Unit 2: Polynuclear Hydrocarbons

2.1: Introduction

Polynuclear hydrocarbons are a large gafuprganic compounds with two or more fused
aromatic rings. They have a relatively low solupiin water, but are highly lipophilic.. When
dissolved in water or adsorbed on particulate maittean undergo photodecomposition when
exposed to ultraviolet light from solar radiatiorhey may be broadly divided in to two ways
depending on nature of linkage between rings.

1. Isolated polynuclear hydrocarbons :The compounds in which the rings are isolated i.e.,
benzene nuclei are either linked directly to eatteoor through one or more carbon atoms. For

example diphenyl, diphenylmethane etc.

Biphenyl Terphenyl Quaterphenyl

Compounds with benzene nuclei linked directly

@CH2© (CeHs)3.CH CgHs -CH; -CH, -CgHs

Diphenylmethane Triphenylmethane Dibenzyl

Compounds with benzene nuclei linked through one amore carbon
2. Condensed polynuclear hydrocarbonsThe compounds in which two or more rings are
fused due to the sharing of two or more carbon atioyntwo or more rings. They are known as

fused or condensed polynuclear hydrocarbons, e.g.,

Naphthalene Anthracene Phenanthrene Acenaphthene
Condensed polynuclear hydrocarbons
The chemistry of isolated polynuclear compoundsrslar to that of simple aromatic
hydrocarbons. However, the condensed polynucledroegrbons like naphthalene e, anthracene
etc., differ considerably in their behavior frormgle hydrocarbons. The chemistry of some
representative members is being dealt in this enapt
2.1.1 : Naphthalene (GoHsg)



Naphthalene is the simplest example of a polycyaianatic hydrocarbon containing the

benzene rings fused in ortho positions. It wasalisced by Garner.

It is made from crude oil or coal tar. It is als@mguced when things burn, so naphthalene is
found in cigarette smoke, car exhaust, and smalka forest fires. It is used as an insecticide
and pest repellent. Naphthalene was first regidtaie a pesticide in the United States in
1948.

2.1.2: Source and its isolation:It is largest single compound present in coal-tais
obtained from ‘middle or heavy oil’ by chilling the fractions when naphthalene crystallizes
out. The crude naphthalene is separated by pressicgntrifuging. The resultant solid mass
is washed with hot water and aqueous alkali to kertcaces of oils and phenols. It is then
washed with dilute sulphuric acid to remove basipurities. Finally it is purified by
sublimation.

2.1.3: Method of preparation :It can be prepared by using following methods-

1. From benzaldehyde and ethyl succinate (Fitting rad Erdmann Synthesis): The
reaction of benzaldehyde and ethyl succinate inptiesence of basic catalyst like sodium
hydroxide or potassium tertiary butoxide followeyg dyclisation and isomerisation gives

naphthol which further on reduction with Zn dudbaded naphthalene.
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©7CHC_|)_ 1 NaOH Isomensatlon
Etooc” 2 H2504

Bezaldehyde Ethyl
succinate Keto form 1- naphthol
A lZn dust
Naphthalene

2. Haworth synthesis (1932) Friedel crafts reaction of succinic anhydridehalienzene in
presence of AlGlgives a ketonic acid | which is reduced to Il. This cyclisation gives

ketone Il which on reduction yields tetralin IV.eDydrogenation of tetralin gives

naphthalene.
o (0]
—_— —_—
Friedel crafts Clemmensen
- ; COOH
Benzene 5 reaction | COOH reduction I
Phthalic
anhydride Conc. H,SO,/- H,0 lecIisation
Pd/A @ Zn - Hg/HCl
OO dehydrogena’uon Clemmensen
reduction
Naphthalene

2.1.5 : Constitution or Structure of Naphthalene:
A] Analytical evidence: The structure of naphthalene was arrived at bywahg analytical

evidence.
1. On the basis of analytical data its molecular fdems found to be GHs .
2. Like benzene it is resistsnt to addition reactithhmigh less than benzene.

It resembles benzene in other chemical praggertlso and undergoes electrophilic
substitution reactions like halogenation, nitrateda., more readily than benzene.
3. Its nuclear substituted hydroxy derivative are miien in nature and amino derivatives
undergo diazotization and coupling reactions. Hgain shows it to be similar to benzene
the structure



4. Graebe in 1869 obtained phthalic acid (o-benzewarkbioxylic acid) on oxidation of
naphthalene with acid permanganate . This showadatHeast one benzene ring is present in

naphthalene and there may be two side chainshio @sitions to each other.

KMnO,/ H” COOH
C10H8 —>
Oxidation COOH
Phthalic acid

Hence the formula of the naphthalene may be writ (). The two side chains on the basis
of valency requirements must be highly unsaturatetiformula (II) may be suggested for it.

However ,such structure would be in contrast tovkm@romatic character of naphthalene.
Therefore, structure (Il) and related structuresmphthalene are ruled out.

5. Graebe further proved that naphthalene consistw@benzene rings fused in o-positions.
This was based on following experimental proof:

Naphthalene gave phthalic acid on oxidatitihen naphthalene was nitrated it yielded
nitrophthalene which oxidation gave 3-nitro plithacid. This showed that nitro group was
present in the benzene ring and side chains weidize. But when nitro group of nitro
naphthalene was reduced to amino group and thdtingslaminonaphthalene oxidized,
phthalic acid and not amino phthalic acid was ioleidh An amino group attached to benzene
ring is known to render the ring highly susceptibdeoxidative degradation. The logical
conclusion therefore could be that during the axalaof aminonaphthalene — it was the
benzene ring containing an amino group which wasrdged and the benzene ring present in
oxidation product phthalic acid is other than tvich had the nitro group. It was therefore
concluded that two benzene rings were fused irogpthsition i.e. naphthalene contained two
benzene rings. In oxidation of nitronaphthalenésonphthalic acid was obtained because

nitro group attached to benzene ring made thergagtant to oxidation.
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HNO,
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NO2 COOH NO, 2 COOH
(O] Reduction @e [O]
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COOH COOH
3 -nitrophthalic acid 1 -nitronaphthalene 1 -aminonaphthalene Phthalic acid

The above scheme clearly demonstrates the presence of two benzene rings fused in o-positions.

The structure (lll) was intuitively suggested by Erlenmeyer in 1866 and is known as Erlemeyer’s
structure of naphthalene.

B] Synthetic evidence: Synthetic evidence which support the Erlenmeyer’s formula for naphthalene,
some are given below:

a) If 4-phenylbutene-1 is passed over red hot eal@xide, naphthalene is obtained.

CuO
/ A

4 -Phenyl,1 - butene Naphthalene

b) Fittig’s synthesis Cyclisation of p-benzylidene propionic acid givesiaphthol which on
distillation with zinc dust yields naphthalene.

m -H,0 Isomerisation
C
HO™ SO o) OH

p - Benzylidene propionic 1 - naphthol
acid
lZn dust
Naphthalene

2.1.6 : Modern views about structure of Naphthalene Like benzene, the structure of
naphthalene can be explained on the basis of folgpwoncepts.
i) Resonance concept:Naphthalene is considered to be the resonance chydjrivarious

contributing structures of which following threeeamportant.
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Naphthalene is planar molecule. X-ray studies hadeated that all carbon-carbon bonds in
naphthalene are not equivalent. The-G; bond is having relatively greater double bond
character and is 1.36As compare to £C; bond having greater single bond character length
1.40A°. This is obvious, if we see the contributing stimes in which &-C, bond are double
bond in structures B and C and single bond charactide structure A. Thus it has a two-third
double bond character. On the other hagdC¢bond is a single bond in structures B and C and
double bond in structure A. Thus it has two-thirthte bond character.
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The resonance energy of naphthalene is 61 Kcadse $he resonance energy of benzene is 36
Kcals, the additional energy due to second benzermgis only 25 Kcals. This decreased
resonance energy is in accordance with relativedatgr reactivity of naphthalene.

1) Molecular orbital concept: All carbon atoms in naphthalene arespf hybridization state
and lie at the corners of two fused hexagons. Emehof the carbon atom is attached to two
other carbon atoms and one hydrogencHyonds formed by the overlapping of trigorsaf
hybrid orbitals. The unhybridizga orbital at each carbon overlaps with therbitals on its side
forming au electron cloud above and below the plane of thg containing all the carbon and
hydrogen atoms. The electron cloud has a shape of 8 and consists @partially overlapping
sextets-thus imparting aromatic character to nagdbtie. However, since a pair ofelectros is
common to both the rings, it has less aromaticagttar than benzene.lt must be noted that it

contains 18 electrons, a number for exhibiting aromatic chemaaccording to Huckel's rule.



Delocalisation of Pi electrons above and below
plane of ring Pi Clond

Unhybridized Pz orbitals

M.O. Picture of Naphthalene

The M.O,picture of naphthalene also explains ttiareaof substitution reactions. Since it has a
electron cloud on either side of the plane of ting,rit acts as a source of electrons and its
important reactions are electrophilic substitutieactions.
2.1.7 : Physical properties:Naphthalene exist as a colourless lustrous platep, 353K,
insoluble in water but soluble in alcohol, ethed d&@nzene. It has strong characterstic odour. It
is volatile and sublimes on heating.
Chemical properties : It resembles benzene in its reactions. Howevas, lihore reactive than
benzene and forms the addition and substitutiomlymts much more readily. It is also more
susceptible to oxidation and reductidrike benzene, it undergoes electrophilic substtuti
reactions and normally occurs more readily caposition than p-position. Because, the
carbonium ion intermediate formed by attackpeposition is less stabilized by resonance as the
benzenoid structure of both rings is distributedantributory structures.
Electrophilic substitution reaction: When electrophilic attack takes place at 1-aer
position and 2- op-position.

For substitution at a- or 1- position:
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1- substituted naphthalene

For substitution at g- or 2-position:

selidsorNee-Nooy
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Resonance stahlllsed mtermedlate cation i .
H

oo
2- substituted naphthalene

E" represents an electrophile and may be” @r . | ~in halogenation , N@ in nitration
SG; in sulphonation, R+ or RCO+ in friedel —craftsatian.

From a comparative study of resonance stabilizéernmediate carbocation of 1- and 2-
substitution, it is obvious that structures 1,1I,VII, VIII and XII are more stable because

they contain at least one benzene ring intact &4liee benzene has a large resonance energy).



Out of these four i.e. LIILVI and VII are involvedlring a-substitution while only two i.e.
VIII and XII are involved duringB-substitution. Consequently, the carbocation formed
during thea-substitution and transition state leading to tbatis much more stable than the
carbocation and the corresponding transition dtat®ed during theB-substitution. Hence

thea-substitution is the preferred orientation of sithtbn in naphthalene.

1. Nitration: Nitration of naphthalene with mixture of concenggnitric acid and sulphuric acid
yields predominantly thea-nitronaphthalene (95%) withminor amounts (5%) @f

nitronaphthalene.

NO,
H2804/ HNO3 N02
- *
A

Naphthalene a-nitronaphthalene B-nitronaphthalene
(95%) (5%)
However at higher temperature a mixture of 1,5-h@ddinitro naphthalene are formed
NO, NO, NO,
H,SO,/ HNO4
A
NO,
Naphthalene 1,5 dinitro 1,8 dinitro
naphthalene naphthalene

2. Sulphonation : Naphthalene can be sulphonated at 355K to yieldnlyainaphthalene
sulphonic acid whereas if the reaction is carrietiat 425K, 2-naphthalene sulphonic acid is the
main product. This is reversible. It has been shawat when 1-naphthalene sulphonic acid is

heated, it is highly converted in to the 2-isomer.



S0:H

Conc HyS04, 355K

o-isomer

- W Conc H,50,, 425K
Naphthalene
’ Conc H;50,, 425K “ “ .503H

f-isomer

3. Halogenation:Halogenation of naphthalene takes place very ngaditl no catalyst is needed
for the purpose. The reaction takes place almadusively at 1- positions. When brominated in
boiling carbon tetrachloride solution, naphthalgmees 1-bromo derivative in good vyield. 1-
Chloronaphthalene can be obtained either by repatiphthalene with sulphuryl chloride

( SGCI, ) in presence of aluminium chloride at 298K ordorination in the presence of ferric

chloride.
Br
Br,, CCly, A -
No Lewis acid needed OO
Naphthalene a-bromo naphthalene

OO Chlorination

Naphthalene a-chloro p-chloro
naphthalene naphthalene

1K

Naphthalene a-isomer B-isomer



4. Friedel crafts Reaction:Naphthalene undergoes friedel crafts acylationakgation gives
acylated and alkylated product.

a) Friedel crafts acylation: Acylation of naphthalene gives 1- and 2- acyl nhplene as a
product but their proportion depends on the solwes#d. For instant, acyl chloride in the
presence of anhydrous aluminium chloride in cantisnlphide gives 1- and 2-acyl naphthalene

in the ratio 3:1 wheras in nitrobenzene as theesulthe ratio is 1:9.

COCH;

Solvent: CS; or GG + COCH,
CH.Cly
Major Minor
CH;COCI
AICI;

CHLCO
Solvent: CgHsNOz COCH, i
- + P

Minor Major

b) Friedel craft alkylation: Alkylation of naphthalene gives a mixture @fand p-isomers is
obtained, their relative proportions depending lo@ teaction conditions and the size of alkyl
group to be introduced. Thus with gt mixturea-andp-methyl naphthalenes is formed, while
C,HsBr gives mainlyp-ethylnaphthalene and nz&;Br forms only B-isopropyl naphthalene,
with alcohols usually polyalkylated products arenied.



CH,

D+ (™

1 - Methylnaphthalene 2 - Methylnaphthalene

CH3l/AICI C2H5BI/AIC; C2H5

2 - Ethylnaphthalene
Naphthalene CH(CH3)2
n - C3H,Br/AICI,

2 - Isopropylnaphthalene

Y

5. Chloromethylation: Naphthalene on reaction with paraformaldehyde , rdgidoric
acid,glacial acidic acid and phosphoric acid giweschloromethyl naphthalene as the main
product (56%) together with 1,5-bichloromethylndgaiene.

CHyCI CH,CI
H3PO, OO + OO
4+ CH,0 + HCl ———
CH3COOH CH,Cl
Naphthalene 1 - chloromethyl 1,5 - dichloromethyl
naphthalene naphthalene
(major) (minor)

6. Reduction: Unlike benzene, naphthalene on reduction forms mundé products which
depends on reducing agents used .Naphthalene amcticed with Na in GHsOH ( Birch
reduction) gives 1,4-dihydronaphthalene, with sodin amyl alcohol at 405K gives tetralin and
with Pt/Ni gives decalin. Tetralin and decalin anelely used as solvents for vernishes, lacquers

etc.



OG Na, CsHy,OH H,, Pt or Ni
T AL405K A

Tetralin Decalin

Na, C;H;OH| A
351K

1,4-Dihydronaphthalene

H,, Pt or Ni

7. Oxidation: Naphthalene on oxidation with oxygen or air in theesence of vanadium
pentoxide catalyst forms phthalic anhydride .Incplaf vanadium pentoxide,Conc. Sulphuric
acid with mercuric sulphate can be used and inepiess of potassium permanganate in acid it
gives phthalic acid while with chromic acid in aceidcid gives 1,4-naphthaquinone

o 0
Vi 0,/V,0x CrO4/AcOH ! I
©= 773K ‘G ‘G 298K

Phthalic anhydride _ _
KMNO 4/H" 1,4 - naphthaquinone

COOH

: :COOH

Phthalic acid
2.1.8: Derivatives of NaphthaleneThe chemistry of derivatives of naphthalene is caraple

to the corresponding compounds in benzene seliles benzene, it forms a number of
derivatives. We will study here naphthols and nhplaimines which is widely used in dye
industry..

1. a-napthylamine: It is amino derivatives of naphthalene. It has t8omeric forms .i.e-
naphthylamine anfl-naphthylamine.It can be represented as,

NH,

2

a- or 1-naphthylamine p-or 2-naphthylamine

NH,



It can be prepared by following methods:
a- naphthylamine : It is prepared industrially by the reductioneehitronaphthylamine with

iron and water or HCI, it may also be prepared bgtimga-naphthol ( obtained from coal tar )
with NH3z and ZnC} at 523K.

NO> NH, OH
Fe/H,0 NH3/ZnCl,
_— > -
523K
a —nitronaphthalene o —naphthylamine a- naphthol

p-napthylamine:
B- naphthylamine is obtained industrially by the amma@lysis off-naphthol ( from coal tar ) by

aqueous ammonia and ammonium sulphite at 423K umassure.This reaction is known as

OH
NHg/(NH,),SO5 NH2
OO 423K, 6 atm.

a- naphthol B- naphthylamine

Bucherer reaction.

Naphthols: They are the nuclear substituted monohydroxy nabbties similar to phenols in

benzene series. The two isomeric naphthols are:

OH
B
a-or 1-naphthol - or 2-naphthol

It can be prepared by following methods,
a-napthols: They occur in coal tar. However, they are preparetlistrially by fusing the

corresponding sodium naphthalene sulphonates wathiusy hydroxide and acidifying the

product.
SONa o on A OO ONa i H,s0, OO OH
e —lli.
Fusion 573K
Sodium naphthalene Sodium salt of pathalene a-naphthol

sulphonate



They can also prepared by heating correspondingthglamines with dilute sulphuric acid

under pressure at 573K. This method is of speniglortance in he preparation of pure

NH, OH
A

a-naphthylamine B-naphthol
B-naphthols : It is prepared by alkali fusion of naphthaldhsulphonate.

GG 503_K+ 1KOH, 7 m
+

2H40
Naphthaleng-sulphonate p-Naphthol

naphthol.

¥

2.2 Anthracene , G4H1o:
Anthracene occurs in the coal tar distillation frac known as anthracene oil (Greekithrax

meaning coal ) or as green oil because of its daglen fluorescence. This fraction collected

between 543-633K contains phenanthrene and cadbbesldes 1 per cent anthracene.

Source and extraction:The anthracene oil is cooled and allowed to criséabver a period of
one week . It is then filtered and the solid knaagnanthracene cake’ is pressed free from liquid.
The cake is powdered and first washed with solvapththa to dissolve phenanthrene and hen
with pyridine to remove carbazole by dissolvingTlihe remaining solid is crude anthracene and
is purified by sublimation.

An earlier method is based on fusing anthracene wath potassium hydroxide, after removal of
phenanthrene, when potassiocarbazole is formeduamneacted anthracene is recovered by
sublimation.

Alternatively, after removal of phenanthrene tamaining mixture is oxidized catalytically by
air in the presence of X0s at 573-773K. Under these conditions carbazole osaietely
oxidized to CQ etc. and the anthracene to anthraquinone. Theaaptimone is an important
anthracene derivative used in dye industry.

Nomenclature and isomerism of anthracene derivative The positions of different carbon

atoms in anthracene are indicated by numbers akQ3etters as shown below:



9
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It is clear from these formulae that in anthracédmee different positions are available for a
substituent and therefore it gives three isomemmosubstitution products viz-or 1; - or 2-
andy- or 9- (or meso) . There are 15 possible disuliett isomers if the two substituents are
identical, if not, the number of isomers is stlider.

2.2.1: Structure of Anthracene
A] Analytical evidence:
1. From analytical data and determination of mdkecweight,the molecular formula of

anthracee has been found to he .

2. It readily undergoes electrophilic substitutreactions like other aromatic compounds. Thus it
is a typical aromatic compound like benzene andhtiegbene in structure.

3. Bromination of anthracene gives bromoanthrac&ighlosBr, which on fusion with KOH
forms hydroxyanthracene,1#8HiOH which on vigorous oxidation gives phthalic aedd o-

benzoylbenzoic acid, showing presence of at legtii@nzene ring.

o)
Fusion COOH COOH

Phthalic acid 0 - benzoylbenzoic acid
4. On oxidation with chromic acid, it gives anthraquinone whose structure has been established by its

synthesis involving friedel crafts acylation of benzene with phthalic anhydride to o-benzoylbenzoic acid
which undergoes acid-catalyzed cyclization to anthraquinone. Anthraquinone on distillation with zinc

dust gives back anthracene.

i ; I i
AICl c H,S0O4
COOCH
0]

. o 0 - benzoylbenzoic acid
Phthalic anhydride Anthraquinone

AZn/dusz/
Anthracene
D



All the above facts lead to the structure (I) for anthracene, a system of three benzene rings fused

0]
B] Synthetic evidence: The structure () for anthracene has finally beenficmed by its synthesis.

together in a linear fashion.

1. Friedel crafts alkylation between two molecwdébenzyl chloride gives 9.10-dihydroanthraceneckhi

is oxidized readily under the reaction conditioredding anthracene.

o™ 0 == [T = o

CIH,C 0]
2.This method is based on Elbs reaction in which a polynuclear aromatic hydrocarbon having an
anthracene moiety is formed by pyrolysis of a diaryl ketone containing a methyl or methylene group

ortho to the carbonyl group.

(;(COCH : A|C|3 “K‘ 683K

U]

C] Modern view:
1. Resonance concept: X-ray studies indicate that all carbon and hydrogen in anthracene lie in the same

plane. Like benzene and naphthalene, anthracene is believed to be the resonance hybrid of the

following contributing structures.
= = [ e
Lo -
LD« e O« 000

The resonance energy of anthracene is 84 Kcal. This is only 12 Kcal more the resonance energy of two
benzene rings (36 Kcal of each ) and hence anthracene is highly reactive. The greater reactivity of 9,10
positions forming a product with two benzene ring intact is also explained on the basis of reaction at any
other position will have a naphthalene system with lesser (61Kcal) resonsnce energy.

The above contributing structures also account for the fact C1-C2 bond distance have 3/4 double bond
character while C,-C; bond distance have % double bond character.



1.433A
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Bond character
Bond length

2. Molecular orbital concept: Each of the ten carbon atoms at the corners otwoefused
hexagons is linked to three other atoms througtrigenal sp>-hybridised atomic orbitals. Thus
all the ten carbon atoms and the attached hydrogerst lie in one plane as in the case of
benzene. Then there are ten singly occupied 2patgbione on each carbon at right angles to
the above plane. These orbitals form-alectron cloud above and below the plane of thg.ri
This n-electron cloud has the shape of numeral 8 afwrised by the two partially overlapping
sextets havings2electrons in common number of totaklectron in anthracene is 14 which is in
occordance with Huckel’s rule. Hence anthraceneb@sharomatic character. The M.O.concept
explains the planarity of all the ‘C’ and ‘H’,itswusual stability and also the fact that it acta as

source of electrons in electrophilic substitutieagtions.

Unhybridised Pz orbitals contain Delocalisation of Pi electrons
unpaired electron above and below plane of the ring

Molecular Orbital Structure of Anthracene

Synthetic methods:The synthesis of anthracene can be carried outllowing methods
(a) From benzene and methylene dibromide and acegme tetrabromide:

This method involving Friedel crafts alkylation lnénzene with either methylene dibromide

or with acetylene tetrabromide.



AICI3 [
O v mme 2[000 2

Anthracene
0+ 0= [O00 ) —CCC
I Anthracene

(b) From napthaquinone and 1,3-butadiene :
This synthesis consists in Diels-Alder reactionwssn naphthaquinone and butadiene

followed by oxidation of the intermediate with chme acid in glacial acetic acid to give
anthraquinone which on distillation with zinc dy'fﬂlds anthracene.

0
+ > DAreacnon Cfos
o]

Naphthaquinone Anthraqumone

|
CoC

Anthracene

2.2.2: Physical properties:lt is a colourless solid, m.p.489K, with a greefigue or blue
fluorescence. It is insoluble in water and spasirggiluble in organic solvents.

Chemical reaction: It resembles benzene and naphthalene in many ofiésnical reactions.

It is very reactive at positions 9- and 10.Elechitp substitution,such as halogenations or
nitration, preferably gives 9- or 9-,10-disustitlf@roducts. The greater reactivity of the 9,10-
positions is readily understandable if we consitier relative stabilities of the-complexes
formed as a result of electrophile attack 1-,2- @fgbsitions. The attack at 1- or 2- position
forms a carbocation having a naphthalene moietyedsethes-complex formed by attack at
9-position has two benzene rings. The resonanbdisgion in the latter will be more since

the total resonance energy of two benzene ringeemter than that of a naphthalene ring.
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H
a-complex for 1- and 2- substitution a-complex for 9,10-substitution
(a naphthalene ring intact ) ( two benzene rings i)

1. Reduction: When reduced with sodium and isoamyl alcohol irm® 9,10-
dihydroanthracene which on heating or on reactidh eonc. HSO, reforms anthracene.

H H
OOO Na/Isoamylalcohol
H H

Anthracene 9,10 - dihydroanthracene
Catalytic reduction (BHINi at 473-523K) gives tetra-, octa- and finallyrimgdroanthracene
(C1aH24).
2. Oxidation: It is readily oxidized with chromic acid to 9,10-arguinone
o
Nazcr207/stO4 O‘O
OOO [0] -
o
Anthracene 9,10 - anthraquinone

It adds one molecule of oxygen in the presencegbt to form a colourless peroxide.

J—o
o >

Anthracene Anthracene peroxide

3. Electrophilic substitution reactions: It undergoes electrophilic substitution reactioike |

sulphonation,nitration, halogenations etc.
I] Sulphonation: It reacts with HSO, to form a mixture of 1-and 2- sulphonic acids
SO3H

SO3H
SOGh
o *

Anthracene 1 -sulphonic acid Anthracene 2 -sulphonic acic

Anthracene
At higher temperatures the 2- sulphonic acid is the main product. However, unlike naphthalene, the
1-sulphonic acid of antharcene does not rearrange to 2- sulphonic acid. Sulphonation with

conc.H,S0, gives 1,5-and 1,8-anthracene disulphonic acids.



[l] Nitration: Anthracene on nitration with concentrated nitricdaia the presence of acetic

anhydride gives a mixture of 9-nitro anthracene @id-dinitro anthracene.

HNo3
OO AC,0,293K

Anthracene 9 - nitroanthracene 9,10 - d|n|troanthracene

[ll] Halogenation: Chlorination with chlorine in carbon disulphide wemt in cold gives

anthracene dichloride which on heating or treatmetit alkali yields 9-chloroanthracene.

= (L T D we™
—_—
PO®

H CI
Anthracene Anthracene 9,10 - dichloride 9 - chloroanthracene

9-chloroanthracene may also be obtained by heatintigracene with cuprous chloride in
carbon tetrachloride solution. Reaction of sulphutyloride with anthracene gives 9,10-
dichloro,9,10-dihydro-anthracene. Both 9-chloroamtkene and anthracene dichloride on
oxidation form anthraquinone.

Bromination in carbon tetrachloride follows the saroourse first forming anthracene
dibromide ( 9,10-dibromo-9,10- dihydro anthracenbiolw on heating yields 9-bromo

anthracene.

IV] Friedel craft acylation: Friedel crafts acylation of anthracene with atetjoride in
benzene or nitrobenzene gives a complex mixtureweder, the main product in
nitrobenzene as solvent is the 1-acetyl derivatihereas in ethylene dichloride it is the 9-
acetyl derivative.

COCH;4 COCH,4
OOO CH5COCI CH,;COCI
AlCI, O OO A|C|3
9 - acyl (C,H,Cl,) Anthracene (PhNO, ) 1 - acyl
Anthracene Anthracene

4. Formylation by Vilsmeier — Haack method Anthracenecan be formylated exclusively

at the 9-position. The reaction of anthracene Wimethylformanilide, also using



phosphorus oxydoride gives Anthracene-carbaldehyde ( @nthraldehyde is shown
below:

O 8]
= ;
1. POCI13, o-dichlorobanzene

S
O 940
+ +
2) sodium acetate / water [

Anthracene Anthracene 9-carbaldehyde

NH;

5. Diels-Alder reaction: Anthracene undergoes facile Didider reaction with malei

anhydride and benzyne to give -addition products.

@]
o] ]
heat
+ | 0 — o
! Sl

anthracene maleic 8,10-dhydro-
anhydride 9,10-ethanoanthracene-
11,1 2-dicarboxylic anhydrice

D.A.reaction
0+ QO -

Anthracene Benzyne Triptycene

2.3: Phenanthrene — Phenanthrene is a polycyclic arorc hydrocarbon composed of thi
fused benzene rings. The name phenanthrene is posite of phenyl and anthrac. It
provides the framework for the steroids. In itsgpform, it is found in cigarette smoke anc
a known irritant, photosensitising skin to liglt appears as a white pow. It is insoluble in
water but soluble in most organic solvents such awuene, carbon tetrachloride, eth
chloroform, acetic acid and benze
Nomenclature and Isomerism To indicate their positions, the ring carbon atoars

numbered as shown belc



Phenanthrene
It forms five isomeric monosubstituted derivatives, viz., 1,2,3,4 and 9-substituted phenanthrene. On

disubstitution, if the two substituents are same ,25 isomers are possible.

2.3.1: Synthesis of Phenanthrene Synthesis of phenanthrene can be carried out by
following methods.

1) Haworth synthesis:Succinoylation of naphthalene produces two isomiezio acidsp-
(1-naphthoyl) propionic acid arfd(2-naphthoyl ) propionic acid. These two isomeas be
readily separated. Clemmensen reduction afford$-naphthyl) butyric acid ang-( 2-
naphthyl)-butyric acid respectively. Acid catalysexyclisation gives 1-keto-1,2,3,4-
tetrahydro- and 4-keto-1,2,3,4-tetrahydrophenantreClemmensen reduction of either

isomer followed by aromatization.

] )
AlCI Al COOH
PhNO ) +
o)
1.Zn(Hg),HCl 1.Zn(Hg),HCl
2.H,SO, 2H,S0,

"\' X
“ig) HCI /
Zn(Hg),HCI
T ~—; OO

Anthracene




2) Bardhan — Sengupta synthesis|t consists in treating potassium salts of cycl@rone
2-carboxylic ester ( #-keto ester) with 2-phenylethyl bromiden@ followed by hydrolysis

and decarboxylation. The resulting ketone on redactorms the corresponding alcohol

which undergoes acid catalyzed cyclisation to atunexof octahydrophenanthrene and the

corresponding spiran. This mixture then aromatipgghenanthrene with selenium.

+
K
07 1.KOH
+ COOEt 2.HCl
Q/\ COOEt — 5
Br

2 - phenyl ethylbromide Na,
moist ether | 2P,0g

._©5)+EI5)

A spiran

Phenanthrene

3) Bogert — cook synthesis This method involves treatment of 2-phenylethyl mesjum
bromide with cyclohexanone and the tertiary alcodmlproduced is cyclized with,BOq( or

P,0Os) followed by aromatization.

@)
H 504
PN
—_—

2 - phenyl ethyl magnessium

bromide ‘ <—
OO Phenanthrene

4) pschorr synthesis: o-Nitrobenzaldehyde is subjected to Perkin reactwith sodium

phenylacetate to produce-phenyl-o-nitrocinnamic acid. Reduction of this caagives the

corresponding amino acid which is diazotized. Tésulting diazonium salt on treatment with



copper powder undergoes intramolecular phenylatiost probably via free radical intermediate
to produce phenanthrene-9-carboxylic acid whichheating strongly loses carbon dioxide to

give phenanthrene.

OHC
COOH
NO —
@7 2 4 ©—CHZCOONa Ac,0 O
—_— O
o -Nitro NO,
benzaldehyde
2.NaNO,,
1.Sn,HCI
H,SO,
COOH
COOH
OO 2 5y -5
Sl ®
O
Phenanthrene N3
HSO,
Exercises

[A] OBJECTIVE TYPE QUESTIONS

I] Select the most correct alternative from amondhose given below.

1................... is not a condensed polynuclear compound ?
a) Anthracene b) Naphthalene c) Biphenyl hlBrianthrene
2. Sulphonation of naphthalene withSO, at 425 K yields mainly..........
a) a-naphthalene sulphonic acid [Bhaphthalene sulphonic acid ye)naphthalene
sulphonic acid d) A mixture of all of these
3. The largest single compound present in’middiefraiction of coal tar is...................
a) benzene b) diphenyl c¢) Naphthalene B-daphthol
4.0xidation of naphthalene with,@n presence of ¥0s at 773K forms............
a) benzoic acid b) phthalic acid c) naphthagoe  d) phthalic anhydride
5. Bucherer reaction is used to prepare.................
a) B-naphthol b} naphthol cp-naphthylamine dp-naphthylamine
6. Which of the following exhibits Diels-Alder retamn?



a) naphthalene b) anthracene c) phenanthmnacenaphthene
7. Monohalogenation of anthracene gives................

a) 1-haloanthracene b) 2-haloanthracene @l&hthracene d) 9-haloanthracene
8. Anthraquinone when distilled with zinc dust farm......

a) anthracene b) dihydroanthracene c) pheremg¢hrd) anthraquinol
9. Phenanthreneis a......................... hydrocarbon.

a) polynuclear b) aliphatic c) alicyclid) mononuclear

10, i a-electrons present in anthracene.
a)l4 b)8 c¢) 10 d)12

11. Electrophilic substitution in naphthalene osconore readily at................... position.
a)a-  b)p- c) 8 d 8

12. Naphthalene is prepared from benzene and................
a) pyridine  b) phthalic acid c) smec anhydride  d) maleic acid
13, a-naphthylamine when trated with dilute sulphurideast 573K gives .......................
a)a-naphthol  bp-naphthol c¢) 2-naphthol d) phenol
14. Alkali fusion of naphthalene wifltsulphonate gives..........................
a)a-naphthol  bp-naphthol c¢) 2-naphthol d) phenol
15. Cyclisation of 0-benzoylbenzoic acid in pregeatsulphuric acid gives................
a) anthracene b}naphthol c¢) anthraquinone phnaphthol
16. Resonance energy of anthracene is ...............ccceeeennnn.
a) 84 KCals b) 61 KCals c) 36 KCa d) 48 KCals
17. Oxidation of naphthalene in presence of KMiges..................
a) 1,4-naphthaquinone b) phthalic anhydridephthalic acid d) anthraquinone
18. Catalytic reduction of naphthalene with Ni @ve.....................
a) decalin  b) tetralin  c) 1,4-dihydapithalene d) perhydronaphthalene
19. Bromination of naphthalene in presence of QiMes................ccoeeeeen.
a) 1-bromonaphthalene b) 2-bromottegdbne cp-bromonaphthalene
d)a-andp-dibromonaphthalene
20. Resonance energy of naphthalene is....................
a) 84 KCals b) 61 KCals «c¢) 364 d)48 KCals
21. 4-phenyl,1-butene is passed over red hot CUEBgL. ..........cccvveennnnnnn.



a) naphthalene b) anthracene c) pheramghr d) 1-naphthol
22. Fittig and Erdmann synthesis is used in prejparaf...........................
a) anthracene b) phenanthrene c) hafdrte d) 2-naphthol

Answer:

1. c) Biphenyl 2. Db) B-naphthalene sulphonic acid3. c) Naphthalenet.d) phthalic anhydride
5. a)B-naphthol 6. b) anthracene?. d) 9-haloanthracene8. a) anthracene9. a) polynuclear
10.a) 14 11 a)a- 12.c) succinic anhydride 13, a)a-naphthol 14. [)-naphthol

15. ¢) anthraquinone 16. a) 84 KCals 17. c¢) phthalic acid 18. a) decalin

19. a) 1-bromonaphthalen&0. b) 61 KCals 21.a) naphthalene22.c) naphthalene

[B] SHORT AND LONG ANSWER TYPE QUESTIONS:

1.What are polynuclear compounds ? How they assitlad ? Give examples of each group.
2. Discuss the constitution of naphthalene.
3. What is modern view regarding the structureaghthalene ?
4. How will you show that naphthalene has two bapzgéngs fused in o-position ?
5. Write note on:
i) Orientation in naphthalene ring system.
i) Electrophilic substitution reactions of rdpalene.
iii) Bucherer reaction
iv) Aromatic nature of naphthalene
V) Sulphonation of naphthalene
vi) Electrophilic substitution reactions of ardgbene
6. How camu- andp- naphthols and naphthylamines be obtained ?
7. In what respect anthracene and phenanthrenmbésbenzene? Explain why position 9,10
are reactive in them.
8. Give one synthesis for each one of the follgwin
i) Anthracene ii) Naphthalene c) Phenastibr
9. Explain whyu- position of naphthalene is more reactive tfgrosition ?

10.What product(s) are formed when naphthaleneasted with :



a) Ch/Fe  b) Cr@AcOH at298K c¢) Conc.}$0, at 355K  d) HNQ/ Conc.BHSO,
11. Describe the isolation of anthracene from taral

12 . How will be establish the structure of antlerse on the basis of analytical evidence ?
13. Write the resonating structures of anthracewenaphthalene
14. How will you synthesize- andB-naphthols?
15. Explain in Haworth synthesis, the clemmensencgon of the keto acid is essential before
cyclisation.
16. What are the methods used for synthesis ofgittbrene?
17.Explain anthracene is more reactive than najpgtba
18. Why the 9,10-position of anthracene are veagtiee ?
19. lllustrate the following:
i) Elbs reaction for the synthesis of anthracene
i) Bardhan-Sengupta synthesis of phenanthrene
20. Comment on the modern views about the naphtaatucture.
21. What are naphthyl amines? How are they prepa@ive their chemical reactions.
22. Why naphthalene is less aromatic than benzene
23. Give the oxidation and reduction reactioneagfhthalene.
24. How will you prepared naphthalene from berglajydle and benzene ?
25. How will you synthesize naphthalene ? Givelitsmical reactions with respect to
sulphonation, chloromethylation and friededfts alkylation.

26. What happens when anthracene reacts with:



i] HNG;,Ac,0 at 293K
ii] CH;COCI,AICI3, CH4Cl,
iii] Cl./CS
iv] CHCOCI, AICl;, PANG
27. How will you prepare phenanthrene by Haworticpss ?
28. Write note on :
i) Vilsmeier-Haack method

i) Diels Alder reaction in Anthracene.




