iy TH80. v 0.879
Toluene 4 -95 | 111 ' 10,866
Ethyl benzene = . . -95 £ - 136 . 0.867

0 = xylene o -25 L 144 - 0‘880

m - xylene -48 139 0.864

p —xylene 13 138 -0 861 )
Biphenyl 70 255 - |
Naphthalene 80 « 218 L., ...0.972
Anthracene 215 ' 340 | "
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6.9 Reactivity of Benzene-Electrophilic Aromatic Substitution
Benzene like alkenes, has a n electron system but benzene has extensively
delocalized 7 electron system which renders benzene stable due to the presence ol
h1gh resonance energy. The reactivity of benzene 1S therefore oriented 1n two
directions. Firstly, benzene is susceptible to electr oph111c attack, primarily because

of its exposed m electrons. Secondly, while benzene is susceptible to electrophilic -
attack, it undergoes electrophilic substitution reactions rather than addition

reactions. Since substitution reactions allow the ar omatic sextet of T electrons to be
regenerated after attack by the electrophile has occurred. .

Mechanism. A_ll electrophilic aromatic - substitution reactions follow the same
general mechanism that involves two steps. |

‘(i) In the first step, an electruplnlc attacks the T electron system of the aromatic |
ring to form a delocalized nonaromatic carbocation known as an arenium 1on -
or a ¢ complex. The electrophile may be a positive ion or a dipole.

. 7 | H
St.ep 1 Lot slow K
NS | SN T. ey
Benzene Llentr ophrl(, Arenium 10n

The arenium ion 1s resonance - stablhzed and is a hybrid of the following
| three—structures 3

O - O - O] - ¢

(11) - In the second step, the arenium 1on loses a protc-n from the carbon that bears
| the electrophile, to a base present 1n the reaction mixture. The electron pair

that bonded this proton to carbon bocomea a part of the cychc n electron
system and the ar omatlc sextet will then be restored.

' H e £
Step 2 +E .B' (01 B} Fast,

+ H:B or (H:B)
The first step is slower one and therefore is the rate determine sfep'_ and the
reaction is second order. ' LA

The reaction in which a proton (H*) of the aromatm ring is substltuted by an
electrophile (E™) is called electrophlhc aromatic substltutlon

6.10 Aromatlc Electrophilic Substu:utmn Reactions

" Benzene undergoes nltratmn sulphonatlon halogenatmn and Fr1edel Crafts
alkylation and acylatlon reactlons It also undergoes amlnatlon formylation ann
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carboxylation reactions.

1. Nitration. Nitration. of benzene is most commonly carried out by heating
benzene with a mixtie of conc. nitric acid and conc. H,50,. Concentrated H,SO .

Increases the rate of reaction by increases the concentration of the electrophile - the

nitronium ion, NO3.

- _NO -
H.SO 2
+ HN03 “"'—52000-—)4 + Hzo

A

Mechanism: - HNO; + 2H,S0, == NO} + 2HSO; + H,O"

R ~NO,
n No:_; | 5]0\\"} H .

. The nitronium ion has been observed sbectrostbpically in _t_he mixtures of
HNO; and Hy,SO4. Rerently stable nitronium salts such as 'NO3ClO; and

L

NO;NO; have been prepared and used to carry out nitration reactions.

2. Stﬂphopa!:ion. Sulphonic acid group (-SOgH) can be introduced iﬁtobenzene
ring by heating benzene with conc. sulphuric acid at -80°C or fﬁming sulphuric acid
{HoSO4 +S0,) at room temperature. In either reaction the electrophile is sulphur
tﬁt!ﬂde (SO, ). Although SO, is a neutral species, . it has an electron deficient
* sulphur atom due to which it behaves asa strong electt;t)phile.' In fﬁimi.ﬁ‘g sulphuric

. acid, the dissolved SO;; reacts directly.

¥ o S

o SO.H .

. + .503 ‘ 25{](_:: ey L 11100y
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H &.oi
so; | SO.,H

H.,0

2O _;—L:——‘- ( +
+ H .,:.(" | \-/

Sulphonation is a reversible process, desulphonation is achieved by‘treating
the benzene sulphonic acid with super heated steam.

.=~ heat y 1 .30
+ 1120 500G +  HydO,
3. Halogenation. The process of substitution of halogen (chlorine or bromine) in

place of H atom in bénzene ring is called halogenation. Benzene reacts with

chlorine or bromine in presence of a Lewis acid like FeClg or FeBr; to form
al; st, which reacts

chlorobenzene or bromobenzene. Most often iron 1s used as a rat
‘with halogens to form the required ferr ic hahde | .

2 Fe + BXO —_— 2F€'X3

| Smce side chain alkylatlon is catalysed by ught the . aromatlc halogenatmn
reactions should be conducted in the absence of hght

AP
(ECa b -+ HCI
257°C . ke ok

e 1‘-3 .' . (6% “4s 2% - I
- HB
heat ~ T r

Toluene reacts with Cly or Bry in the pres'en(:he_ of AlCl; or FeClj; to give a

mixture of 0o - and p - derivatives.
CHg IO . GH,

Mechanism: The mechamsm of halogenatmn 1s similar tn the general patterp
described already The actual halogenatmg agent 1s halomum mn' X+. The

mechanism for aromatic bromination 1S as follows =%

LS -

”

Step 1 :Fomation of electrophile, halonium ion. .
7 Brg' + FeBr3 —— Br" + FeBry
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Step 2. The clectrophile, Br*, attacks the benzene ring to form a arenium ion.

. Br
+ Br' | glm,‘\i'a @H

Step 3. Arenium ion loses proton to yield bromobenzene.

Br Br
H + FeBr; _fﬂ;_) "+ HBr + FBBI’;:;

The order of reactivity of the halegens is: F, > Cl, > Bry >1,. Fluorine is too

reactive to control, whereas iodine is the least reactive in aromatic Substitutiqn. An
- oxidizing agent such as HNO4,HIO3or H,0, is generally used to convert iodine

Into an electrophilic iodinium ion (I,

5= 2I7). ICl is a better iodinating agent
e .
than iodine itself

4, Friedel-Crafis reaction. The reaction which
alkyl or acyl group into benzene nng in the
lewis acid, i.e.,

- reaction. These

, involves the introduction of an
presence of anhydrous AlCl; (or any other
BF3,HF,FeCl3,ZnCl2 and H,S0,) is called Friedel - Crafis
reactions are classified into two meain categories.

1. Friedel-Crafis Alkylation.

; - with alkylating agents such as
. anhydrous

Alkylation may be carried out by treating benzene
alkyl halides, alcohols or alkenes

in the presence of .
AlCl3 (or any other lewis acid). The reaction is used

for introducing an

usually carried out in an inert

3 disulphide. A few examples of alkylation are
~ given below: | -
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Drawbacks. Friedel - Crafts alkylation has two serious drawbacks: -
(i) It is difficult to stop the reaction when one alkyl group has entered the ring.
It often gives poly-alkylated benzenes. For example, benzene with excess of
CH3Br gives 1, 2,4, 5 - tetramethyl benzene in the presence of AlCl; at

95°C. .
CBa~_ CH, ‘
AlCl, '-
+ 4CHzBr — b, (durene)
| CHy™ CHj
(i) - The alkyl group often tends to rearrange. For example, when benzene is

treated with I-bromopropane in the presence of AlCl3, the product is
1sopropylbenzene(cumene)rather than the expected n-propylbenzene.

| major product minor product

This is because the Fnedel Crafts alkylation involves formation of

" carbonium ion electrophiles. These carbonium ien can undergo rearrangement

before attacking the benzene ring. Rearrangement 1S usually in ‘the order
primary — secondary —— tertmr'y and oceurs mestly bylngmtwn of_ H~ but also

- of R™.

(11) Frledel-Crafts Acylatwn A reacton in whzch an acyl group (RCO —)' LS
introduced into the benzene ring by means of an acid halide or.an actd anhydrzde or
a ketenes in the presence of anhydrous AlCI, to fnrm airomatic ketones is mlled

Friedel-Crafts acylation. A few examples are glven below

0 o C-CH,, TR
+ CHg5-C- Cl ) + HCI e
E AICLy U=y
. O T CI—IJ /OF —2 ~: + CHi(]OOH i
IR - COCH, | ‘ :
- Ketene * i ST BoSae o | ’
. Acelophenone | ' R T
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The mechanism of acylation involves electrophilic acylium ion (R - 7C = O).
RCOCI ‘1-_. AICI:; — 5 R-"C=0 + AlCl; -
. . _H
O + R-C=0 > @ 'ﬁ‘R
. _ )
Htush C-R

(-
1
O
Unlike an alkyl group, an acyl group does not rearrang
introduction of another acyl group in the benzene ring. Therefore, straight - chain
alkyl benzenes are invariably prepared by acylation of benzene to give a ketone
which is then reduced to n-alkylbenzenes either by Clemmensen reduction or Wollf -

Kishner reduction.

R+ AICI 5 g + HCI+AICL,

e, nor it allows the

COCH,CH;  CH,CH,CH,

20 1CALCH, - -

5. Formylation. Sﬂbstitution of a formyl group, t.c, laldehyde_' group ( —CH 0) into an
aromatic ring 1s known as formylation. Formylation 1s similar to acylation, but it is
" not possible to bring about formylation at ordinary temperatures' by the action of
- formyl chloride or formic anhydride with benzene since formyl chloride 1s stable only
for a ‘s_hort time in CHCl; at - 40°C, Whér"e as formic anhydride de'con‘ihl':i'dé;és slowly at

f'oom témpegéture., F ormylaf{?h may be aécom}ﬂished by thg fgillqwing prdcedures.

(a) By Gatterman - Koch ,reﬁctiop; '__The reaction 1is carried out_ﬂ_.' by - bubbling
carbon monoxide through a solution of an aromatic hydrocarbon .(benzene)
containing anhydrous AlCl;, cuprous chloride and hydrochloric acid to form an

aromatic aldehyde.

| CO + HCI ﬂ(il—% '
¥ L * 3 CuCl

The ';mechanism is similar Lfo’Ffiedel - Crafts acylation. The CO and HCI
*react', to .form unstable formyl chloride. ' ' ™ '

co + HCl — [H-C-a]

_CHO _
-+ HCI

A convenient procedure is to drop chlorosulphonic ‘acid HSO3Cl on formic
acid, which generates CO and HCI. ' |
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—_—_*-__.*—_——__—
HS03C1 + HCOOH —— CO + HCl + H,S0,

(b) By Gatterman reaction. Gatterman used hydrogen cyanide in place of

poisonous carbon monoxide as the source of the formyl group.. In this procedure, a

mixture of hydrogen cyanide and HCI is treated with aromatic compound in the
presence of ZnCl,.

ZnCl, H,0

Cg¢Hg + HCN + HCI » C4sH;CH = NH > C¢H;CHO + NH;

Direct use of HCN can be avoided by using Zn(CN). 9. HCN 1S generated in Ssttu.
Zn(CN), + + 2HCl —— 2HCN + ZnCl,

(c) Formylation Wlth formyl fluoride. In this method, aromatic rings are
formylated with formyl fluoride, HOCF, in the presence of BF; in ether. Unlike

formyl chloride, formyl fluoride is stable enough for this purpose. This. reaction 1s
successtul for benzene, alkylbenzenes, CGH Cl, CGH5Br and naphthalene.

BFS/ P C(-H5CHO + HBF4

6. Chloromethylation. When certain aromatic compounds are treated with .
formaldehyde and HCI in the presence of ZnCl,, the CH,Cl group is introduced

into the ring in a reaction called Chloromethylatlon The reaction is related to

Friedcl-Crafts alkylation and ‘is successful - for benzene, alkylbenzenes,
alkoxybenzenes and halobenzenes. | ' - |

b ' CHCI -
: ZnCl. 2
'+, HCHO + HCl, n XS © + H20
_ o } . ,

7. Carboxylatlon Phosgene (carbonyl chloride, COClz) may | carboxylate benzene
in the presence of anhydrous . AlClj;. The benzonyl chlerlde CGH5COCI, 1n1tlally'

produced hydrolyzes to the carboxylic acid. it olnigosloun ritsrrots
' AlCI y =
CeHg + C€OCl, 129, ¢ H 00! H20 GGHCOOH:
However, in most cases, attacke an other ‘ring to torm benioohenone
@ketone). oo -
' O

- AICI L R R R A
CGH'500C} +1QgH - Zoaisy CgHj; - C- C(;;H;f' Cepeitnafl anithhA 0

CGHﬁ + FCHO

Recently, carbomyl chloride, H,NCOCI, has bicen ueed to I)IF;“.;

entd'the ketone
formatmn Wlth oarbomyi chloride, the reaction is: called: the Gatterman amide °

synthesis and the product is an amide, which can bé hydrolysed to the corresponding
. ] o

carboxylic acid.

Al g -
CeHlg + CICONH, 1%, coconm, B0, 'y coon - NH,
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8. NucleOphilic aromatic substitution. An aryl ‘halide having strong electrop.
withdrawing groups at ortho or para to the halide may undergo nucleophiljc
substitution in which the halide ion is replaced by a nucleophile. For example,
hydroxide ion can replace chloride from 2,4-dinitrochlorobenzene:
Cl | OH
_NO, | | NO,
+ NaOH 1_00"(,‘,.} -'

NO, [N NO.,

The mechanism of the nucleophilic aromatic substitution involves a
negatively charged sigma complex as an intermediate..The negative charge of the
complex, delocalized over to the ortho and para position, is stabilized by the electron
withdrawing nitro groups through both inductive and resonance effects. Loss of
chloride from the complex restores the aromatic character of the ring.

Gl - Cl OH

In aromatic nucleophile substitution, a strong nucleophile replaces a leavmg
| group such as chloride, while in the electrophlhc arornatlc substituion, a strong
| electrophile replaces a proton on an aromatic ring. Furthermore strong electron-
withdrawing groups 'such as’ nitro ' group, deactivate the aromatic ring toward
| " electrophilic substltutlon but they activate the rmg toward nucleophilic
| substitution. | o -

| 9. Additiun Reactlons. Though benzene is qulte stable and resists to addition,
i however, under suitable conditions, 11: undergoes addition reactlons as is evident
| N . 3
i

from the following reactions.

(i) ‘Catalytic Hydrogenation. When a ml‘cture of benzene vapours and hydrogen

is passed over a Ni catalyst at 150°C under preseure cyclohexane 1S produced
}

150 C, Presqm e

cyclohetane
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(11) Birch reduction. Na or Lj metal in hiquid ammonia in the presence of ethanol
partially reduccs the benzene ring to a nonconjugated cyclohexadiene.

s 4 - eyelohosadl
1.4 - cyclohexad.ene
C,H- ()H i ey e ey
_.1_\1 ”\Tn 2,5- cyclohexadiene-1-carboxylic
16 ;l )H ' I acid

| (lll) Addition of Halogenb Benzene adds three molecules of chlorine or bromine
in the pr esem,e of sunlight to form benzene hexachoride or hexabromide.

ol ‘ :
Benzene hexachloride (BHC) is a mixture of eight geometrical- isomers and is a

powertul insecticide, though only one 1somer called y-isomer, has insecticidal

properties. The mix*ure is sold under the name Gammexane or Lindane or 666.
Mechanlsm The reaction involves a free~rad1cal mechamsm

cl, hi—:. CI* c_1':'

sl

10. Omdatmn Reactions. Benzene 1S re51stant to - omdlzatlon and 1s1 -not
oxidized by alkaline KMnQ, or chromic acid at room temperature However 1t can
be oxidized under certain condli ions, as shown below.

L (1) Catalytlc Oxidation. Benzene . undergoes omdatron with air/ oxygen in the
Ppresence of vanadium pentoxide at 450°C to form malelc anhydride '~ = ..
' _ VO,- CH-C =
2 + 90. ‘3 ARy o)

(i1) Ozondlysis. Benzene reacts with ozone: £ g‘ive pa-’fl‘ioze'nide -which"On .
hydrolysis yields glyoxal. | e , on -
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; ANC A - | | - -

- | a oxyl
4 ._ ‘ B 303 ——_) [CGHBOQ] | 3 H(!J = O g y Xy

(iii) An alkyl pide chain, whatever its length, is oxidized by a‘qu‘e'o"us‘ IQ’InO4 or
acidic. dichromate to benzoic acid. i g = | -

—

L ol -
-

— —— S M

- & A e S

CHj, - : COOH |
© ~ ' _K_M_IM__) . S Be'ni'zoic a'cid‘ .

[

CHOH, oo . : cooR <

. 11, Side-Chain Halogenation. Halogenation of toluene in the pr‘-esen'cq pf a Lewis -
| acid (AICl; or FeClj), would occur at the aromatic ring and gives a mixture of o- _
""and p- derivatives. However, when an halogen is treated with toluene in the
_ presence of ultraviolet light, halogenation occurs in the aliphatic side _chain to yield
 successively, benzyl chloride, benzal chloride and benzotrichldrjdg.;;,_ A

' CH - CHCl, -~ "+'#"CCly

" © b © i T P

' :#l:

|
1.

Toluene " Benzal chloride Benyl chloride 1UB‘en'zotrichlt>ride

'6.11"Reactivity and Orientation: Effect of Substituenf,"s‘

- Reactivity. The electmphilic substiution reactions are not only the‘cha‘;t_'a:i:terﬂ'hi_sktic of’
" benzene, but are also given by substituted benzenes and o‘th'er‘ gompouqu having
aromatic character. In an electrophilic aromatic substitution reaction the aromatic.;

ring provides the electron pair out of its aromatic seXtét._'tb form a bond with the :

- electrophile. Thus, any substituent group on the aromatic ring that cause an

" W

 ‘increase in the electron density of the benzene ring will_,im':reas;_e:; its reactivity, since
the attack of the electrohphile on the aromatic ring is the rate déi:_ermining . step. A
substituent that decrease the electron density of the -ring ' will ‘decrease the
reactivity. | il T I ORI SRR
| A substituent ;alréady present on the bengene ring determines (i) the
. orientation of an incoming substitutent and (ii) the reactivity. of the benzene rng
toward further substitution..- T N e S
| We can divide substitutent. groups into two groups according to their
. snfluence on the reactivity of the benzene ring. | R (" '

© ' . 1. Activating groups 2. Deactivating grQhRB 8
| Wl U R

»
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Substituent groups thst increase the reactivity of the benzene ring relative to
benzene 1tself, are called activating groups, and the groups that decrease the
‘reactivity of the ring relative to benzene, are called deactivating groups. Thus, an
activating group makes the benzene ring to react faster than benzene itself, and a
deactivating group makes the benzene ring to react slower than benzene 1tse1f 1in an
electrophlhc substitution reaction.

Orientation is a process of determining the relative pos1t10n of new
mcommg group in. the substituted benzene. We can also divide the substituent
groups into two classes to the way they influence the orientation of attack by the
~ incoming electrophile. _ R

1. ortho - - para directors | 2. meta directors:

_ Substituents which direct the incoming substitutent to the ertho and para
‘positions simultaneously, are called ortho - para directors, and the substituents

which direct the 1nc0m1ng subst1tutent to the meta ‘position are called meta

. directors.

In generai, ortho-para directors_ activate a ring toward electrophilic
substitution, whereas meta-directing groups deactivate a ring toward electrophilic
substitution. The only exception to the above generalization occurs in halobenzenes,
Ce¢H; — X, although -F, -Cl, -Br, and -I are ortho - para directors, these
substituents deactivate an aromatic ring in electrophilic substitution. On the basis
- of this generalization, we can divide substituent groups into three classes as follows:

@) - Substituents such as -R, -OH, -NH,, -NHR, -NR,,-OCH3, -OR and
‘ -NHCOR already present on the ring lead to o-, p -orientation Wlth

-~ activation. _ | ,
(i1) Halo substltuents lead to o-, p- -orientation with deactwatmn

' (iii_)-' Substitutents such as —NO,,-SO3H, -COOH, -COOR. -C = O, -CHO, A

| - -C =N, -CF;,-CCl3,-NRj3 lead to meta orientation with deactivation. -
1 Stab]htles of sigma complexes (Arenium ion stability). In an electrophilic
aromatic substitution reaction on a substituted benzene is to give a disubstituted
benzene, the relative yields of the three i isomers compounds is to the relative rates of
their formation. The -rate of a reaction generally depends: on the stability of the
species formed in the rate-determmmg step of the reactloly Thus, the rates of
,formatlon of the three isomeric disubstituted benzenes and their yields, in an
electrophlhc substitution reaction, depend on the relative stabilities of the
corresponding sigma complexes (arenium ions). The more, stable sigma complexes
(arenium ion) is, formed more rapldly, and -thus yields ‘more quantities of the
respective 1somer.

The influence of the substituent group on the orientation ahd-

reactnnty of the aromatic nng can_be explalned on the basis of resonance and
mductwe effects., -~ |, o v,
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The substituent groups belong to three classes as mentioned above, but t,
give a broader picture, we divide the substituent groups into five categories.
1.  Activating ortho-para directing groups which contain an unshare(
pair of electrons on the atom connected to the benzene ring, e.g., -OH, - NH,

-NHR, —OCH,, etc. The structural feature of an unshared electron pair on the

atom connected to the benzene ring determines the orientation and influences
reactivity in electrophilic substitution reaction. An electrophile will attack at those
positions at which the electron density is greatest. The unshared electron pair is in 4
strong position to help the attacking electrophile by making itself available at o -
- and p - positions in the benzene ring. For example, the contributing structures for
the resonance hybrid of aniline (or any other group of this class) are such that they
have the negative charge "concentrated" at the o - and p - positions in the ring. The

unshared electron pair on the N atom attached to the ring 1s distributed into the
1ng by interaction with the n system as shown below:

:NH,, +NHa, +NH, +NH, i NH,
=

@ O @ e
Resonance hybrid

Therefore an electrophile would naturally attack at the o - and D - positions
rather than at the m - positions. |

The — NH, group exerts an electron - withdrawing inductive effect on the

" benzene ring and thus deactivates the ring. At the same time, resonance effect
exerts in an increase of electron density of the ring. Since the resonance effect of the

- NH, group is stronger than 1ts inductive effect, the net result-is that the ‘_NH2

O - O--

- group activates the ring and makes 1t to react faster than benzene.

Inductive effect Sk - Resonance effect

" The orlentatlon and reactivity of the substituted benzenes in an electmphlhc
substitution reaction can also be explained on the basis of the relative stabilites of
- the respective intermediate arenium ions (or © complex) ‘The reaction rate,
generally, depends on the stability of the arenium ions. Any group that can donate
electrons to the ring will stabilize the arenium ion by dispersing its positive charge
and thus increase the reactivity of the ring. An electron - withdrawing group will
destabilize the arenium ion by 1nten51fy1ng 1ts pomtwe charge and thus decrease the

- reactivity of the ring.
: Let us now consider the attack of electrophlle on the aniline at the o-, m~-

e ]
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and p-positions, the arenium ions has the following resonance contributing
structures.

N, INH, NH,  +NH,
Ortho attack H _, H . H ., H
4 "+ -
Relatively stable
contributor

:NH,  :NH,  +NH, ~ +NH,
. |
Para attack | > «> «> *
. + | +
EH E H E H .-+ EH
Relatively stable
' _ contributor
‘NH, :NH, - :NH,
| _ " + + '
meta attack | | R S | E <> B
H H - H
‘ L+

In the case of ortho and para attack four reasonable contributing structures
can be written for the arenium ions in each case, whereas ohly three ~ontributing
structures can be written for the arenium ion from meta attack. Of greater
importance, however, are the relatively stable structures that contribute to the
hybrid for the o - and p - arenium ions. In these structures, nonbonding pairs of
electrons from nitrogen form an extra bond to the carbon of the ring. The extra bond
makes these structures the most stable of all the contributors. No such relatively
~ structure is possible for the arenium ions for attack at m - position. This suggests
that the ortho and para arenium ions themselves are more stable than the arenium
ion that results from ihe meta attack. The transition states leading to the ortho and
para arenium ions occur at the lower energies than the trans1t1on state leading to-

the meta arenium 100. The - NH, group 1n aniline donates electrons to the rlng by

resonance effect and stablizes the incipient arenium 1ons in the. transition states
leading to 0 - and p - positions, thereby increasing the rate of reaction as compared

to the rate of reaction of benzene. Thus all such ortho - ‘para dlrectlng groups
activate a ring toward electrophlhc substitution. '

2. Activating ortho and para. dlrectmg groups (alky]l and aryl gr OUPS) that
lack an unshared electron pair on the atom connected to the benzene ring.
Methyl or alkyl group is electron - releasing by inductive effect. It therefore releases
electrons to the benzene ring and thus Increases its electron density ‘It also I
lncreages the electron density ol the benzenc ring through hyperconjugatlon Meth}]
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Structure showing Hyperconjugated structure
inductive effect

The ortho - para directive influence of methyl or alkyl group and aryl group
can be explained on the basis of resonance structures for the arenium 1ons formeq

when toluene or arylbenzene undergo electrophilic substitution. We get the following
results.

CH,4

CH3 CHj,
E E E
+H —> . H —> H Ortho attack
| CHi,
E H

Relatively stable contributor

CH, |
> Q Para attack
+

E H |
CH, |

E

H |
+ .

CH,

O -

Relatively stable
contributor

—> meta attack

> etc

- In ortho and para attack there is one contﬁbﬁtiﬁg structure inleach case iI}
which the methyl or aryl group is directly attached to a positively charged carbon 0
the ring, whereas no such structure can be written when the electrophile _gptacks the
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. meta position. These structures are more stable relative to any of the others and
thereforée, make a large contribution to the resonance hybrid for o - and p -
<ubstituted arenium ions. Thus the o - and p - -ubstitued aremum ions are more

stable, the transition state leading to the arenium 1i0ns OCCUIS at lower energy and

therefore substitution at ortho and para takes place more rapidly and 1s preferred to

‘m - substitution.

R, 2 % ".‘paI"B'./’#-‘\ IE-:I | for CéHg
% ., meta ON _ — for CgH5NO;

¥
.
-

Enthalpy
“~
“~
N D
~
~
\g
M
J ®
_ (Z
O
|\
-y

| E
H,*-/
/ /
/ ’J -
/4'/’3/' ‘ @ H - S
x4 - @ H

Reaction Progress

3;: "."I;)e activafti_ti_g' oi'_tho and para directing halo sﬁlistitu'ents b:('qmde_d. to _the
ring. The halo groups are highly electronegative and therefore exert an electron -
o ring. This would result 1n reducing the overall

withdrawing offect on the benzene ring 1C11
electron. availability on the ring and thereby deactivate it towards electrophilic
abtacky | e paii ' = ' - .

- L e g i L o— [ i ——

Tnductive effect of chloro. o | |
- group deactivates ping & Y DB ST ‘,

B

" On'the other hand, the tron pair on the halogen ats
donated ‘to the ring. through its resonance. effect. and thereby making 1t richer in
| | - - positions. Thus substitution. at o - and P -

electrons, fparticulgrly at o - al_id P

unshare’d- electron ‘pair on the halogen atom may be

1’ ' Although, the :nductive and resonance effects are in the opposite’ directions,
but the . nductive effect causes o deactivation of the ring, whereas the resonance

|
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effect, determines the position of the attack, with the result that substitution occurs

at ortho and para positions with deactivation. _
4. Dectivating meta directing groups that lack an unshared electron pair

on the atom connected to the ring, e.g.. - NO,,, C =N,- SO,H. -COOH. =COOR,
-CHO, and -COR. These.groups ¢ electron -withdrawing. In these substituents
the atom directly attached to the ring 1s also bonded to another highly
electronegative atom by a multiple bond. The electronegative atom attracts the

electron pair of the multiple bond and thus places a positive charge on the atom
directly attached to the ring, which in Lurn attracts the electrons of the benzene ring

through resonance effect, resulting 11 a decrease of electron density of the ring
particularly at o - and p - positions that bear a positive charge. Thus these groups
deactivate the ring through both inductive and resonance effects and make the
benzene ring to react much slower than benzene. Nitrobenzene is a resonance hybrid
of the following canonical forms. |

| Ol #Y OO0 " o0 05O O f:l _0O
| +( - ™ + O+ O+
; | .( ) ¢ > E E | — |

A . ' i _* A |

, . i D | ~ Resonance hybrid
The ortho and para positions of the resonance forms bear a positive charge
- and ther.?g-pqsi_tio_ns are relatively unaffected, therefore, substitution occurs at meta
Positiorl_lel }Jnder drasi_:_ic,c0n_ditiions'_With“dea'cti'vaftmn. 3 AMEFL gadi )

Inductnfe effe1ct | | - Resonance effect, E . -
Let us now consider. tke resonance stability of arenium ions from the ortho.
meta and para attacks on nitrobenzene. f | SR Y

+ o .+ .0
O%N/O O N A0

| + minbr‘-@ontribution '
NN ORZ

HS B4
coominor contribution

id i L - i
gy . Yt 4l

)
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O ~ I-\i—‘r'ﬁo _O%IG y O O %ﬁ /O- O%K‘ ,-'O—
+ + +
m-attack QE «— QE ——> @ E < E

Each arenium 1on has four resonance contributing structures but the
arenlum 1ons resulting from the ortho and para attacks have one resonance
structure each, which is highly unstable because the two positive charges are located
on two adjacent atoms. Therefore, the aremium ion resulting from the meta attack is
relatively more stable than the each hybrid resulting from ortho and para attacks.
Hence the transition state resulting from ortho or para attacks has higher energy
than the transition state arising from meta attack. The nitro group (or other group
of this category) is therefore not only deactivating but also meta directing.

5. Deactiving meta groups with a positive charge on the atom directly

connected to the ring, e.g., "N(CHj3);, -"NR3,~" PR3, etc. Thesc groups are:also

electron - withdrawing and exert an inductive effect away {rom the benzene ring

- and thus lower the electron dens1ty on the ring For example "N(CH, 1, (trimethyl

ammonium 1011)

H,C-N-CH.

The electron - withdrawing inductive effect of such groups deactivates the

ring towards electrophilic attack because they tend to decrease the electron density
on the ring. Such groups are also meta directive. This can be seen by conbldemng the

arenium ions resulting from the ortho, meta and para attacks on C(]H~ --N(CH3 )3

\"(( H.)g '

p-attack

minor contribution ftlnsﬁable)

v
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&}E.th NT (CHg)g Nf (CH3)3

Each arenium ion has threel contributing structures but the arenium ions

resulting from the o - and p - attacks has one structures each, whicl is highly

“unstable because they have positive charges located on adjacent atoms. vi.ereas the
dgrenium ion resulting from meta attack has no such structure. Thus, .ne arenium

m-attack

ion resulting from the meta attack on CeH5N(CHj)g is relatively more stable than
‘the arenium ions of theo - and p - attacks because of the destablization of the later.

A

The - N(CH3 )3 group is therefore meta dn'ectlng

- Note: (1) All m - directors are electron - W1thdrawing and destabilize the incipient

arenium ion in the transition state.. They therefore diminish the rate of reaction as
__compared to the rate of reaction of benzene. '

(11) Most ortho para directors are electron donating. They stabilize the incipieﬁt

3 aremum 1on 1n the transition state, thereby increasing the rate of reactmn as
campared to the rate of reaction of benzene. |

6.12 Orientation in Dlsubstltuted Benzenes .

Electr0ph111c aromatic substitution reactions of disubstituted benzenes

usually give a mixture of products because of competing orientation influence of both
- substitutents. However the following generalization can be made:

1., ' ~ When the directive influence of two substltutents oppose each other, the more

powerful activating group generally. controls the orientation. The various
- groups can be arranged in the order of decreasing activation of the ring are as -

“follows: -OH >-NR; >NH;>-OR >-COOR >-NHCOCH, >- CzH; >- CH;

meta - directing groups. Con51der as an example, the orientation of
electrophilic substitution of o - cresol. ‘The -OH group is much. stronger

- activating group than the methyl group. Therefore, substltutwn occurs at

ortho-and para to the hydroxyl group and not to the methyl group. Similarly,
substitution occurs at the position ortho to the methoxy g'roup in p - methoxy

toluene. The arrows are used to indicate the possible posmons that may be
taken up by an incoming group:




"'6 13 Plan.mng a Synthetlc Scheme

of various groups is very useful in: planmng the synthesis of
benzenes. In the synthesis of disubstituted ‘benzenes,

-determmes the posﬂ;on of i mcommg second subehtutent A few examples are gwen bel

M T R
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2.

If there is competition between an ortho - para group and meta directing

group, the op-director determines the erlentatmn of the incoming group For
example: '

Cl _ CH,

\.: | N " -
NO, P ~COOH

~ When two groups having about the same directing ability are in competition

with each other, the attacking electrophile may enter each of the ava,llable
positions giving all the four isomers in reasonabale proportions, e.g.,

H CHy - CHj

, _HNOg el O
@ H2804 ‘ | A4, | ‘
- 19% NO,. ° 48% . 21%

17%

- When two groups havmg about the same ablllty are present meta to each

other, substitution does not occur to an appremable extent between these"

groups if another p031tmn is open. This is because of greater steric hindrance
at this position due to the bulk of the substituents and the electrophile.

_If a meta directing group 1S mtuated meta to an ortho - para dlrectlng grouﬁ, |
‘the mcommg group goes mamly ortho to the m - dlrector

' Chlorlnatmn; - 1 " ,_”1. .
" | - 2 6) N
| maJer porduct minor porduct - .

A knowledge of the electropt:llic aromatlc substltutlon and dlrectwe 1nﬂue;1ce |

polysubstituted
the first substltutent present

.“ |

l,-"\.‘-.'L;H “‘L*-.
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1. Synthesis of p-nitrotoluene from benzene. Since the two substitutents are

' | ‘ 4 i ause the
para, 1t 1s necessary to introduce the op - directing methyl group first, becau t e
- 'tro group 1s meta directing. The p-ritrotoluene 1s separated from the op - mixture
b {ractional distillation.

e Hy - . CH,
‘ - CH, . (IP.
ALCT HNO, + H S0 /’“)
+ CHyCL - —-- e\
| -, - Toluene . orth-j) N 02
| | - par:

ntrotoluene

2. Synthesis of o - bromonltrobenzene from benzene. Since the two

substitutents are ortho. it 1 necessary to introduce the op - durceting Br first Hence
the obvious route to this bymhhm IS:

Br. &Y - ‘I3

j!' or . Bl

. s FeBr., . HNU
+ Br, —— 2 L

\TO

e. Tht, LUOH oY oup s iormed by
nit tOb( Nnzow acia hus two 1y -

added ﬁrst Whlh’-‘ the 0p dire

3. p-nitrobenzoic acid from toluen 0Xidaﬁ0n
of CH;. Since P - dir eerﬂ" gmupn, the NO, must be
cting ("—I; 1S still prwent

o-nitrotoluene..

RS trotoluene
sepai. md h om the op - ml‘(tme

(_.()QH

The para isomer 1S

?\r()-)

N() PTG e

4 m - nltrobenzmc A0 ld from tnlueno. Since t‘w substituents. are- meta, and
\4() g 13 mtmducvd when the m : dirceting COOH 18 present.

L]

. = e
PRIFRES T
I —
PRp—
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CH, COOH - COOH

KMnQO, H]\IO_}
).
Ht HQSOI NO

—

5. Meta-bromobenzene Sulphonic acid from benzene. Since the substitutents
are meta, the m -SO3H 1is introduced first, because SO-,H 1s a m - director. '

SOL,0H  S0,0H

H.,50, , I Br,,
< 'FeBhl' ”
_ 3

Br
6.14 Polyeychc Aromatlc Hydrocarbons

Amma*m hydr ocarbons containing more than one benzene ring 1n their

molecules are called polyeylic aromatic hydr .ocarbons. They may be divided 1nt0 two

main classes:

(1) ‘Polycyclic aromatic hy drocar bons which have isolated rings, e.g., b1phenyl
diphenylmethane. These are considered as phenyl-substituted benzenes and
methane and are treated like other bUb::-t]tuu_,d benzenes and methanes

o0

Dlphem melh mu

p 4

(1) Polycycllc aroma
‘carbons are fuse
- hydrocarbons,

d together are called fused or condensed ring aromatlc
e.g., naphthalene anthracene dl"d phen nithrene |

_ 7 L
6 3

. = 1 15 10 4 _
Naphthalene Anthracene " Phenanthrene

the JIUPAC system of nomenclature. nambers are esmgned only

Nomenclature. In
to those poeﬂ:wns of the fused ring aromatic hydrocarbons at which subs titution can
occur, as shown 1 '

system are usually deelgnated as v and [}, rebpertn ely

tic hydrocarbons in which Lhe behzene rings eharmg 2 ortho

n the above structures. Positions 1 and: 2 of the naphthalene ring




i

914 -* . R " ORGANIC CHEMISTRY

a-naphthol B-napthylamine 1,8-dibromonapthalene
1-naphthol 2-aminonaphthalene

| Br- - - |
. ' . : | 02H5
9—br0moanthraqene | l-ethylphenanthrene lorobiphen

‘Reactivity and Orientation in polycyclic hydrocarbon'_s , .
Naphthalene is a resonance hybrid of the following three canonical forms.
~All the three forms are equivalent and hence contribute equally to the hybrid.

sodium aﬁlalgam has no action on bénzene. ‘Naphthalene and other fused ring
compounds generally give. poor yields in Friedel - Crafts alkylation, because they
are so reactive that they,react with the' catalyst. These reactions also show that
~ ~naphthalene is more reactive thin benzene. _ -

In fused ring systems, the positons are fot equivalent and there is usually a
- preferred orientation. In naphthalene, the positon 1 is relatively more reactive than
‘the position 2. This can be explained in terms of the resonance structures of the
arenium ion formed by electrophilic attack at the 1 - positon as compa;:ed to the 2 -

‘position. ih .. | - - ’ S | YL

-
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attack at + > +
1-position — «—> —> >
+ _ '

Nonbenzenoid

15
etc

Benzenoid

-

| A H ~ ~_H A H
H '
_attack'at E B |
2-positi0n i ‘ E?E H > etc
+ - -

nonbenzenoid

It may be seen that for attack at 1 = poSition, two of the canonical forms of
the arenium 1ion h_av_e retained a benzene ring, while for attack at 2 - position only
one such form exists. Therefore, the arenium ion for the 1 - attack 1s much more
stable than that for the 2 - attack. Therefore, electrophilic substitution will occur
preférably at 1 - positon rather than at the 2-position. Arthracene is a resonance'
hybrid of four contributing <tructure and all are equivalent and Phenanthrene isa
' resonance hybrid of five contributing structures. Therefore, phenanthrene is more - -
stable than anthracene: . = '~ AL ; pitis AT
.-.“-""_3 T AVSRE) ST '

The four resonance contributing structures of anthracene show that the 1,2 -

I bond Should-'h'aVe 3/4 double bond character and should be shcrter than Ithe 2, 3
bond which has only 1/4 double bond character. This has been confirmed by X - ray

s In phenahtilreﬁe the 9,'-10‘ - bojndsl'millglﬁ héve 4/5 dQublebond-chéracfe; and
is comparable to, and shows almost the same reactivity as an olefinic double bond.
- * . ies of anthracene and phenanthrene are 351.0 kJ/mrti

ctively. If a reaction occurs at 1- or 2 - position of eitnsr

and 384.5 kJ/ mol, respectiy . ackion.0ce t1= or: ition
hydroca'rbon, it will de’stroy_the aromatic character of one ring, leaving the aromiuuc
; character of the *naphthallene ring system intact. In this iway: anthrzicene}w'ill”

 sacrifice 96.0 kJ/mol (351_.0 o 255) and phenanthrene will sacriﬁtélQS:_ﬁ ‘kd/mol
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(384.5 - 255.0) of resonance eﬁergy. On the other hand, if the reaction occurs at g _
or 10 positions, the aromatic character of one ring (1. e., central ripg) 1S destroyed}
leaving behind two benzene rings. In this way, anthracene will Sacrlﬁc.e 90.0 kd/mg)
(301.0 - 2 x 150.5) and phenanthrene will sacrifice 83.5 kJ/mol (384.5 - 2 x 150.5) of
resonance energy. Thus both hydrocarbons required to sacrifice less resonance
energy for a reaction at 9 - or 10 - position than at. 1- or 2- position. That 1S why
9- and 10- position.of ‘anthrancene and phenanthrene are more reactive than any
other positions - . | _

The loss of resonance energy of #benzene, naphthalene ph_enan_threne,
anthracene in a reaction is 150.5. 105, 83.5 and 50.0 kJ/ mole respectively

Therefore, the order of their reactivity is anthracene > phenanthrene > naphthaiene
‘and benzene * S '

6.15 NAPHTHALENE

‘Manufacture

1. From Coal tar. Naphthalerie_ is present to
middle oil fraction (195-230°
separated by centrifuging. The

HySO4 to remove basic

the extent of 10% in coal tar. When
C) is ‘cooled, 'naphthqlene._crystallises out. and is
crude naphthalene is melted and treated with conc.
impurities, and then washed with aq. NaOH to remove
phenols and exces_s HySO4 and finally sublimed to get pure napth

2. From petroleum. The middle o1l distillates of petroleum on catalytic cracking
- and. catalytic reforming give naphthalene and methylnaphthalenes. The

| 'methylnaphthalenés on heating to about 36009C'in,_th_e presence Of_-hydrogen are
dealkylate_d to give naphthalene_ - . | | _

alene (m.p. 80°C).

~ N : . ! \ 20l . | _
| ] ‘ﬁ | 2 ‘\ﬁ
! (JHQ--C/' tFI‘l@del--Cmf_tS' (le (Clemmensen -
benzene L (% - acylation) ¥. o102 .. reduction)
succinic anhydride COOH

- '3-benzoylpropanoic acid -

CH,, = A e
= ‘) . -—__-._-__-_1 )
- A B ~ (Ring Closure:

_Zn/Hg + HC]

(Clemmensen
100C-CHg Friedel-evafts - reduction)
H ~acylation) 0L |

4-pheny! butanoic acid l-tetralone
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Pd heat
»>
(AT unmtlﬂtlon]

Tetralin - Naphthalene

Proﬁerties

(Physical). Naphthalene s a colourless solid, mp 80°C, bp 213 C. It has a
familiar odour of moth balls. It 1s very volatile and sublimes slowly at room
temperature. It is insoluble in water and is soluble in ether and benzene. It burns
with a smoky flame. |

Electrophlhc Substitution Reactions of Naphthalene

1. Nitration. Naphthalene on warming with a mixture of conc. HNO

gives 1-nitronaphthalene as the major product.

‘ H zso

1 mtronaphthalene 9-nitronaphthalene
(95%) (5% )

3 and HoSO4

2. Halogenation. Naphthalene reacts with Cly and Br2 in CCl, solution without a
catalyst to form 1 - chloronaphthalene or 1 - bromonaphthalene

- CCly,
' '+_ Br2 Re_ﬂu)_c—)

3. Sulphonation Sulphonation of naphthalene at 80°C gives 1- naphthalenesulphonic

acid, whereas at 160°C gives 2-naphthalenesulphonic acid.  The reaction 1S
reversible. At high temperature the stable product 2-naphthalenesulphonic acid

dominates.

A SOsH  H,50, .
| 160- 170°C
2- naphthalenesulphomc acid L - 1- naphthalenesulphomc acid

4. Friedel - crafts Acylatmn Naphthalence reacts w1th acetylchlonde (or

benzoyl chlorlde) in the presence of AlCl3 at -15°C in CSZ solution to give
" mixture of 1 - and 2 - acylnaphthalene If mtrobenzene 1S used as solvent, 2 -
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acylnaphthalene is the main product.

COCH,

‘OCH3
CH3COCUA1013 A
. () | :
In CS,,-15°C

_ 1,4—dihydronaphthale,1_1é

Whén' substituted naphthalene
~ destroyed depending on the nature of the

1Ich 1s oxadized. . . A rIng which is more electron
rich 1s _ : - o H )i

- 3-nitrophthalic'acid' ;
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NH,, '

COOH
| COOH

Phthalic acid

a 6.16 Anthracene and Phenanthrene

Anthracene and phenanthrene are
hydrocarbons. In anthracene, three benzene rings are
whereas in phenanthrene the rings are fused angularly.

isomeric fused rIng aromatic
fused in a linear manner,

Isolation from Coal-tar. Anthracene and phenanthréne are present in the

anthracene oil fraction (bp. 300-350°C) of coal tar. When anthracene oil is cooled,
crude anthracene crystallises out which also contains phenanthrene. The crude
anthracene is washed with solvent naphtha which dissolves phenanthrene. The
remaining solid, anthracene is washed with pyridine to remove carbazole. Finally,
anthracene is purified by sublimation. Phenanthrene is recovered from its solution

in solvent naphtha.

Preparation of Anthracene and phenanfhrene

Both can be prepared by Friedel-crafts acylation reactions as shown below:

| O |
O T | -
1 C n
C\ AlClq | Conec. HQSO4
O + - —> =
C/ Heat | heat

B . ~cooH>
e, | o-benzoyl benzoic acid

' Phthalic anhydride -

NaBH,/C,H;0 BF; X

reduction

Anthracene

Anthraquinone _ | | |
Phenanthrene can be prepared by the Friedel - crafts reactions of naphthalene

with succinic anhydride as shown below:

S s
©©  GHaCyg AlCl Zn - Hg/HC
_ | ('?HT(I% # 1 Clemmensen

reduction
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Phenanthrene

Reactions. The greatef reactivity of 9- and 10-
Phenanthrene is seen in the following reactions:

1. Oxidation. Anthracene and

9, 10 - quinones.

position of anthracen'e and

phenanthrene are oxidized by KyCry,O- + HQSO4 to

9, 10 - phenanthraqu-irnione

phenanthrene are reduced by Na and ethano] to 9,

| H
9,10-dihydrophenanthréne |
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3. Diels - Alder Reaction. 9, 10 - positions of anthracene behave like a diene and
undergo Diels - Alder reactions as a diene. 0

] _ \bo
O 9,10-adduct
4. Electrophilic Substitution Reactions with anthracene and phenanthrene
occur most radily at 9 - position. Anthracene also frequently gives 9, 10

4

disubstituted products Some reactions are gwen below.

9- bmmoanthrdwne Br

9-10-dibromoanthracene
©© 9-br0m0phenanthi‘ene

Br

(1v) ©©© + HCN + HCl I———> ~ 9 aldoanthracene

SO3H

SO;H '
Ne @@ g = ©©
¥ at hlgh temp at low temp
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QUESTIONS
1. Write the structural formulae of the following compounds.
(@) m - Chloronitrobenzxzne (b) Picric acid
(c) Benzenesulphonic aicd (d) Resorcinol
(e) Bromobenzene (1) Catechol
(8) 0 - Toluidene (h) Meistylene
(1) 9 - bromoanthracene (j) Phenanthrene
(k) 3 - Phenylpentane () 1, 2- diphenylethane
- (m) Styrene (n) Anisole "
2. ‘

(b) - How will you bring about the lollowing conversions:
(1) Naphthalene —— o -a
(ii) Benzene. ———0 -

(111) N 1trobenzene —

minonaphthalene.

nitrotoluene

> m - dinitrobenzene

(1v) Benzene ———> Bcnzenehexachloride
4. (a) Explain the modern concept

(b) Explain: - (1) Formylation (11) Carboxylation (111) Oxidation

1) (P.U.1988)
Write detailed notes on the orientation and reactivity of g monosubstituted
benzene - P.U. 1989
Discuss the mechanism of aromatic electrophilic subst

(1v) Benzene sulphonic acid P.U. 1991
7 Why does benzene readily undergo electrophilic Substitutiopn reaction?
Describe briefly the mechanism of aromatijc nitration and halogenatijon. -
8 How is the structure of benzene explained by (a) Resonance (b) Molecular
) orbital method? . | |
9. How would you prepare the following compounds from benzene?
(1) Isopropylbenzene = (i1) Acetophenone

(1v) Benzyl chloride (v) Cyclohexane

(vii) Hexabromocyclohexane (viii) Nitrohexane ¢
(x) Maleic acid.

(b) Discuss in detail the follov'ving reaction
(i) Substitution - (11) Reduction
(c) Write the structural formulas of anthrace

s of naphthalehe;--
(ii) Oxidation, =~ .
ne and phenanthrepe. (P.U. 1988)
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11. (a) How is Anthracene prepared from coal tar and synthesized in the laboratory?
(b) Give the electrophilic substitution reactions of Anthracene with the

following:- |

(1) Bry (11) conc. H,SO, (i) CH3COClI (iv) HCN + HCl

(v) Na - Hg + alcohol (vi) K,Cr,07 + HySOy (P.U. 1989)
12.  Write resonance structures of naphthalene, anthracene, and phenanthrene.

Show why 1-position in naphthalene and 9, 10- -positions in anthracene and

phenanthrene are reactive.

13.  Discuss the mechanism of Friedel - crafts reactions. What are 1ts limitations?
14. What is aromaticity? Discuss Huckel rule for arematlclty

15.  How will you distinguish bétween ethy Ibenzene and o - xylene?

Hint: Ethylbenzene gives benzoic acid (mp. 122°C) on oxidation with KMnOy.

o - xylene gives phthalic acid (mp. 184 O).

16. Account for aromaticity observed in :
(a) 1, 3 - cyclopentadienyl anion but not 1, 3 - cyclopentadiene
(b) 1,3, 5 - cycloheptatrienyl cation but not 1,3 - cycloheptatriene

(111) Cyclopropenyl cation (iv) The heterocyclic pyrrole and pyridine.
17. Explain: all m-directors are deactivating (b) Most o - and p - directing

substituents make the ring more reactive than benzene itself - they are
activating. (c) the halogens are, op - directors but are deactivating.

18. Discuss the following reactions of benzene:

(a) Halogenation  (b) Nitration (c) Chloromethylatwn .

(d) Friedal-Crafts reaction (e) Gatterman-Koch reaction ( P.U. 1998)
19. How will you prepare the following compounds from toluene? (i) Benzoic acid

-(i1) Benzyl bromide -(¢) m-Nitrobenzoic acid - (PU 2000)

SHORT QUESTIONS -

1.. . Benzeneis a planar molecule with bond angles of 120°. All 6C-to-C bonds

have the identical length, 139 pm. Is benzene the same as 1 ,3,0—
| cyclohexatriene? |
Ans. No. The bond lengths in 1,3,0- cyclohexatnene would alternate 154 pm for

the single bond and 132 pm for the double bond. The C-to-C bond in benzene
is intermediate between a single and double bond. .
as a general name for monocyclic "
compounds  having alternating single :
brackets The benzene is [6] annulene _. |

and cyclooctatetraene is [8] annulene. Huckel’s rule predicts that annulene

2.  What are annulenes? P
Ans. The name annulene has been proposed @ |
and double bonds. The ring size of Benzene' Cyclooctatet
annulene is indicated by a number in [g] Annulene | y[B] lfn?lsl:::ne
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will be aromatic, provided their molecules have (4n+2) pi electrons and have
a planar ring. Thus, 16| annulene is aromatic whereas [8] annulene js not
aromatic.

3. What happens when sodium benzoate is heated with sodalime?
| 5 ' .
| CaO -
Ans. Bcenzene is formed: C-ONa + NaOH A @ + Na,CO,
1+

4, Is the benzonium ion,

Ce H5<£‘,I flat.

b

Aﬁs.. No. The C bonded-to E and H is jcetrahedralf

o. Why cannot 2-naphthalenecarboxylic be formed by - oxidation of 2.
- methylnaphthalene? -

Ans. Oxidation 1s an electrophilic attack and CHj is activa.ting'. O

The CHj;-substituted benzene ring is more susceptible to ~CH;
oxidation than is the side chain CHj.The product is a

qulinone.
q 0

qulnone

6. Use the Huckel rule to indicate whet
~aromatic or antiaromatic:

(a) Z/S\S . (b)-© . (c) | V (d) + -
+ H «= 2 # g

_her'the following planai‘. species are

(a) aromatic. There are two n electrons from each C=C and 2 from
pair on S to make an aromatic sextet. " ) *

(b) and (c). Antiaromatic. They have 4n(n=
are 6 m electrons. =~ = . E Te | |
7. | Explain'aromaticity and antiarmhaticity in terms of MO e

_ ; né'rgy levels.
Ans. Aromaticity is observed when all bonding MQ’s are filled and nonbonding

MO’s, if present empty or completely filled. Huckel’s rule arises from this
requirement. A species is éntiaromatic if it has electronsin antibonding MO’s
or if it has half filled bonding or nonbonding MO’s, provided it is planar.
8.  Explain: All m-directors are deactivating. R
Ans. All m-directors are electron-attracting ' and destabilize the
benzenonium ion in the transition state. They therefore dimi
reaction as compared to the rate of reaction of benzene, -

9. Explain: Most op—directing substituents make the 'ring more
- benzene itslf-they are activating.

an electron

1) 'elet:troins. (d) afomatic. There

incipient
nish the rate of

reactive than
Ans. Most op-directors are on balance, electron'donating. They stabilize the

_incipient benzenonium ion in the transition state, thereby Increasing the rate
of reaction as compared to the rate of reaction of penzene. For example, the
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ke adetakiithirinnire-tut- - o

ability of the —OH group to donate electrons by extended p orbital overlap

(resonance) for outweighs the ability of the OH group to withdraw electrons
by its induction effect.

10.  Compare the activating effects of the following op-directors.

—QH, ~0: and Oﬁ CH;. Explam your answer.
O

Ans. The order of activation is -0~ >- OH>- OCOCH;.The O, with a full

negative charge, is best able to donate electrons, thereby giving the very

E :
stable uncharged intermediate, X »=0. In OCOCHj,the C of the

H
0+ O— N
'C =0 has +ve charge and makes demands on the -O- for electron

density, thereby diminishing the ability of this “O- to donate electrons to
the benzenonium ion.

11. What are arenes?

Ans. Benzene derivatives with saturated or unsaturated C-containing side chains -
are called arenes. Examples are cumene or isopropylbenzene

CeH5CH(CHj3)y and styrene or phenylethene, CeHsCH = CH,.
12.  In monoalkylating CgHg;with RX in AlXzan excess of CzHgis used in

Friedel-Craft alkylation reaction. Explain.
Ans. The monoalkylated product, CgH;R, which is more reactive than CgHg 1tself

since R is an activating group, will react to give CgH Ry and CgH3R5 To
prevent polyalkylation an axcess of CgHgis used to increase the chance for

collision between R and Ce¢Hg and to mimimize collision between R’ ard
CeHsR.
13. The alkylatmn of CGH5OH and CGH5NH2 with RX in the presence of AlCl,

| catalyst gives poor yield. Explam | .
Ans. CH and NH, groups react with initially with AlCl; (the lewis acid) and

Inactivate the catalyst. That is why the yields of Friedel - Crafts reactlon with
phenol and aniline are very poor.

OH o AlCL,

O + AlCls ‘ > + HCl

14, CSH5N02, but not C4Hjg is used as a solvent for the Fnedel Craft alkylation
of CcHyBr. Explam |

Ans, CBHB. is more reactive then 0 H5Br and - would preferentlaliy undergo
alkylation. —NO, is so strongly deactivating that CeH;NO,

does not undergo
Friedel-Craft alkylation or acylatwn -
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15. Drew o conclusion about the stability and aromaticity of naphthalene from

the fact that the experimentally determined heat ot combustion is 255kJ mol ™

ring is less than the 150 kdJ mol ™ resonance_energy of benzene.

Ans. The difference of 255kJmol™ naphthalene’s resonance energy.
Naphthalene is less aromatic than benzene because a resonance energy of

- 127kJmol™" per ring is less than the 150kJmol ' resonance energy of
benzene. Naphthalene 1s more stable than benzene because resonance energy
of naphthalene (255kdJ/mole) 1s hlgher than the resonance energy Of benzene
(150kdJ/mecle). ' -

16. Why a methyl group 1S O-,p- dlrectlng and a mtro group is meta directing.

Ans. Methyl (or alkyl) group is electron-donating by inductive effect. When it is
substituted on benzene, it therefore, releases electrons and creates partial
negative charge at 2,4 and 6-position (ortho and para) at the benzene ring
through resonance (or hyperconjugation). o- and p-positions attract the
incoming electrophile, therefore, a methyl group is o-, p-directing. Nitro
group is electron withdrawing by inductive effect and produces partial
positive charge at 2,4 and 6-positions at the benzene ring due to resonance

which leaves meta position more susceptible to attack by. an electrophile.
Thus, a nitro group 1s meta dlrectlng

| - + | ny + | b"‘ +0
H—(‘S <> H (?O <—> H (I‘,=©—< >H C|3=®
17. Why a nltro group 1s both deactwatmg and meta d1rect1ng‘7 J '
Ans. A nitro group < has electron-

' withdrawing inductive effect as well @ .=N
as electron-withdrawing reéesonance 4

_effect, hence a-NO, group deactlvates

Inductn e,effeet | Resonance effect
~ the ring and is m-directing |

- 18 Explain why a chloro group 1s deactwatlng but o-, p d1rect1ng .
Ans. Chloro group has a stronger electron w1thdraW1ng inductive effect due to its
strong electronegativity which dominates

the electron—donating resonance effeet." @ ."'

Hence a chloro group deactivates the

ring due to overall electron withdrawing Indu(’twe efiect Reqonance effect
. ~ effect but remains o, p-directing due to electron donating "resonance effect.

19.  Explain why a hydroxyl group is activating but o-, p-directing?

‘Ans. In phenol, since O atom of ~OH group is more electronegative than C atom of

the ring, the —~OH group exerts an eleciron- W1thdrawmg inductive effect thus
deactivates it. At the same time a lone pair of electrons on O atom of the ~-OH
group 18 delocalized over. to the ring, resulting in an increase in electror

e
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| | 5 -+ 1hgl

density at the pgsitions 2,4 and 6, which are actually OH OH
ortho and para positions. Thus it activates through 5 5 5
resonance effect. Since the resonance effect of the - | @
OH group is stronger than its inductive effect, the | o 5 .

. . - = sonanc
net result is that -OH group activates the ring. Inéi#égve e;qug ot

Hence -OH group is activating, but o, p-directing.

Multiple Choice Questions

CH, . CH,

- i | | fuming HNOj3
1. Which is the major product of the reaction: | ‘ v

~ CH, NO, ° CH,
Ans:(d)
2. Which of the following functional groups is not ortho, para directing and
~activating? Soe L3e 3 Ssie Nt -
(a) -R (b)-OH - (c) -NR, (d) -COR ~Ans:(d)
3. If each of the following reagents are added to benzene only one of the them
would reacts. Which reagent is the one that would react? g
(a) 03/Zn,H+' T - (b) hot KMnO, solution ,
(c) cold Br,/CCl, solution | (d) HI = Ans:(a)
4. The nucleophilic aromatic substitution reaction that can occur on a benzene

ring 1s affected by the substituent group (s) present. Which one of the
following statements describes such a substituents group and its effects
(a) ~-COOH, electron releasing, activates the ring. ez by

:(b) =NO,, stabilizes carbanion, activates the ring.

(c) -R, destabilizes carbanion, electron withdrawing. FiPakg --

(d) -CHO, t_iestabilizes carbanion, deactivates ti'lE' ring. Ans:(b) _
D - Which of the following statements concerning the Friedel-Crafts. alkylation is

not correct? | & | . R

(a) It involves the use of a Lewis acid. _

Eb)) g: iI}IIVOIV?S th; iIllfircllduction of an alkyl group iIﬁto benzene ring h_

c) Both aryl and a halides may be us AT 20T (118 M o

o Dot co};n - y 02, sed ttj Initiate It.ihe reaction w;th the
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~ effect during substitution?

(a) -OH (b)-NH, (c)-CHy; (d)-CN ~ Ans:(d)
Which of the following is the most stable carbogation?
(a) CHY, (b) (CH3)3C* (c) @ () <)  Ans«(o)

+ ,
Which is the princip’al product of the given reaction?

e
" Cl Cl
Cl | Cl . .
(a) QCI | ﬁ (c) @ (d) @ " Ans:(d)

Which of the following 1s not an example of electrophlhc aromatic

- substitution

NO Br .
(a)© +HN02-——>© ‘¥ H,0 (b)© + Br2 Fe Br, @ + HBr
(c). O +0-15 cergely (d)© CH cm__>©*
2— » Lgalg e + ( 3)3 Ans-(c)

'The electrophlle in aromatic sulphonatlon 1S

(@HgS0, . (b)HSO; (SO0}  (q) SO ‘Ans:(d)

The nitrating specw-s in ar omatic nitration is: o “ingks Ty
(a) HNOg (b) NO3 (©NO; . (dNO,  Ans:c)
Which of the following is the most reactive hydrocarbon? =~ = |

. (a) Benzene . (b)Anthracene = - R R el
~ (c) Naphthalene: - (d) Phenanthrene TS -~ Ans:(b)

- Which of the following is the most stable hydrocarbon | _
(a) Benzene = (b) Anthracene = :

" (c) Naphthalene ~ (d) Phenathrene @ Ans:(d)
Which of the following can accomphsh Friedel - Crafts alkylatmn‘?
(a) CH,4CI - (b) kCHa)QCHOH e
(c) CH3CH = CH, ' (d) All of the given: _Ans:(d)
Which positions of anthracene and phenathrene are more reactwe
(a) 1-and 2 (b) 1-and 9- (¢)'9-and 19- (d) 2-and 9- Ans:(c)

Which of the following substituents present on the benzene rmg would not
lead to meta orientation with deactivation?

(a) —NO, (b) — OH (¢) -=CHO (d) COOH = AnS'(b)
During nitration, which of the 1"ollowmg can form more than one product 1N
significant yield? |

(a) p-nitrotoluene | ~ (b) Methoxyacetanilide

(c) p- dichlorobenzene (d) 1,3,5-tri chlorobenzene Hel Ans:(b)
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NH,,

18.  Select the correct product of the reaction: @ a((:l%[?ICI !

(a) o-chloroaniline (b) 2,6-dichloroaniline

(¢) 2,4,6-trichloroaniline  (d) p-chloroaniline Ans:(c)
19.  Which xylene gives 3 monobromo derivatives?

(a) ortho xylene . (b) meta xylene

(c) para xylene (d) All of the above | Ans:(b)

20. Which of the following is a key intermediate in the reaction:

@‘CHzCHa + Cly el CI—@—CH20H3
| ¥
(a)@- CHCH, (b) @—CHCHE,

Cl ' Cl A
(c) H)@— CH,CHj, | ‘ (d) H@-CHQCH3

2.  Which of the following reactions yield the indicated rompﬂund as a major

product
o _
(ﬂ.) .BI'Z (b) BI‘2
A]C]3 dal‘k
Br CH Br H
© /c=c( * Bra, >C=C( T @ e=c{ B H,,c c-H -

Ans: (d)
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