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Polycyclic aromatic hydrocarbons are referred to as polynuclear aromatic hydrocarbon, condensed ring aromatics
or fused ring aromatics. They are a class of organic compounds consisting of two or more fused aromatic rings. Two

aromatic rings that share a pair of cabon atoms are said to be fused.

Naphthalene Anthracene

sogese

Phenanthrene

All three of these hydrocarbons are obtained from coal tar, naphthalene being the most abundant (5%) of all constituents of coal

tar.

Naphthalene

Naphthalene is a bicyclic aromatic hydrocarbon in which two benzene rings are fused together at o-positions. Its
molecular formula is C,,Hg. It is obtained by cooling the middle and heavy oils of coal tar, whereupon naphthalene crystallises out.
The oil is pressed free from naphthalene, the crude naphthalene cake melted, treated with concentrated sulphuric acid (to remove
basic impurities), washed with water and then treated with aqueous sodium hydroxide (to remove acidic impurities). Finally,

naphthalene is distilled to give pure product. 2



Naphthalene isQo now being synthetically m&e from petroleum. Petroleum fractions are passed over a heated catalyst, e.g., at

') 680 °© and higher, naphthalene and higher aromatics are obtained.

) Passed over
Petroleum fractions »  Naphthalene + Methylnaphthalene
Copper catalyst
O at 680 °C

Structure of naphthalene

Naphthalene is classified as aromatic on the basis of its properties. Like benzene, naphthalene is unusually stable.
From theoretical stand-point also, naphthalene has the structure required for an aromatic compound. It contains flat six-
me:nbered rings and the structure can provide pi clouds containing six electrons- the aromatic sextet. Ten carbons lie at the
corners of two fused hexagons. Each carbon is attached to three other atoms by sigma bonds, since these sigma bonds result
from the overlap of trigonal sp? orbitals, all carbons and hydrogen atoms lie in a single plane. Above and below this plane, there is

dBloud of pi electrons formed by the overlap of p orbitals.




In terms of valegpce bonds, naphthalene is corf8idered to be a resonance hybrid of the three structures, I, Il & IlI. Its resonance

@ cnergy,as shown by the heat o’combustion is 61 Kcal/mole.
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X-ray analysis shows that , in contrast to benzene, all C-C bonds in naphthalene are not the same, in particular, the C1-C2 bond is
cor&iderably shorter (1.365 A) than C2-C3 bond (1.404 A). Examination of I, Il and Il structures shows that this difference in bond
lengths is to be expected. The C1-C2 bond has double bond characteristics in two structures and single in only one structure,
while C2-C3 bond has single bond characters in two structures while dound bond character in one structure. Therefore, it is

rsasonable that C1-C2 bond has more double bond character than C2-C3 bond.

For convenience, naphthalene can be represented as the single structure IV-

v

The positions in the naphthalene ring systems are designated asin |.



Structure eluciggtion of naphthalene o
o

@ 1. From the analytical data and molecular weight determination, the molecular formula of naphthalene is found to be C,,H,.

2. Naphthalene resembles benzene in its chemical reactions; it can be nitrated, sulphonated, halogenated, chloromethylated
@ke benzene. Its hydroxy derivatives also resemble phenols. Furthermore, it is stable and cannot be oxidised by nitric acid and
other mild oxidising agents. All these suggest a ring structure for naphthalene as for benzene. Erlenmeyer in 1866, proposed a

fused ring system for naphthalene as shown below-

T‘is is supported by the following facts-
l.  Oxidation of naphthalene yields benzene-1,2-dicarboxylic acid, phthalic acid.

COOH
Oxidation 0
Naphthalene ——— =

COOH O

This indicates that naphthalene contains at least a benzene ring with two side-chains or a closed chain at o-

positions. Thus, naphthalene is- C o O

C 0 O



II. On nitratiQ naphthalene gave nitronapithalene which on oxidation gave o-nitrophthalic acid. This indicates that the nitro

) group is in benzene ring and it is the side-chains which are oxidised. When the nitronaphthalene was reduced and the
corresponding aminonaphthalene oxidised , phthalic acid was obtained. The presence of amino group attached to the
nucleus renders the latter extremely sensitive to oxidation. Hence, the inference is that the benzene ring in phthalic acid

O obtained by oxidation of aminonaphthalene is not the same ring as that originally containing the nitro group in

nitronaphthalene, i.e. Naphthalene caontains two benzene rings in its structure. The above facts fit the following scheme-

HNO;

NO, NO, NH,
COOCH HOOC
€SOO 000
COCH HOOC

This structure of naphthalene has been confirmed by many synthesis.



(i) When 4—pher@ut—l—ene is passed over red hgt calcium oxide, naphthalene is formed.

() ™CH,

| —_— + 3H,

(ii) When 4-phenylbut-3-enoic acid is heated, 1-naphthol is formed and this, on distillation with zinc dust, gives naphthalene.

CH_ CH__
™XCH “H,0 “SCH Zn
L -
2 2
Hooc”” c”
OH

@)

(i o-xylene bromide combines with disodioethanetetracarboxylic ester to form tetrahydronaphthalenetetracarboxylic ester and
this, when refluxed in acid solution, gives tetrahydronaphthalenedicarboxylic acid. When the silver salt of the acid is heated,

naphthaleneis formed.

CH,Br CH,
- NaC(CO,C,Hs), ""‘C(COquH )2 i
n | 2LoHs), Acid
| 0]
NaC(CO,C,H;), C(CO,C,Hs),
CHEBI' ( 2v2 5);. CH; ( 5)
CH, _ o
CHCO,H  Agsalt
| S——
_CHCO,H
CH;



(iv) Haworth synthesis: Benzene is treated with succinic anhydride in presence of aluminium chloride, and the ketonic acid
produced is reduged by Clemmensen method. g he ring is closed by heating with concentrated sulphuric acid and the product a-
tetralone reduced to tetrahydr.1aphthalene by Clemmensen method. This compound is then dehydrogenated to naphthalenene

by distilling it with selenium.

Co CH,
. .
CH?CO\ AICl CHy  zn/Hg CH,
" | 0 | HCI
CHE ’ CH2
CH,CO HO,C” HO,C”
1,80,
[
CHQ\- CHQ
Se CH, Zn/Hg “CH,
CH, HCI CH
[ ) CHQ/ CO/ ?
(v) Fitting and Erdmann synthesis:

CHO cH,COOEt “Hy CH_

Ny LW —_— S

. EtONa CTCOEY vom ¢—CO.H
-H,0 CH 2. HCI CH
CH,COOEt 2 A -HC H,
2 EtO,C HO,.C” )
Heat |-CO,
CH_
1 S
“ Zn dust distl. Heat Cl‘H
CH,
HO,C”
OH 0



Reactions of n@thalene

‘i) Oxidation

O

(ii) Reduction

Naphthalene

Naphthalene

O

CrO3;/HOAc ]
——- 1,4-Naphthaquinone
25°C

O
COOH
KMnO, - Phthalic acid
H,S0,
COOH
O
————— O Phthalic anhydride
460-480 °C
O
Na/EtOH :
. 1.4-Dihydronaphthalene
78 °C or 1.4-Dialin
Na/CsH, 10___111 1,2,3.4-Tetrahydronaphthalene
132°C or Tetralin
H,/Pt or Ni
-z . Decahydronaphthalene

or Decalin



(iii) Electrophili@nbstitution: Naphthalene is rpore reactive than benzene towards electrophilic substitution. This is due to the fact
that the resonance energy of naghthalene is 255.2 KJ/mole which is much lower than the expected resonance energy of naphthalene

‘(Resonance energy of benzene X 2=150.6 X 2= 301.2 KJ/mole for the presence of two benzene rings in its structure.

Orientation in naphthalene nucleus is more complicated than benzene nucleus due to the presence of two nucleus.
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@t was observed that the resonance hybrid for a-attack contains 7 resonating structures while that for $-attack contains 6 resonating
structures. Furthermore, the former contains 4 structures containing benzene ring whereas the latter contains only two structures
withbenzene ring. Canonical structures with benzene ring are more stable than those without benzene ring, complex obtained for a-
at'ﬁ is more stable than complex obtained for B-attack. Therefore electrophilic substitution on naphthalene occurs mostly at a-

position.

In case of monosubstituted naphthalene, the predominant product for further substitution can be predicted by the

following empirical rules:

(i) An activating group such as Cl, Br, OH, CH;, NHR or NHCOCH, at 1-position directs an incoming electrophile to 4-position

preferentially and to a lesser extent to 2-position.

(ii) When OH, CH;, NHR or NHCOCH, group is at position-2, it directs the electrophile to take position-1. Introduction of —=SO;H group

is an exception, if the first group is at position-2, it normally enters at position-6.

(iii) A deactivating group such as —NO,, —SO;H at position 1 or 2 directs the incoming electrophile towards the second ring at

position 5 or 8.

(iv) If halogen or NH, is at position-2, then further substitution occurs in the second ring at position 5 or 8.



. . NO") 3 NO’)
(a) Nitration: O . o i
Conc. H,SO,/ Further
conc. HNO3 nitration n
) —s0°C Higher
Temperature
NO,

(b@alogenation:

Br

BI'QXCC].;‘
“*
Boiling

SO')C].')
25 °C

[
Br Cl

‘2BI'2/(CC].4
" Boiling

Br

H~,804
“T1e0°Cc

(d) Chloromethylation:

(c) Sulphonation:

+ CH,0 +HCl — ™ “
[

2S0,Cl,
—_—
100-140 °C
Cl
H,SO,
_—l-
80 °C

CH,Cl

SO.H



(e) Friedal-Craf@lkylation:

O

(f) Friedal-Crafts acylation:

COCH,
~ AlCl;, CH;COCl
 C.HsNO,

Me

Mel
- +
AIC,

Et

EtBr
AlCL o
n-PrBr
S ——
AlCl,

1-Pr

AlICl;, CH5COCI

CS, or C,H,Cl,

Me

COCH,



O Imnortant derivatives of Naphthalene

O
-Naphthylamine:
‘] P X NO, NH,

“ <

Fe/HCI

° ZnC 1,
250 °C
B-Naphthylamine:
HSO,™ NH;
. + NH; I R “/
S03 3Na
__NaOH _ _ NaOH _ H30+
300 °C
SO;H SO;Na
NaOH NaOH
300 °C

H~,804

Naphthol:

ON
Hgo—



Naphthoic acid:O COCH; COOH

1. NaOH/I,
. —i.
2.H;0"
Anthracene

8 9 1

7 2

°

6 3

5 10 4

Anthracene is a tricyclic aromatic hydrocarbon in which three benzene rings are fused together in a linear manner. It
iiobtained from the anthracene oil fraction of coal-tar by cooling the latter and pressing the solid free from liquid. The crude
anthracene contains phenanthrene and carbazole. The anthracene cake is powdered and washed with solid naphtha which
dissolves the phenanthrene and the remaining solid is then washed with pyridine which dissolves carbazole. The anthracene is
purified by sublimation. P
Structure of anthracene

Like naphthalene, anthracene is also classified as aromatic on the basis of its properties. It is also a flat struQure

with partially overlapping 1T clouds lying above and below the plane of the molecule. In terms of valence bonds, anthracene is

considered to be a hybrid of structures I-IV. Anthracene has a resonance energy of 84 Kcal/mole.

~~~~>
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Structure eluc@ion of anthracene
[ ]

1. Analysis and molecular weifht determination of anthracene show that the molecular formula of anthracene is C;,H,,.

2. Bromination of anthracene gives bromoanthracene, C,,H,Br which on fusion with potassium hydroxide forms

hydroxyanthracene, C,,H,OH and this on vigorous oxidation gives phthalic acid and a small amount of o-benzoylbenzoic acid.

1. KOH COOH 60]0)
Br, fusi O
Ci4Hjo = C,4HoBr > ;og_ C,,H,OH Ln-» + CE
- M3
C
O

COOH
Thisguggests that anthracene contains at least two benzene rings and that its skeleton is as shown.

3.  The presence of two benzene rings is confirmed by the fact that on fusion with potassium hydroxide at 250 °c, anthraquinone

(which may be obtained by direct oxidation of anthracene) gives two molecules of benzoic acid

. 1. KOH COOH
CHyp M Anthraquinone _»0c +
H,S0, 2.H;0™

HOOC

C

The above skeleton contains 14C atoms and to fit in 10 hydrogen atoms and retain the
quadrivalency of carbon, the middle ring must be closed i.e. a structure of anthracene which is

consistent with the foregoing reactions is three benzene rings fused together in a linear manner.



This structure o@thracene has also been estalglished by many synthesis.

° (i) By a Friedal-Crafts reactionQJsing benzyl chloride, 9,10-dihydroanthracene is formed which readily eliminates two hydrogen

atoms to form anthracene.

CH,Cl CH,
ol ISR OO
_|_
o

(i) Anthracene is also formed by Friedal-Crafts condensation benzene and methylene bromide or between benzene and acetylene

tetgabromide.

' CH,
, R LO OL
CH;
Br—CH—DBr
+ | + _ Al + 4HBr
Br—CH—DBr -

(iii) By heating o-bromobezylbromide with sodium, the product dihydroanthracene is converted into anthracene by mild oxid@ion.

CH,Br Br CH,
O
+ 4Na + —_— + 4NaBr L’-—
Br BrH,C CH O

e . O



(iv) When phth@ anhydride in benzene solut‘on is treated with aluminium chloride, o-benzoylbenzoic acid is formed. This on

heating with concentrated sulpfjuric acid at 100 °C forms anthraquinone, which on distillation with Zn dust gives anthracene.

CcO CO CO
O /O + —_— —_— -
CcO CO,H CcO
lZn
' (Y1

(v) 1,4-napthaquinone undergoes Diels-Alder reaction with butadiene to form 1,4-dihydroanthraquinone which on oxidation with

c'romium trioxide in glacial acetic acid gives anthraquinone. Anthraquinone on zinc dust distillation produces anthracene.

O @] @]
H,C
SCH C10; o
1 | —_— _— 2
CH
=
H,C* 0
@] @] O

Zn dust
distillation 0O

(J I ©



(vi) In this met naphthalene is converted in;o 1,4-naphthalene-2-carboxylic ester, and this is then made to undergo the Michael

condensation with acetoacetic@ster etc.

o
C

CO,C,H;

CHCOCH
CO,C>Hs

-C,HOH

co_
P
_CO

T
CO,C,H;

SO;H CN
NaCN H0O
R — —_—
CO,C,H;
- CH;COCH,CO,C,Hy C,HsOH
CszoNa H2804
co_
Ketonic ?Hz Zn dust
- —_—
hydrolysis ~CO Distillation
CH;

COOH

COOH

)



Reactions of anthracene

(i) Oxidation

Dil. HNO; or
O -

0]
(ii)Qduction

Ni., Hz Na, C2H5OH
- -
Reflux

(iii) !Iectrophilic substitution: In case of both anthracene and phenanthrene, electrophilic substitution most preferebly takes place

at 9 or 10 position. This is because the o complexes for attack at 9-position contains 2 benzene rings whereas an attack at any position
(1 or 2) forms a 0 complex containing a naphthalene moiety. The resonance energy of a naphthalene moiety being less than the

re?nance energy of two benzene rings, the 0 complex for 9-attack is more stable than the 0 complex for 1- or 2-attack.

E

sl “ Steptl “ 0
o



(a) Nitration: O
_HNO;
AC')O
[ ) at 15-20 °C

(b@lphonation: SO.H
803H
H,SO, in
HOAc (glacial)
oo RNRE
SO.H SO3H
Excess of conc.
H2804z"HQAc

(glacial)

Cl
C 1’)/ CS,or NaOH heat
807(‘17 O 0
X Cl or Br 0 O

i O

CuX,/CCly
X=ClorBr, heat o

(c) Halogenation:




CHO
(d) FormylationO
POCI,
+ PhN(Me)CHO ——» + PhNHMe
[ )

(e) Friedal-Crafts acylation:

RCOCI/Anhy. AIC l
in benzene

(iv) 9,10-alkylation:

o H ?Fa
Na/NH 3(1)
Heat
o
(v) Diels-Alder reaction:
e
| o

< 8]

— (LX) T
Heat

OO ' :




O Derivative of Anthracene- Anthraquinone
)

There are nine possible isome& quinones of anthracene, but only three are known- 1,2-, 1,4-, and 9,10-anthraqunine. The most

important one is 9,10-compound and this is simply referred as 9,10-anthraquinone.

. 0 S
00 T O

(] 9,10-Anthraquinone 1,4-Anthraquinone 1,2-Anthraquinone

Synthesis of anthraquinone

CcO CO
0 Q\MOAI%C[\O
co/ Co,
O

] 0
~ Na,Cr,0+/conec. H,SO,
o O
(@)

e . O




Reactions of anthraquinone

(i) Reduction

a
OH ONa
Zn dust or
Na,$,0, NaOH Exposed
to air
OH ONa

Anthraquinol
0 OH
Snw/HCI Dil. NaOH _
AcOH Isomerisation
Anthrone Anthrol
0]

Zn/HCl

O
OH
OH

Y

Bioanthryl

9.10-dihydroanthrol

HI at 150 °C

o

or zinc dust distl.



(ii) Nitration: 0 O NO, O NO, NO, O NO,

HNO3/H,S0, HNO;/H,S0,
- - +
0
0] 0 NO, O 0
(iii) S@wnation: 0 0 o)
SOs;H SO;H HOsS SO;H
o H.S,0- N
prolo_ngea :
heating HO5S
o 0 0]

160 °C| H,S,0,

HgSO4 & HzS 207

SO3H SOH O SO.H

SO;H
H,S 707
HgS 0y:
prolonged
heating

SOH O



@)
. . oH
(iv) Dye formatlon.O SO;H OH
“ NaClO,/ NaOH
200°C& pressurer
o
@)

O

O Alizarin

o
Phenanthrene a
o

Phenanthrene is a tricyclic non-linear fused ring system and an isomer of anthracene, C;,H;,. It occurs in the

anthracene oil fraction of coal-tar, and is separated from anthracene by means of solution in solvent naptha.

Struc‘.lre elucidation of Phenanthrene
1. Asanisomer of anthracene, the molecular formula of phenanthrene is C;,H;j,.

2. On oxidation with sodium dichromate and acetic acid, phenthroquinone forms which on further oxidation with dichromate and

sulphuric acid, gives diphenic acid HOOC COOH
Na,Cr,0, CUH.O N(—]JCI")O-; O
CiaHyo CH,CO,H e HaSO4
Phenanthrene Phenanthraquinone

Diphenic acid

l Soda-lime

3. This on distillation with soda lime gives diphenyl. " O O
[ )

Diphenyl



C C

4. The structure of two compounds are known,.therefore phenanthrene contains the skeleton I. Q O

0
° I

5. The structure | is equivalent to C,,Hg. Thus two hydrogen atoms are missing, these may be fitted in by closing the middle ring, i.e., a

(] II

po@ble structure for phenanthreneis Il.

This structure has been amply confirmed by many synthesis.
o
(i) By passing 2,2’-dimethyldiphenyl, dibenzyl or stilbene through a red hot tube.

HQC—CHE C

(ii) By cyclodehydrogenation of 2,2’-dimethyldiphenyl by means of sulfur.

Q ”S ‘ .+ o O

(iii) By treating benzil with aluminium chloride at 120 °C and then heating the product, phenanthraquinone with zinc dust-

0C—CO 0C—CO 0O
_Alcl;
T120°C



(iv) Pschorr synthgsks: This is carried out by heating o-nitrobenzaldehyde with sodium B-phenylacetate in the presence of acetic
anhydride (Perkin’s condensation),‘educing and di%zotising the product, a-phenyl-o-nitrocinnamic acid, and treating the diazonium salt

wifh sulphuric acid and copper powder. Phenanthrene-9-carboxylic acid is produced, and this on strong heating forms phenanthrene.

CH 2002Na C_CCOQH

O (CH;CO)0 G ()e;H™
(1) NaNO,/H,SO,
————CCOAH CH —CCOQH
N,*HSO, “Hso, ™ 04

The synthesis provides a means of substituted phenanthrene with the substituents in known positions.

(v) Haworth synthesis:

H,C

_CH, Ho
oc "‘(|3H2 "cl:Hg
CO,H CO,H 0

CH,CO AlCl; Zn/Hg
Tl 50 HCI

CH,CO -

H,S0, 0 _zwHg _ _PdC 0
HCI *



The Haworth synth is very useful for preparing alkylphenanthrenes with the alkyl groups in known positions, e.g., after ring closure of

the 1-derivative, 1—methylphenanth?ne may be obtgined by the action of methyl magnesium iodide on the ketone.

0
O 0 (1) CH;Mgl
(11) H,O

Positions of double bonds in Phenanthrene

]
Phenanthrene is best represented as a resonance hybrid of 5 resonating structures

G-O— G0~ GO0 30

Isomerism of Phenanthrene derivative

9 10 3
8 1 4
5
7 2 6
6 5 4 3 7 10
3 9

(3]

—_




Reactions of Phenacjurene

Phenanthrene is very reactive in the.‘) 10-positions.

_@®0s . CHO KMnO, COOH
(HHO CHO COOCH C‘H3CO~,H
o ‘



