B enzene

[i]
[ii]

Aromatic Compounds : Main Source

Bituminous coal when subjected to destructive distillation in the absence of air [L000°-1200°C] the chief constituent
obtained is coal tar.

Fractional distillation of coal tar :  Different fractions are :

Fraction Temperature Main constituents
(a) Light oll 80-170°C Benzene, toluene, xylene etc.
(b) Middle oll 170°—-230°C Naphthalene,
(carbolic oil) Phenol etc.
(c) Heavy oil 230° 270°C Cresols, naphthalene
(d) Greenoil 270°—-360°C Anthracene
(e) Pitch Residue Carbon

Characteristic of Aromatic Compounds

Aromatic compounds contain high percentage of carbon. They burn with smoky flame,
Aromatic compounds have the cyclic system and contain (4n + 2)1telectrons [Huckel rule].
Wheren=0,1,2,3, ...cc.......

Dipropylcyclopropenium n=0 21e-electron
perchlorate

Benzene, pyridine, pyrrole, n=1 6TE-€lectron
Furan, thiophen etc.

Napthalene n=2 101e-electron
Anthracene n=3 14T1e-electron

Some Formulae of Benzene :

[a] Ladenberg’s prism formula : [b] Claus-diagonal formula : %

[c] Dewar’s parallel formula :

[d] Armstrong and Baeyer’s centric formula :

[e] Thiele’s formula :

Criteria for aromaticity :

Aromaticity means :

— Unusual stability :

Aromatic compounds are hightly stable, as they have low heat of hydrogenation and low heat of combustion.

Compounds Heat of hydrogenation Heat of Combustion
(K.cal./mole) (K.cal./mole)
Benzene 49.8 789.1

Cyclohexatriene 85.8 824.1
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— Substitution reaction :

Aromatic compounds although contain double bond but give electrophilic substitution reaction (nitration,

halogenation, sulphonation etc.)

— Resistant to oxidation :

Aromatic compounds are stable. Benzene ring is not affected by ag. KMnO,, HNO; etc.
Criteria : Mainly aromaticity is due to

[i] Resonance energy

[ii] Huckel rule

[iii] Cyclic clouds of delocalised Trelectrons

Few Groups

CgHg — [Phenyl] CgHsCH, —[Benzyl]
CgHsCH < [Benzal] or [Benzylidene] CgHsC =[Benzo] or [Benzylidyne]
CH; —CgH, — [0, m, p — Tolyl]
Few Compounds :
¢=CgHg—or @
Hydrocarbons :
¢—-CHg4 ¢—C,Hg ¢@-CH(CHy),
Toluene Ethyl benzene Isopropyl benzene
@-C(CHy), ¢—-CH=CH,
t—Butyl benzene Vinyl benzene (Styrene)
CHs3 CHs
CH;
CH3
(o-xylene) (m-xylene)
1,2-[ortho] 1,3-[meta]
CH
3 CHj
CH;
CH,
CHgz .
1,4-(para) 1,2,3-Trimethyl benzene
CHs CHg
CHs;
H;C CHs;
Hj 1,3,5-Trimethyl benzene
1,2,4-Trimethyl benzene [Mesitylene]
Benzene

[i] Discoverer : Michael Faraday
[ii] C-hybridisation : sp?

[iii] Geometry — Hexagonal

[iv] Bond angle : 120°
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[v] C-C Bond length : 1.39A
[vi] C—H Bond length : 1.09 A
[vii] Resonance in bezene:

Kekule Dewar

Resonance hybrid

[ixX] Number of angles of 120°: 18
[x] Localized and delocalized teorbital

Localized me-orbital Localized me-orbital
3
1 4
6
5
Partial overlapping Partial overlapping
of p—orbital .C4—C», of p—orbital C,—Cs3,
C3—C4 and CS_CG C4—CS and C1—CG

Obviously, each orbital formed in the partial overlapping is attracted by two carbon nucleus hence less stable.
Delocalized p-orbital :

& =

4.1 Methods of Preparation of Benzene :

[1] Isolation From ‘Light Oil Fraction — Industrial method :
In ‘light oil’, at least 60—-65% benzene is present. Alkaline impurities (aniline, pyridine, quinolene, etc.) are
removed by washing ‘light oil" with cold and conc. H,SO,,. The acidic impurities are removed by washing with
dilute NaOH solution. After that, NaOH is removed by washing with water. Three fractions are obtained at
different temperature ranges by fractional distillation of the neutral sample of oil.
[i] 90% Benzol (90’s benzol). 80-110°
[ii] 50% Benzol (50's benzol). 110-140° [iii] Solvent naphtha — 140°-170°
The 90% benzol contains about 70% benzene 24% toluene and remaining xylenes. Fractional distillation gives
benzene at 80°, toluene at 110° and a mixture of all the three xylenes at 137-145°. Crystals are formed on
cooling benzene from which pure benzene can be obtained by melting the crystals.
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[2]

3]

[4]

5]

[6]

[7]
(€]

[9]

[10]

4.2

4.3

43.1

Decarboxylation of Sodium Benzoate — Laboratory Method :
Benzene is formed on dry distillation of sodium benzoate with soda lime.

CeHsCOONa + NaOH 00 PPEEfIafio0n, ¢ H, + Na,CcO,
Reduction of Phenol :

CeHsOH +zn 0 PPHSI990, coH, +zno
Reduction of Phenol — Fisher Mehod :

CeHsOH + H, 0 M0, cHg + H,0
Hydrolysis of Benzene sulphonic Acid :

CgHgSO4H + H,O (steam) O [LTLE- CgHg + H,S0,

Reduction of Benzenediazonium Chloride :
CgHgN,Cl + C,H;OH ———— CgHg + CH3CHO + N, + HCI
Hypophoshorus acid (H;PO,) or sodium stannite (SnCl, + NaOH) or formic acid can also be,used for reduction
in place of ethanol.
CgHsN,Cl + H3PO, + H,O ———— C4Hg + H3PO3 + N, +HCI

CgHsN,Cl+2H O FIEPA. CoHg + N, + HCI

CgHsN,Cl + HCOOH ———— CgHg + CO, + N, + HCI
Hydrolysis of Phenylmagnesium bromide :
CeHsMgBr + H,0 ————— CgHg + Mg(QH)Br
Reduction of Chlorobenzene :

CgH<Cl+ NaoH + 2H 0 M0, (c H, + NaCl + H,0
Trimerisation of Acetylene :
3C,H, 0 M 3P, CgH
e DU, cov
Hydroforming of n—Hexane :

CHa(CH,),OHl5 1 PR IR, CoMHe +4H,

Physical Properties :

Benzene is a colourless liquid (boiling point, 80°), having a characteristic smell. It forms a colourless crystaline
solid (melting point, 5.4°) on cooling. It burns with smoky or sooty flame. Itis lighter than water (relative density,
0.8790) and is immiscible with water. Being nonpolar in nature. It is miscible with many organic solvents, like
alcohol ether, acetone, acetic acid, carbon tetrachloride, carbon disulphide, etc.

Reaction :

Benzene is a compound having very low reactivity, because it remains unaffected by many common reagents,
like HCI, KOH,"NaOH, KMnO,, K,Cr,0-, etc.

Benzene shows the following types of reactions :

[a] Addition

[b] Electrophilic substitution

[c] Oxidation

[d] Pyrolysis

[e] Pi complex formation

Addition Reaction :

Hydrogenation

[i] Catalytic Hydrogenation :

@ ajehugatel O

Benzene Cyclohexane
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4.3.2

[ii] Reduction with HI
Benzene on heating with conc. HI at 250° undergoes complete reduction to form cyclohexane.

Do O (Y

Benzene Cyclohexane 1o hylcyclopentane

[iii] Birch Reduction :
When benzene in ethanol solution is reacted with sodium and liquefied ammonia, then 1,4—cyclohexadiene is
formed. This partial reduction of benzene (dihydrogenation) is called Birch reduction or Birch reaction .

Hy O BRI Y.

1, 4-Cyclohexadiene

H Cl
cl Cl
H H
+3Cl, U Mo, cl cl
H
Benzene H
H Cl

Benzene hexachloride

Halogenation :

Benzene hexachloride is also known by many other.names-e.g., B.H.C., gammaxene, gammane, lindane
666 (triple six) and 1,2,3,4,5,6—hexachlorocyclohexane. It was found that the vy isomer is a very strong
insecticide and pesticide , hence the names gammaxene and gammane.

Ozonolysis :

O
| (CeHgOg)

O
o/ B_
0 (@)
+30;, —> o
O
Benzene ~N,
benzene triozonide

CH=0
CoHgOg +3H,0 —> 3 L _ - +3H,0,
Glyoxal
3H,0, +3Zn —> 3Zn0 + 3H,0

Electrophilic Subsitution :
A continuous Tt cloud is spread above and below the benzene ring. Due to this, an electrophile is attracted
towards the benzene ring. This electrophile removes proton (the weaker electrophile) and take its place in order
to gain greater stability and forms an electrophilic substitution product or SE product . This process is called

aromatic electrophilic substitution

E
‘B 2
s +H
Stronger Weaker
Benzene €lectrophile electrophile

Substitued benzene
(Sg product)

Nonaromatic intermediate carbocation formed in an aromatic electrophilic substitution reaction is known as
Wheland intermediate.
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Mechanism of Aromatic SE reaction :
H
H H
—>
Slow
H H
H
Cyclic secondary carboncation formed is satibilised by resonance.

E
H H\& H
—
H H H

Cycllc Secondary carbocation

I

—>
Fast

This is called as SE2 mechanism i.e.; substitution electrophilie.bimolecular reaction.

Halogenation :

@ (]
CI-Cl + AlICl; ™ Cl  + CI-AICl5
Chloronium ion
(<] ®
CGH5—H +Cl— C6H5—C| +H
Electrophile  Chlorobenzene
Nitration :

NO,

‘ <60D ‘ ‘ Fummg H SO, O
H H o N 1ooo O,N NO,

Nitrobenzene
m-Dinitrobenzene 1,2,3-Trinitrobenzene (TNB)

Sulphonation :

H,SO, <_—> SO, +H,0
(Conc.)

so3 +H 03H

Benzenesulphonlc acid

Friedel-Crafts Reaction :

Friedel-Crafts reaction involves replacement of hydrogen atom of an aromatic ring by a carbocation species
obtained from a compound in the presence of anhydrous aluminium chloride. Fridel-Crafts reaction is always
carried out in nitrobenzene (boiling point. 211°) medium and in the presence of anhydrous AICl.
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[i] Friedel-Crafts Alkylation :

CeHg +CHs —C1 0 Y4581, CgHg — CHa+ HC
Methyl chloride Toluene

CeHg +CoHs — CI 0 ('Y, CgHg — CoHg +HC
Ethylbenzene

CGHG + CH3CH20H2 —-ClO ﬁnﬁlch%lg_} C6H5 - CH(CHS )2 + CGHG - CHZCHZCH3
n-Propyl chloride Cumene (67%) n—Propylbenzene (33%)
A mixture of cumene and n—propylbenzene is also obtained on taking propylene in place of n—propyl chloride in
the above reaction.

n
2CgHg + CH,Cl, O CoHs — CH, — Cohls + 2HC
Diphenylmethane

n
3CgHg + CHCI; U q,@;‘h (CeHs)3CH  +3HCI
Triphenylmethane

3CgHg + CCl, I Q"@Cﬂ (CgHs )3 C — Cl+ 3HCI
Trityl chloride
[ii] Friedel-Crafts Acylation :

[a] Acetylation :
CgHg + CICOCH; [ APYd-f9sy . CeHsCOCH; + HCI
Acetyl chloride Acetophenone
CeHg*+ (CH3CO),0 [ AR9-ASla5. CgHsCOCH; + CH;COOH
Acetic anhydride Acetophenone
[b] Benzoylation :

CgHg+ CICOCgHs [ A4, CgH5COCEHs + HCI

Benzoyl chloride benzophenone

2CgHs + cleoch O AFYHSs1, CgHsCOCHs + 2HCI
Benzene Phosgene Benzophenone
(Excess)

[iii] Formylation, or Gattermann—Koch Aldehyde Synthesis :
HCI+CO 5 [H-CO-CI|

CeHg + H—CO—Cl 0 AMY4ATE. coHsCHO +HCl
Formyl chloride Benzaldehyde

The above conversions can be carried out by taking many other compounds in place of anhydrous AICl,, e.g.,
FeCl,, FeBr,;,'SnCl,, ZnCl,, BF,, etc.

8. Deuteration :
By using deuterosulphuric acid a hydrogen atom of benzene can be substituted by deuterium.
CgHs —H+D,SO, J§5» CgHs; -D +HDSO,
Deuterobenzene
9. Mercuration :
Benzene on heating with mercuric acetate forms Acetoxymercuribenzene.

CH,CO0N_

Hg + H—C6H5 _ CH3COOH +
CH.coo”” CH,COOHg-C4Hs
3 Phenylmercuric acetate
(Acetoxymercuribenzene)
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4.3.3
10.

11.

12.

43.4

4.3.5

4.4

Oxidation :

Catalytic Air Oxidation :

Oxidation of benzene by air in the presence of vanadium pentaoxide can be carried out as follows :
[i] At 300° — Phenol is obtained as the major product

H OH

+[O] 0 (Epso. @

Phenol

[ii] At 450° — Maleic anhydride is obtained as the major product.

0O

© +9[0] O g%%f@ | 9 +2co,+2m,0

Maleic anhydride

Silver Oxide Oxidation :
Mainly p-benzoquinone is formed when oxidation of benzene is carried out bysilver oxide and HNO .

@)
©+ 301 O Qﬂ@ﬂ» +H,0
(©)
p-Benzoquinone
Combustion:
2C6H6 + 1502 _ 12C02 + 6H20
Catalytic Pyrolysis :

When the vapours of benzene are passedthrough red-hot copper or iron tube at 600° bipheny! is formed.
CgHs—H+ H—CgHg ——— CgH;—CoHs + H,,

Tt Complex Formation :

A complex is obtained on heating benzene and chromic chloride with anhydrous AICI; and Al,O5 at 180°, which

on reduction forms dibenzeneghromium (CgHs),Cr.

<l
| o © .
2CHg + CrCly 0 Qﬁi& (CeHg)2 Cr ACl, [ Regueton Cr
A complex >

Dibenzenechromium

Dibenzenechromium is an organometallic compound.

Dibenzenechromium is a charge transfer complex or a T=complex or a sandwich compound. In this, electron
charge of Tt clouds of two benzene rings is attracted towards the d—orbital of chromium atom. Here benzene
behaves as a mbase.

Uses of Benzene :

[1] As an industrial solvent.

[2] In dry cleaning.

[3] As a constituent of power alcohol.

[4] In the manufacture of an insecticide and pesticide.

[5] In the manufacture of an explosive.

[6] In the manufacture of dyes.

[7] In the manufacture of medicines.

[8] In the manufacture of perfumes.

[9] In the synthesis of many aromatic compounds.

[10] As a fuel.
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Directive influence of substituent
(i) Directive influence of substituent ‘S’

@-S (Compound)

[i] S—Activates the benzene ring (Pumps in the electron density)
[ii] S—Exerts + M or + R effect

[iii] S—Either negatively charged or contains lone pair of electrons.
Examples :

—0-, NH,, ~OH, —OR, -R etc.

S S S
2E* E
]
—2H" *
E

ortho para
Supposing S = NH,
Lone pair of electrons present on the N—atom interact with delocalised p-orbital of benzene ring and increases
the electron density at ortho and para positions. Obviously the electrophile attacks at o and p positions.

Ciira [, R,
/1(—) Qb(——)@ etc
<}

Decreasing order of o—, p-directing strength :

-0~ >-NH, >-NHR >-NR, >-OH >-OR ; -NHCQ >-COOR > -R > Ar > -X

When an electrophilie attacks at ortho and para positions of Toluene, the cyclic secondary carbocation formed
is especially stable when compared with the carbocation formed by attack of electrophilie at meta position.

CH, CH, CH,
)4 H H
o Y —» Y
ortho +

(More Stable)
CH, CH, CH,
Y+
EEE— +—>
para (+)
H® Y H® Y

(More Stable)

CH, CH, CH,
4 +
am— H +—> H <+«——— eflc.
meta Y v
+

In Toluene thus attack of electrophilie takes place faster at ortho and para positions when compound with attack
at meta position.
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(ii) Directive influence of substituent ‘G’
-G (compound)

G—(m-directing)

[i] G-Deactivates the ring [withdraws electron density]

[ii] G-Exerts —M or —R effect

[iii] G—Either positively charged or electron attracting character.

Examples : —ﬁR3, -NO,, —CN, -SO,0H, -CHO, —-COOR etc.

mj:
E

-NO,, withdraws electron density from the benzene ring and makes the ortho and para positions as electron

deficient centres. Obviously electrophile attacks at m-position, since it possesses a relatively high electron

density.

]
N NV N

Decreasing order of m-directing strength :

o}
-NR3 >-NO, >-CN >-SO,0H >-CHO >-COR > +COOH >-COOR > -CONH, > -NHg
When an electrophilie attacks at meta position of nitrobenzene, the cyclic secondary carbocation formed is
more stable than the carbocation formed by attack of electrophilie at ortho and para position of nitrobenzene.

\+/
ortho
(highly unstable)
O O B
N+ N+ N+
N/ N/ N/
Y+
para +
H Y H Y
(highly unstable)

O \+/
@ @ — @H — @
meta
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6.2

Toluene, CGH;CH,

Methods of Preparation

From ‘Light Oil' Fraction — Industrial Method :

Toluene fraction can be collected by distillation at 110° after separation of benzene from 90% benzol.
By Hydroforming of n—Heptane:

Heavy metal CH;
CH4(CH,)sCH; 0 O Eigﬁg?] O +4H,

By Friedel-Crafts Methylation of Benzene :

CgHg—H + CI-CH, 0 T80, C4Hg—CH, + H-CI

By Wurtz—Fitting Reaction :

CgHs—1+ I-CHy 0 B8 M. CoHg<CH;
By Dehydroxylation of Cresols :

CHjz — CgHy — OH + zn [ PPAFS{IAPA) CH,—CH, +ZnO

Cresol (o, m or p)

By Decarboxylation of T oluic Acids:

CH3 — CgHy — COONa +NaoH T [ [ D 115 CH,-CHg +Na,CO,
Sodium toluate
(o,mor p)

By Hydrolysis of T oluene Sulphonic Acids:

Chg ~CgHy — SOgH +HOH 1§ L) {1~ CHy-Cehg + H,S0,
Toluene sulphonic acids
(o,mor p)
By Reduction ef Benzyl Chloride :
CgHs—CH,Cl + 2H——>CH;—CH3 + HCI

By Reduction of T oluenediazonium Chlorides :

CHz — CgHg —NoCl+2H —— CH—CHj + N, + HCI

Toluenediazonium chlorides

(o,mor p)

Ethanol, hypophoshorous acid (HzPO,), sodium stannite (SnCl, + NaOH) or formic acid can be used as the
reducing agents.
Physical Properties :
Toluene is a colourless liquid (boiling point 111°). It has benzene-like smell. Itis lighter than water and immiscible
with water. It is miscible with organic solvents, like alcohol, ether, benzene, etc. It also burns like benzene with

smoky and sooty flame.
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6.3 Reactions :
The following three types of reactions are shown by Toluene :
[A] Reactions due to benzene nucleus.
[B] Reactions due to methyl side chain.
[C] Reactions due to whole molecule (Combustion)

6.3.1 Reactions Due to Benzene Nucleus :

1. Catalytic Hydrogenation :
@—CH3+ 3H, 0 . <:>—CH3
Methylecyclohexane
2. Nitration :
H, H, H, H, CH,
NO, NO O.N NO,
o FerPe- O 0 ferPe- als g @
o L - e O o
o-Nitrotoluene
NO, NO NO,
p—Nitrotoluene 2 4—Dinitr0tzoluene 2,4,6—Trinitro toluene (TNT)
3. Sulphonation :
H, CH, H,
Conc. SOOH
GLEE (A ©
o-Toluene sulphonic
acid SO,0OH
p-Toluene sulphonic
acid
4, Alkylation :
H, CH, H,
CH,
ot )+ )
0-Xylene C|:H
p-Xylene
5. Free Radical Nuclear Additive Chlorination :
CeHsCHy +3ClL, OO, CeHsCHClg
Toluene hexachloride
6. Nuclear Electrophilic Substitutive Chlorination :

H, H, CH,
Ef’ Cl
s eNe

o-Chlorotoluene cl

p-Chlorotoluene

6.3.2 Reactions Due to Methyl Side Chain :
7. Free Radical Side Chain Substiutive Chlorination :

CoHs—CH3 0 [J#) ~ CoHs — CH,CI 0 [T%) ~ CgHs ~ CHC, [ [~ CeHs —CCly

Benzyl chloride Benzal chloride Benzotrichloride
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8. Oxidation :
Benzoic acid is obtained on oxidation of toluene by alkaline permanganate or acidified dichromate or
dilute nitric acid
CgHs—CH5 _ 3[0]—> C4xH;—COOH + H,0
If more than one side chain is present, then the same number of COOH groups will be formed for example,
phthalic acid is formed from o-xylene.

CH, COOH
0o

CH, 2 COOH
o-Xylene Phthalic acid

9. Etard’'s Reaction :
A complex is formed by the reaction of toluene and chromyl chloride in carbon tetrachloride solution. This
complex gives benzaldehyde on hydrolysis.
CgHs—CHg +2CrO,Cl,——>[C;H—CH(OCICI,0OH),]

[CsHs—CH(OCrCLOH),] 0 BH -, ¢ H~CH=O

6.3.3 Reaction due to Whole Molecule :

10. Combustion':
CgHs—CHg +90,————>7CO, + 4H,0
6.4 Uses:
[1] As a constituent of aviation gasoline.
[2] As a solvent.
[3] In the manufacutre of explosive.
[4] In the manufacture of dyes.
[5] In the manufacture of medicines.
[6] In the manufacture of perfumes.

[7] In the synthesis of many aromatic compounds.
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