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4.1.INTRODUCTION

Sulphur is known to form many organic compounds which may be considered as sulphur-
containing counter parts of compounds having oxygen. For instance thiols (R — S— H) are sulphur
analogues of alcohols (R — O — H) and thioethers (R — S — R’) are sulphur analogues of eth'e ot
(R—0—R). The chemical behaviour of these sulphur compounds is quite similar to corresponding
compounds containing oxygen. .

Sulphur (atomic number 16) lies below oxygen in the periodic table. Compared to oxygen, 1ts
atomic size is quite large. As a result, organic compounds which are sulphur-containing counterparts
of carbonyl compounds (i.e. compounds having carbon-sulphur double bond, C = 5) are not known
to exist commonly. This is due to the reluctance of large sized sulphur atoms to form 7t bond.s by
sideways overlap of its 3p orbitals with the p-orbitals of the other atoms. Thus sulphur atoms neither
form 3p-3p w bonds amongst themselves (remember that sulphur exists in cyclic Sg structure having only
o bonds) nor do they form stable n bonds with other atoms such as carbon by 3p-2p overlapping.

It may be pointed out, however, that some thiocarbonyl compounds such as thiocarbamides
do exist in a relatively stable form. This may be due to resonance which decreases the double bond
character of thiocarbonyl (i.e. C = S) group as shown below :

G i
de +
R-——C—/I:II—I2 «—— R—C=NH,

It is interesting to note that there also exist many organosulphur compounds containing
sulphur-oxygen bonds with large double bond character. Sulphoxides such as dimethylsulphoxide

(CH;), SO and sulphonic acids such as benzene sulphonic acid @—SOZOH are common

examples of such compounds. The formation of such compounds can be explained in terms of
pn-dn bonding as explained a little later by considering the structural features of sulphonic acids.

THIOLS

Thiols or thioalcohols are sulphur-containing counterparts of alcohols. They contain the group
— SH in their molecules and may be represented as R—SH. The prefix thio indicates that sulphur
has replaced oxygen of the alcohols.

Thiols react with mercuric oxide to form mercuric salts and are, therefore, also known as
mercaptans (mercurium = mercury ; captans = catching).

They may also be treated as alkyl derivatives of hydrogen sulphide and are, therefore,
sometimes referred to as hydrosulphides.

1.2, NOMENCLATURE

In the common system, thiols are named by adding the word mercaptan (as a separate word) to
the name of alkyl group attached to — SH.

. Inthe IUPAC system, they are named in the same way as alcohols except that the suffix used
is thiol (in place of -ol).

il




-
MODERN APPROACH TO ORGANIC CHEMISTRY (8.5¢. I0=KUMDUICINAS, SEIES T4 Y

1/2
n -
The common and IUPAC names of a few thiols are given below 9
Compound Common Name IUPAC Name
CH,SH Methyl mercaptan Methanethiol
CH,—CH,SH Ethyl mercaptan Ethanethiol
CH; —CH—CHj Isopropyl mercaptan Propane-2-hio)
H
CH,CH,CH,CH,SH n-Butyl mercaptan Butane-1-thio
O-SH Cyclohexyl mercaptan Cyclohexanethiol

also contain other functional groups of higher priority, — SH group is

In compounds which
It may be noted that — OH group is assigned higher priority than

denoted by the prefix mercapto.
__SH both in numbering and naming. Thus we have::
COOH
HSCH,CH,OH

2—Mercaptoethanol i
rcaptoethan SH
3-Mercaptobenzoic acid

1.3. STRUCTURAL FEATURES

Sulphur (electronic configuration 3s?, 3pf 3 3;7;, 3;7; ) takes part in the formation of thioalcohols
in sp3 hybridised form in the ground state. Two of the hybridised orbitals having one electron each
form o bonds with carbon and hydrogen respectively. The other two orbitals contain a lone pair of

electrons in each of them. Therefore as in case of alcohols, thiol

molecules also have bent structure although the C—S— H bond angle
is lesser than C—O—H angle in alcohols. For example, methanethiol

may be represented as: ,
Like alcohols, thiols are also polar compounds although the S ﬁ\
degree of polarity of 5—H bond is very low as compared to the high / \ H.C H
degree of polarity of O—H bond. This is because the electronegativity H 3
of sulphur is much less than that of oxygen.
1.4. METHODS OF FORMATION

Thiols may be prepared by the following methods of preparation :-

1. From alkyl halides. Thiols can be prepared by heating alkyl halides with excess of potassium

or sodium hydrosulphide.
R — X +KSH — RSH + KX

For example :
C,H;l + KSH — C,H;SH +KI

Ethanethiol
Mechanism. The reaction is a typical nucleophilic substitution reaction of alkyl halides with

hydrosulphide anion, SH.
o+ _ 0-

+ oo
RO + 3. o+
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-drosulphide is not used in excess ' ol e
{f hy e used in excess, considerable amount of thivethes ‘ “®
» further reaction as shown below : |
‘ . RSH + KSH === R&K* + t1.8
;' RSK'+RX —— RSR+KX
Dialkvl thivether

sodi v
rom sodium alkyl sulphates or p-toluenesulphonic esters. i
alkyt siphates 8

Thiols can also be prepared by heating sodinm hydrosulphiste with soddinm

genesulphonic esters.
For example :
l v
C;H5050;Na + NaSH—  C,H5SH +NaxSO,
Sodium ethyl sulphate Ethanethiol .

CH3_@‘SOIOC:H5+N‘\SH——~> CoHSH + «'n,\\ )>"*‘ it
t \ ' o

fthanethiol ¢ ium oluenesuly

s

=

tol

M
dhonade

!
LI
r thyl p-toluenesulphonate

) From alcohols
wer heatad thorid cetbalyst,

(i) By passing a mixture of alcohol vapours and hydrogen sulphide <
_ ThO,, 675K

ThO2. 675K
» CHACHACLLSHL RO

For example : CH3;CH,CH,OH + HpS ——
Propane- 1 thiat

(if) By heating an alcohol with phosphorus penta or tri sulphide.

f For example :

5C,H;OH + P2S5— 5C,HgSH + )04
Ethane thiol

agent with sulphur tollowed by hydrolysis

) From Grignard reagents. Reaction of Grignard re

also leads to the formation of thiols.
Ether : ! l»‘nr :
R—MgX+S§ — R — SMgX » RSH + My (OH) N

For example :
HAO

> CyHgSH 4 Mg (OH) Be

Biger > C:HSMgBr

CszMgBr +S
Ethane thiol

L
(5) From alkenes. Alkenes add on hydrogen sulphide to form thiols in accordance with

Markownikoff’s rule. For example,
NiS, 575K
Propene ‘ Propane-2-thiol
he presence of organic peroxide, however, anti-Markownikoff’s addition takes place.

L } :
msz;‘ Hydrolysis of thioesters. When hydrolysed in acidic or basic medium, thicesters vield
o (8 )
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O
4
R Jl R’ + HO 91-(1-1«!» RCOOH + R'SH

For example :

O
“or MY _
leCzl»lr, + Ho0 (—)u—"—iﬁ CH3COOH + CyHsSH

Cll’; .'—"J‘» 1y .
I"I‘lhyl thioacetate Ethanethiol

(7) By reaction between alkyl halide and thiourca_. Probably‘the best method for the laboratop,
preparation of thiols is by reaction between alkyl hfllldc and thiourea [(NH,), C = S], which mr}a
strong nucleophile. A nucleophilic substltuhop reaction l"akes pl.ace‘* to form an intermediate S-alky]
isothiouronium galt. This salt on hydrolysis with a base gives thiol in excellent yield. For example ;

1 el Y ) ) . 2 ) OH~
CH4(CH3,)yCHy —Br + 35 =C<N“ CH3(CH,),CH, —§=C< B (HOH

o) " DR .

“n-Butyl bromide “ NH, (i) H30

SAlkyl iso thiouronium bromide

/NHZ

CH3 (CHz)zCstH +0O=C
Butane-1-thiol \ NH,
Urea 2

A’). PHYSICAL PROPERTIES

(1) Physical State. Methanethiol is a gas while higher thiols are colourless volatile liquids at
room temperature. Lower members have extremely strong and offensive smell while higher members
have mild odour. (The odour of freshly chopped onions is due to propane-1-thiol while that of garlic
is partly due to prop-2-ene-1-thiol (CH, = CH — CH,SH)

Small quantities of ethanethiol are added to LPG to serve as odour based warning against leakage of the
qas.

(2) Boiling points. Due to lack of intermolecular hydrogen bonding in them, boiling points of
lower thiols are lesser than those of corresponding alcohols. However, thiols having eight or more
carbon atoms have slightly higher boiling points than corresponding alcohols. This is because the

molecular masses of thiols are somewhat higher than those of alcohols while the hydrogen bonding
in higher alcohols is not significant.

(3) Solubility. Thiols are practically insoluble in water. This is due to non-formation of hydroger
bonding between thiols and water.

\}G(‘CHEMICAL PROPERTIES

f

The chemical behaviour of thiols is, in general, similar to that of alcohols but ﬂ.‘e two C}aifre;i
compounds also differ from each other in certain respects. The differences in their behavio
essentially due to following reasons -

(i) Sulphur atom has larger size and smaller electronegativity than oxygen.

(if) Sulphur can be easily oxidised to higher oxidation states.

The important reactions of thiols are discussed below : . i consideratly

(1) Acidic nature. Thiols are weakly acidic in nature but their acidic ch:lge;c;g o
stronger than that of alcohols (e.g., Pk, of C,H.SH is 85 while that of C,H5;OH 1



1.17. SULPHONAMIDES §

Sulphonamides are derivatives of sulphonic acids in which —OH group of the sulphonic acig
has been replaced by —NH, group. Substituted sulphonamides carry the group —NHR or —NR, in
place of —NH,,.

For example:
Benzenesulphonamide N-Methylbenzenesulphonamide
1.17.1. PREPARATION

Sulphonamides are generally prepared by the action of ammonia on corresponding sulphonyl
chlorides. For example::

Benzene sulphonyl chloride Benzene sulphonamide

1.17.2 PROPERTIES

(1) Sulphonamides are well-defined crystalline solids and are, therefore, used to characterise
sulphonic acids.

(2) They are weakly acidic in nature and react with strong alkalies to form water soluble salts.
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For example : 6

SO,NH
@_ e A @-sozNﬁNzT + H0

Benzene sulphonamide
Sodium salt

(3) They are hydrol :
For examp]}; . ysed on heating with aqueous acids to form sulphoni

c acid and ammonia.

SO.NH H™, heat
2NHp + H)O —— @—SO3H +NH,

Benzene sulphonami
ide
Benzenesulphonic acid

1.17.3.USES
They are used as laboratory reagents and in the manufacture ofd

yes and drugs called sulpha drugs-

1.18. SULPHAGUANIDINE NH
/

NH,

Synthesis. It can be synthesised by the following methods
honic acid on

1) p-Acetamidobenzene sulphonyl chloride (obtained by the action of chlorosulp
Il\I H

l

acetanilide) is treated with guanidine (HyN— C —NH,) in the presence of 2-propanol ata temperature

below 253 K. The product formed is heated with a dilute mineral acid to hydrolyse the acetyl group

and get sulphaguanidine. -

H,N—C—NH,

CISO;H
cn,corN—<O) w5 cr,coNH—{(O)—80:C) ——pq

Acetanilide p—Acetamidobenzene
« sulphonyl chloride

/NH

NH
/ . > ‘@

N __HO HN 50, —NH—C

CHaCONH'@'SOZ Nig 2 : \NH

2 Sulphaguanidine 2

-Acetamidobenzene

sulphonyl guanidine I . )

i nzene sulphonamlde is first obtained by the action of chlorosulphonic acid
th ammonia. It is then heated with dicyanodiamine (i.e.

ed by reaction wi moria.
derivative is hydrolysed by heating with a mineral acid to

. get sulphaguanidine 561
O

CH;C
| Acetanilide p-Acetamidobenzene sulphonyl chloride
4 H,N—C—N HC=N NH
-Acetamidobenzene NHZ
sulphonamide lH;,O =
NH

AN

HzN@wz ——NH—C\
NH,

Sulphaguanidine
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Cyanoguanidine used in the reaction is a tautomeric mixture obtm
cyanarnide in the presence of a base.

H NH, :}“
2H,N—C=N — ¥, YN—C—N—C=

Cyanamide ‘
Uses. It is only sli
badillary dysentry.

H
ghﬂy absorbed in intestinal track and is, thereforel used in the treatment y
1.19. SYNTHETIC DETERGENTS

orld. However, 5

1I these deter
&€ non-polar hydroca s
ionic end that is water-soluble,

tbon end that 1 4

NaOH
"o CHa(CHa)oCH 080,15
1-Dodecano] -H0

H 3 (CH2)10 CHZOSOSNa’

2 Dod Lhydrogen sulphate ~-Hy0 Sodium dodecy] sy hate

(Lauryl alcohol) (Lauer;{ hydrogen sulp%ate) (Sodium laury} sulp%ate)
g hydrocarbon chain is evid

ently the non-polar end while the polar end is —

@ CHa(CHy)gcocr/a1c, | Zn—Hg/HCl
e N

CH3(CH.2)CO—@ —  CH;3(CH,)yj
Benzene -HQ "-Dodecanoy] benzene n-Dodecylbenzene

H,80,

NaOH 50;Na
o SR O)-som MO gy cary, (D)
— i

hona®
-H,O ; '[benzene SUIP
P-Dodecylbenzene sulphonic acid *" Sodium p-dodecy

OF SOAPS AND DETERGENTS
The cleansing action of

fa
. 3 moleaﬂes 0
S03p or detergents depends upon the presence in ?neér an ionic grovF
non polar hydrocarbon 8Toup which is oj] soluble (hydrophobic group)
Suchas —CO0, =-S0j or - SO3 which is water s

1.19.1. CLEANSING ACTION

large

oluble (hydrophilic group).



T ————
T ——s

—
The dirt is generally held to a dirty surface by a thin tilm of oil or grease which is \\m\rl§\\mx 5
When the dirty surface is placed in soap or detergent solution, the non-polar hyvdrocarbon ends of the

soap or detergent dissolve in oil or grease.
The ionic ends of the soap or detergent molecules are left projecting into the surroutuding water
around the oil or
her

layer (Fig. 1.1). Due to the negative charge of ions, an ionic atmosphere developes
an

grease droplets. Repulsion between similar charges prevents the oil droplets from coming top
and coalescing. The net result is that droplets of oil or grease get dispersed inwater to torm
emulsion and in this way dirt portion comes out and is washed away by water.

\

NON-POLAR
HYDROCARBON END OF
DETERGENT MOLECULE

POLAR
SULPHATE OR
SULPHONATE END

Fig. 1.1. Emulsifying action of soap.
Thus cleansing action of soap or detergent is fundamentally due to its property to actas an

-

emulsifying agent in the formation of emulsion of oil or grease in water.
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2.1. INTRODUCTION

Hete.rocych.c compounds or heterocyclics are ring compounds having atoms of two or more
elements in the ring (Greek hetero = different). Besides carbon atoms, the other atoms (called hetero
atoms) usually present in the heterocyclic rings are nitrogen, oxygen and sulphur although sometimes
rings containing other atoms such as phosphorus, boron, tin and silicon are also encountered. For

~ example, we have:

Do o0 g

H H

Pyrrole Furan Thiophene Imidazole Oxazole
e -~ N -

] ] SN
Pyridine Pyran Pyrimidine Pyrazine

2.1.1. Classification

Heterocyclic compounds are usually classified on the basis of size of the heterocyclic ring and
the number of hetero atoms present. The more important classes of heterocyclic compounds are as
follows :

(1) Five membered rings with one hetero atom. Pyrrole, furan and thiophene are examples of
this type of compounds.

(2) Six membered rings with one hetero atom. Pyridine and pyran are common examples of

this class of heterocyclics. .
(3) Five membered rings with two hetero atoms. Imidazole and oxazole afford examples of

~ heterocyclics of this type.

> BT T 2

e

(4) Six membered rings with two hetero atoms. Pyrimidine and pyrazine belong to this class

of compounds.
(5) Heterocyclic ring condensed with benzene ring. These are condensed ring heterocyclic
compounds made up of two or more rings, at least one of which must be heterocyclic. A few examples

of such heterocyclics are given below.

Benzofuran Indol Purine
CI 1)
N/ ~ZN
H
Quinoling |so- quinoline Carbazole

21
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(6) Non—-aromatic heterocyclics. All the examples of different types of heterocyclic compoundg
given above are aromatic in nature (as will be explained a little later). In addition to these, there ap,
heterocyclic compounds which may be considered as non-aromatic or aliphatic heterocyclics, Foi

example :
SN () 0 5
Pyrmroliding Tetrahedrofuran Piperdine Tetrahydropyran

2.1.2. NOMENCLATURE

Most of the heterocyclic compounds have, over the years, acquired common names, such ,
those used above, which have become very popular. However IUPAC has also adopted certain PUIeZ
for naming heterocyclic compounds. We are giving below a brief description of the IUPAC
nomenclature of monocyclic ring systems having one or more heteroatoms.

(i) The size of the ring is indicated by a stem.

(i) Derived from the stem is a suffix which depends upon the unsaturated or saturated natyre of the
ring and whether the ring contains nitrogen or not.

(ii1) Heteroatom present in the ring is denoted by a prefix.

The stems for rings of different sizes, corresponding suffixes (for unsaturated rings only) anq
the prefixes for different heteroatoms for 4-7 atom rings are given below in tables 3.1 and 32

respectively.

Table 2.1. Stems for rings of different sizes and corresponding suffixes for unsaturated rings only.

Ring size Stem Suffix (unsaturated rings only)
Rings containing Rings not containing
nitrogen nitrogen
3 —ir- —irine - irene
' 4 -et- - ete -et
E 5 -ol- —-ole —-ole
' 6 -in- —-ine -in
7 J =£P— — epine - epin =
Table 2.2. Prefixes for different heteroatoms
! Heteroatom Prefix
Oxygen Oxa
Sulphur ’ll;hla
see P}fca)spha
ggf:rfhom o ——
. i
ombining the prefix and the suff

() The complete name of the heterocyclic compound is ;uritten byc
In doing so, the terminal “a” of the prefix is generally dropped. takes precedence over S
(v) In rings containing two or more different heteroatoms 0xygen

sulphur over nitrogen both in naming and numbering of atoms.

lphur and
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A few examples of TIUPAC names of different compounds are given below. 1 }
a3} 4N
DO QL L
E o s SN o] s
Azole Oxole Thiole Azine Oxazole ~ Thiazole

Derivatives f’f heterocyclics. In naming the derivatives of simple heterocyclic compounds, t}m
ositions of substituents are denoted by numbers (or less commonly, by Greek letters) The numbcrmg
. done in such a way that the hetero atom gets the lowest number and further numbering is contintied to

it g !
give the substituents or other heteroatoms the minimum number possible.An important exception to
s rule 15 isoquinoline in which heteroatom does not get the lowest number as shown below.

thi
(B4 3(B) 4 5 4 5 4
sl Vo “”5@3(5) 6 S i
0 (06l H2 (@) 7 J2 7 _N?
1 8 ql 8

Furan Pyridine Quinoline Iso quinoline

The chemistry of heterocyclic compounds may resemble that of aliphatic or arom
dependmg upon the extent of unsaturation present. In this chapter we shall be mainly conce
with the chemistry of heterocyclics which exhibit aromatic character.

FIVE MEMBERED HETEROCYCLIC

The sinr.lplest five-membered heterocylic compounds are pyrrole, furan and thiophene, each of
which contains only one hetero atom.

We begin the study of these compounds by first taking up their structures.
2.2.STRUCTURES OF PYRROLE, FURAN ANDTHIOPHENE : AROMATIC CHARACTER

Pyrrole, furan and thiophene have the molecular formulae C,H:N, C;H,0 and C 4H4S
respectively. Keeping in view the tetracovalency of carbon and the valency of the hetero atom present,
they may be represented by diene like structures as shown below.

o 0 0

Furan Thiophene

atic compounds
rned

Pyrrole

s should exhibit the reactions of a conjugated

According to the above structures, these compound
(in case of furan) or a thioether (in case of

diene and of an amine (in case of pyrrole), an ether
thiophene).
In . have, no doubt, some tendency to undergo the expected reactions such

actual practice they ha they have considerable aromatic character and they

as addition reactions. But, at the same time, . omal 1
undergo electrophilic substitution reactions such as halogenation, nitration sulphonation and
Friedel-Crafts reaction and even coupling with diazonium salts. Moreover, heats of combtjie,tlon of
these compounds indicate that they are resonance stabilised to thelz extent of 65-125 K] .mol . These
values, though somewhat lesser than that of benzene (15_11 k] mol™), are quite substantial and much
greater than that of conjugated dienes (about 12.5kJ mol™). . . |
Itis evident that the extra stabilities of pyrrole, furan and thiophene rings and their aromatic
character cannot be justified in terms of structures g1V

en above. Let us, therefore, approach the
Problem from molecular orbital and resonance points of ViEW.
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2.2.1. Structure of Pyrrolo \ L
; won stated above
has already been statc . r e vk
“ ! mula C JHN) exhibits considerable .num{:lu (,h'.udctcr.md i
tions m‘:(l even coupling reactions with diazonium salts,

(/) Pyrrole (molecular for

; : ' reac

clectrophilic substitution o j

(1) 1t i resonance stabilised to the extent of about 100 kJ mol™ as compared to 151 K m-
benzene and only 12,5 kJ mol For conjugated dienes,

' ' role lacks basic character and is practically neutral,
(itf) Unlike amines, pyrrole lncks basic character P y

n

for

onsistent iene structure given above.
These observations are not consistent with the diene struc £ i

Molecular orbital structure. According to molecular orbital concept, .the carbon and nitmgen
atoms of pyrrole constitute a flat pentagon in wh'ich b()!h carbon. and mtrolger? atoms are i (2
hybridised state. Carbon has got three sp? hybrid orblta!s hzn{m;? On‘c electron cach ang an
u'lv\hyln-i(limrd p orbital, perpendicular to the plane of the hybrid orbitals, also having an odd (jlectron,
Similarly nitrogen has three sp? hybrid orbitals having one electron each and an unhybndised,J

orbital, perpendicular to the plane of hybrid orbitals, having a pair of electrons. Both carbop and

nitrogen use their sp? orbitals to form C~H, N-| I, C-Cand C-N o bonds. Naturally all these bonds
lie in the same plane so that pyrrole is a flat molecule.

There remain now the unhybridised p orbitals of the four carbon atoms, each having one,
electron and the unhybridised p orbital of nitrogen having two electrons. These p orbitals overlzp
one another sideways (Fig, 2.1 a) to form a cyclic delocalised n molecular orbital containing six
clectrons and embracing all the five atoms of the ring. The delocalised electrons are present in the

form of two = electron clouds, one above and one below the plane of the ring as shown n|
Fig, 2.1 b,

(a) Sideways overlap of p-orbitals
of carbon and nitrogen

(b) m-Electron clouds above
and below the plane of the ring

Fig. 2.1. Molecular orbital
It is the presence of these

Huckel’s (4n + 2)  eloctron rule,
pyrrole.

picture of pyrrole. )
elec.tron clouds of six delocalised electrons, in accordanc® :;laf :
which is responsible for the stability and aromatic chara

|
|
It may be noted that nitro i . Jectrd" |

gen had to contribute b : nof € 1
cloud. Therefore, nitrogen s not left with oth the p electrons in the formatio

Chr i” |
; any unshared electrong i ith acids. As SY ‘
contrast lo amines, pyrrole hag very little basic character., ionshatle i

Since ¢

ach carbon atom contributes o
contributes two electrons, the electron dengj
than that in case of benzene, Therefore,
it undergoes reactions like nitrosation an

Lti:l})slilutcd. benzenes such ag phenols

|
|
i
i
|
f
i
I
¥

n
1. nitrogt
ne electron towards the electron cloud while ™ eatd!

ty at the carbon atoms of pyrrole ring is somew};ae:,e. m
Pyrrole is more susceptible 1o electrophilic attack than benzer’. el

. 4 ¢
d coupling with diazonium salts which are given only by ?
and amineg,
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Resonance s@cm. In terms of resonance theory pyrrole is considered to be a resonance hybrid
o following contributing structures with a resonance energy of about 100 k] mol. ; -

(oG~ —¢

N
H

It may be seen that in contrast to benzene which has two contributing structures, which do
any carry any charge pyrrole has only one contributing structure without involving charge
Separation. In other words, pyrrole has only one relatively more stable contributing structure as
against two in case of benzene. That is why resonance energy of pyrrole is much lesser than that of
benzene.

Measurement of bond lengths lends support to the resonance hybrid structure of pyrrole. Thus
the carbon-nitrogen bond length in pyrrole is 138 pm or 1.38 A which is much shorter than carbon-
nitrogen single bond length of 148 pm or 1.48 A. This clearly indicates that carbon-nitrogen bond
in pyrrole has got some double bond character. Studies involving measurements of dipole moments
and UV and PMR spectra further confirm the resonance hybrid structure.

In the light of above discussion, pyrrole can be best represented as :

22.2, Structure of Furan

As already stated, furan (molecular formula C;H,40O) could be represented by a diene-like
Structure (please see page 2/3) on the basis of tetracovalency of carbon and divalent nature of oxygen.

But in actual practice furan does not behave in keeping with the above structure. On the other
hand it exhibits considerable aromatic character since it undergoes electrophilic substitution reactions
Such as nitration, sulphonation, halogenation and Friedel Crafts reaction. At the same time its heat
of combustion shows that it is resonance stabilised by almost 65 k] mol™! as against the resonance
Stabilisation of conjugated dienes by only about 12.5 kJ mol ™.

Hence furan cannot have the diene structure.

Molecular orbital structure. Since furan is considerably aromatic in nature, it would be quite
a_ppmpl'iate to represent its structure in terms of orbital theory. Like pyrrole, furan has a flat pentagonal
fing involving sp? hybridised carbon and oxygen atoms. Carbon has one electron each in its hybridised
Urbitals as well as unhybridised orbital. Of the hybrid orbitals of oxygen two have got one electron
fach while the third has a pair of electrons. The unhybridised p orbital also has a pair of electrons.

bon uses its hybridised orbitals in the formation of C-C, C-H and C-O ¢ bonds. Two of the
)fbﬁd orbitals of oxygen having one electron each are also involved in the formation of o bonds
thadjacent carbon atoms.

The unhybridised orbital of oxygen having two electrons and the unhybridised orbitals of the

Our carbong having one electron each form delocalised electron cloud having six electrons by
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sideways overlapping. But the pair of electrons In the third sp* orbital of oxygen is Jef; hap 1
ared'

The orbital picture of furan may, therefore, be depicted as shown in Fig. 5.2. \ o
c—GC

1/

)= ——— =N\

!

: IL\

¢
H——'('D ~. ,/’ (?T—'H
~ 7 é,,/

sp? hybrid orbital having unshared
pair of electrons

Fig. 2.2. Orbital picture of furan.

Resonance structure. According to the resonance concept, furan is considered to be a resonang,
hybrid of the following contributing structures. Its resonance energy is about 65 K] mol .

The resonance hybrid structure of furan is confirmed t’?' its bond length determination. In
particular the carbon-oxygen bond length (137 pm or 1.37 A) in furan is shorter than a normal
carbon-oxygen single bond length (143 pm or 1.43 A). This clearly shows that this bond has some
double bond character as required by the resonance hybrid concept.

In general furan is usually represented as shown below.

2.2.3. Structure of Thiophene

The structure of thiophene has been elucidated along the same lines as that of furan as describ® ;
below. On the basis of tetracovalency of carbon and divalent nature of sulphur, thiophene (molecu i
formula C;H,S) can be assigned a diene like structure. (Please see page 2/3)

But the actual behaviour of thiophene resembles aromatic compounds rather than coniugated |
dienes. For instance it undergoes typical electrophilic substitution reactions such as nitratio®
sulphonation, halogenation and Friedel Crafts reaction. Its heat of combustion indicates that
resonance stabilished by about 125 k] mol! as compared to only 12.5 kJ mol-! for conjugated dien®>

Therefore thiophene cannot have the diene structure given above. 5

Orbital strucuture. In view of its aromatic character and its similarity to furan, thiopher® wa
assigned an orbital structure similar to that of furan. Thus thiophene has a flat pentagonal e
sp* hybridised carbon and sulphur atoms. There is a cyclic electron cloud having six electron’
above and below the plane of the ring, A

Like the oxygen atom of furan, two of the hybrid orbitals of sulphur have got on€ electr®” erroﬂ
while the third has got a pair of electrons. The two hybrid orbitals of sulphur having on¢ glet

el



each participate in formation of ¢ bo . . id orbitals ot
each carbon also form C-C, C-H and ?Zf; ﬁfg:);lgiacent carben sfome. The e i Qrs_l,
e ‘

sp? hybrid orbital having unshared
pair of electrons

Fig. 2.3. Orbital picture of thiophene.

The unhybridised p orbital of sulphur containing two electrons and the unhybridised
p-orbitals of the four carbons each having one electron form the delocalised electron cloud by
sideways overlapping. However, the electron pair in the third sp? orbital of sulphur is left unshared.
In this way, orbital picture of thiophene may be represented as given in Fig. 2.3.

Resonance structure. In terms of resonance, thiophene is considered to be a resonance hybrid
of the following contributing structures with a resonance energy of about 125 k] mol L.

The resonance hybrid structure gets confirmed by the determination of dipole moment and bond

lengths of the molecule.
In general thiophene is represented as:

acter of Pyrrole, Thiophene and Furan

the structures of pyrrole, thiophene and furan that
f four carbon atoms and a hetero atom with a cyclic
in keeping with Huckel’s rule. As such, all these

2.2.4. Relative Aromatic Char
It is evident from the above discussion on
each of these compounds consists of 2 flat ring o
electron cloud of six delocalised n-electrons. This is
compounds exhibit aromatic character.

It may also be noted that :
() Of the five contributing structures of each of these heterocyclics, there is only one structure

in each cage which does not involve any charge separation and makes major contribution to the

resonance hybrid. As against this, both the contributing structures of benzene are uncharged and

equally stable. As a result the resonance energies of these compounds are considerably lesser than
 that of benzene. In other words, their aromatic character is lesser than that of benzene.

(if) The electronegativities of the heteroatoms present in pyrrole, furan and thiophene are in the

- order O > N > S. This means that oxygen has the least tendency to release its pair of electrons to
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Pyrrole ring system is a part of many natural compm'mds. It is fmfnd in small quantities i,
coal tar and bone oil. It derives its name from the fact that its vapours give a bright red colour on
coming in contact with a pure splint moistened with concentrated hydrochloric acid.

-1. Preparation of Pyrrole and its Derivatives
Pyrrole can be prepared by the following methods,

(1) From acetylene. When a mixture of acetylene and ammonia is passed through a red hot
tube, pyrrole is formed.

From ammonium mucate. When heated with glycerol at 473 K, ammonium mucate gives
pyfrole. The process involves decomposition of ammonium mucate followed by dehydration,
decarboxylation and ring closure.

HOHC—— CHOH
T Glycerol, 475 K) [ O\ +4H,0 +2CO, + NH,
HOHR /CHOH ﬂ
H4,NOOC COONH,
Ammonium mucate Pyrrole
/Q‘)F/mm succinimide. On distillation with zinc dust, succinimide yields pyrrole.
H,C CH,
Zn

| I iy
O=C N O +27n0
\/C O  Heat S
N H

H
Succinimide Eygole
am in the

,. | _ :
From furan. When heated to 753-763 K, a mixture of furan, ammonid and ste griole

of p
esence of alumina catalyst yields pyrrole. This is used as a method for the manufacture

R



232 Physical Properties ,_—,
Pymrole, when freshly distilled is a colourless li
Sposure 1o zir. It has a chloroform like odour.
It 1s sparingly soluble in water but freely soluble in alcohol and ether.
2.33. Chemical Properties

The chemical behaviour of pyrrole is maked by its considerable aromatic character as typified
by itz ability to exhibit electrophilic substitution reactions, However it does undergo some addition
reactions as well.

quid (b.p. 404 K) which rapidly turns brown on

The important reactions of pyrrole are discussed below.

(1) Electrophilic substitution reactions. Pyrrole readily undergoes electrophilic substitution
reactions. In fact, as already explained, there is

greater electron density at the carbon atoms of the
heterocydic ring as compared with benzene.

Therefore pyrrole is more reactive than benzene and
resembles activated benzene derivatives such

as aniline and phenol in undergoing electrophilic
substitution reactions.

The electrophilic substitution of pyrrole occurs preferably at the o, or 2-position although the

 or 2—position is attacked when the O-positions are blocked. (The reasons for this are explained a
Eifle Iater)



The principal electrophilic substitution reactions of pyrrole are summarised in Fig. 2.4.

H
Pyrrole

R

CI—I3COONOZ, (CH3CO),0, 278K
(Nitration) g O N02

H
2-Nitropyrrole

SO,,Pyridine, 373K

(Sulphonation) g %)—-SO::,H
H

Pyrrole 2-sulphonic acid
L, KI 1- I
(Todination) I O T
H
Tetraiodopyrrole
(CH3CO,)0O, SnCly X O
Friedel Crafts Acylati
(Friedel Crafts Acylation) Q‘COCH:),
H

2-Acetylpyrrole

CHCl;, KOH "
(Reimer Tiemann reaction)) O CHO

H
2-Pyrrolecarbaldehyde

ARLX X
(Coupling reaction) ’ @_N = N—ATr

H
2-Arylazopyrrole

HCN, HCl, H,O ¢
(Gattermann Koch synthesis) O CHO
=
2-Pyrrolecarbaldehyde

Fig. 2.4 Electrophilic substitution reactions of pyrrole. . L B
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Furan is the simplest heterocyclic compound containing an oxygen atom. It occurs alongwith
methyl furan in very small quantities in wood tar. When brought in contact with pine splint
moistented with concentrated hydrochloric acid, furan vapours produce a green colour.

04.1. Preparation of Furan and its Derivatives

Furan can be prepared by the following methods :
(1) From mucic acid. Dry distillation of mucic aci

atits boiling point gives furan.
HOHC — CHOH

d followed by heating the furoic acid formed

Dry distillation
HOHC CHOH i O COOH _IEL O

Furoic acid Furan

HOOC COOH

Mucic acid
(2) From furfural. Oxidation of furfural with K,Cr,0y and heating furoic acid formed at its
boiling point yields furan.
(@) Heat
@—CHO — @com& e, (O
O (K,Cry07)/H804  ~O -CO, FOZm
ur

Furfural Furoic acid
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( i i Y Obtained y,
lation (i.c. removal of carbonyl group) of furfural by heating it in stear in the Prt.‘:sct?ce f
decarbonylation {7.¢- :
silver oxide catalyst. 5 .
" AgaQ), steam [O ‘ 2
OVeC—H — = )
o~ oo/

Fura
Furfural o u.r in -
Furfural required for this purpose 1s {tself obtained by the treatment of Pentoses (presen ;
oathuls) with concentrated hydrochloric acid. ,

HOHC —CHOH

HCl O
H,C CH—CHO — N5 »—CHO

I | Furfural
HO OH

Pentose
(From oathuls)

Furan derivatives are usually prepared by the following two methods :

(4) Dehydration of 1, 4-dicarbonyl compounds : Paal-Knorr Synthesis. This is a
for the preparation of furan derivatives. It involves the action of

ZnCl, or H,SO, on a 1,4—dicarbonyl compound which can unde
1"
P,O.. heat @_
H3C—C\ /C—CH3 —ZTW. H,C 3 CH;
oo

2, 5-Dimethylfuran

general methy
a dehydrating agent such as pq_

rgo enolisation. For example: © -

Acetonyl acetone

(5) Feist-Benary synthesis. This method involv

es the reaction between a B-ketoester and an Q-
haloketone. For example :
COOC,Hs CH
| l 3 Pyridine
CH, +  C=0 T HSCQOOCICS; CH,
e | s et
CH;

Ethyl acetoacetate
(or Ethyl B-ketobutyrate) a-Chloroacetone

2.4.2. Physical Properties

Furan is a colourless liquid (b.p. 305 K) with an odour similar to that of chloroform.
It is insoluble in water but soluble in alcohol and ether.

2.4.3. Chemical Properties
Furan behaves as an aromatic com

pound and exhibits typical electrophilic substitution reactio®
mainly at the o~ or 2-position. : orly
Since furan gets polymerised in acidic conditions, its reactions are carried out in properd |
selected conditions.
_—re—

e
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Thiophene (also spelt as thiophen) is a five membered heterocyclic compound containing
sulphur as the hetero atom. It occurs in very small quantities in the light oil fraction of coal-tar

distillation.
When benzene is isolated from light oil, thiophene passes on as an impurity in benzene since

the boiling point of benzene (353 K) and thiophene (357 K) are very close together.

To separate thiophene from benzene, impure benzene is shaken with cold concentrated sulphuric

acid. As a result thiophene gets converted into water soluble thiophene—-2-sulphonic acid while

‘ benz

ene remains uneffected. Thiophene sulphonic acid is separated from benzene (which is insoluble
in water) and treated with superheated steam to recover thiophene.

2.5.1. Preparation of Thiophene and its Derivatives

Thiophene can be prepared by the following methods :
(1) From sodium succinate. Thiophene can be prepared in the laboratory by heating sodium

: succinate with phosphorus trisulphide.

CH 2COON a PZS 3
—_
CH,COONa  Heat

Sodium succinate
(2) From acetylene. On a commercial scale, thiophene is obtained by passing a mixture of

Thiophene

. acetylene and hydrogen sulphide over heated alumina.

CcH Al,Os, 673K
2| +H,S —— (O} +H,
CH S

Acétylene Thiophene

3)F L] i
(3) From n-butane, Another method of obtaining thiophene on a commercial scale is by reaction

| of sulphur anq n-butane at 923 K.

M



H,C—CH T EMESTER
2= 2 923 K

| +45 — OV« 3H,S 2. ‘
HiC CHj S

n-Butane

(4) From 1, 4-dicarbonyl compounds : Paal-Knorr Synthesis. Thig js 4 e
synthesis of thiophene derivatives. It involves the action of heat on enol?s:\belral methf?d for th,,
compounds in the presence of phosphorus pentasulphide. For example, able 1, 4‘dlcarbomi

Hzc _“_CHZ

H,C c|: O M v -@_
3C— —CH;3 s e &
\OO/ 3 S H3 +H20

2, 5-Dimethylthiophene
Acetonyl acetone

2.5.2. Physical Properties

Thiophene is a colourless mobile liquid (b.p. 357 K) having a benzene like smell
It is insoluble in water but soluble in alcohol and ether. '

2.5.3. Chemical Properties

Thiophene, like pyrrole and furan, exhibits aromatic character although it is less reactive th
the other two five-membered heterocyclics. m

It does not show basic properties and is much more stable to acids than pyrrole or furan.
The important reactions of thiophene are given below.

(1) Electrophilic substitution. As in the case of pyrrole and furan, thiophene undergoes
electrophilic substitution predominantly at - or 2-position. Some of its electrophilic reactions ar;
summed up in Fig. 2.6. HNO;, (CH3CO),0

(Nitration) § [C_)>;No2
S
2-Nitrothiophene
H,SO4, room temp. .
(Sulphonation) g @SO3H
S
Thiophene 2-sulphonic acid

@ i L Br-—@—Br

S (Bromination) g
Thiophene 2,5-Dibromothiophene

y

CH3COCl, SnCly 0
(Friedel Crafts Acylation) O COCH;
S
2-Acetylthiophene
(2-Thienylmethyl ketone)

HCHO, HCl
(Chloromethylation) o @.Csz
2—Ch](3romethylﬂ1iophene
Fig. 2.6. Electrophilic substitution reactions of thiophene.

et




idine (CsH5N) is the most important six-membered heterocyclic compound which contains

— Z

' pone oil

ade of five carbon atoms and one nitrogen atom. It is found to be present in coal-tar and
m

aring Moreover, the pyridine ring system is also present in a number of natural products such as

- itamins like nicotinic acid and pyridoxine and alkaloids like nicotine and piperine.
vl

we would now consider the important aspects of the chemistry of pyridine.

2.7.1. structure of Pyridine

!
|
|

The main points leading to the structure elucidation of pyridine are presented below.
(1) Molecular formula. On the basis of elemental analysis and molecular weight determination,

| the molecular formula of pyridine has been established to be CsHgN.

(2) Chemical behaviour. (i) Pyridine is a basic substance and forms salts with acids. For example

C5H5N +HCl — C5H5NHCI
Pyridine Pyridine hydrochloride

(1) It reacts with equimeolar quantities of methyl iodide to form a quaternary ammonium salt.
CsHgN + CH3l — [CsHsN™' (CH3)]1™
Pyridine Methylpyridinium iodide

(iif) It does not react with acetyl chloride or nitrous acid.

The above reactions indicate that pyridine is a base containing a tertiary nitrogen atom.

() Although its molecular formula CsH;N suggests a high degree of unsaturation, yet pyridine

| tesists addition reactions and is stable towards usual oxidising agents.

(v) Like benzene, pyridine exhibits aromatic character and under

reacti A goes electrophilic substitution
eactions such as halogenation, nitration and sulphonation.

of begz:z\?e alkyl, hydroxy and amino derivatives of pyridine behave like corresponding derivatives
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7.3, physical Propoerties of Pyridine °2 l”

pyridine is a colourless hygre scopic liquid (b.p. 388 K) having a characteristic unpleasant smell.
[t In miscible with water and is itself a good solvent for many organic compounds.
174 Chemical Properties of Pyridine

The uuledmulmg‘ features of the chemical behaviour of pyridine are its basicity and its tendency
o undergo clectrophilic and nucleophilic substitution reactions as discussed below.

(1) Basicity. Duc to the presence of a lone pair of electrons on nitrogen, pyridine acts as a base
ind can form salts with acids and quatenary salts with alkyl halides. For example :

/C) Ly Ay Ha | )
['T”J | (CN)J s @ cl

CHy . H
N-Methylpyridinium Pyridine
lodide hydrochloride

(Quaternary salt)

The basicity of pyridine (pk, ~ 8.7) is comparable to that of aniline (pk;, ~ 9.4) but is much
weaker than that off aliphatic tertiary amines (pk, ~ 4). ’
The fact that pyridine is much weaker base than aliphatic tertiary amines can be accounted for
interms of the state of hybridisation of the orbitals containing the lone pair of electrons. In aliphatic
tertiary amines, unshared pair of electrons of nitrogen is in an sp® hybrid orbital while in case of
pyridine the unshared pair is in an sp? hybrid orbital. Since the electrons in an sp? orbital are held

more tightly by the nucleus than the electrons in an sp? orbital, they are less available for sharing
with acids which is responsible for the decreased basicity.

It may be noted that pyridine is more basic than pyrrole. This is because, as already stated, there is
alone pair of electrons on the nitrogen atom of pyridine while the nitrogen atom of pyrrole is not left
with any lone pair of electrons.

(2) Electrophilic substitution. Pyridine is not very reactive towards electrophilic substitution
reactions. Thus it undergoes electrophilic substitutions like halogenation, nitration and sulphonation
only under drastic conditions and does not undergo Friedel-Crafts reaction at all. The substitution
occurs preferentially at B-or 3-position.

Bry, 573 K B Br B 5 Br
(Bromination) N +
3-Bromopyridine 3,5-Dibromo-
pyridine
NO,
B KNO,, HpS0y, 573K (O\J/
N
3-Nitropyridine
SO;H
H,50, 68K @/
Pyridine-3-
sulphonic acid

i Explanation of low reactivity of pyridine. The low reactivity of pyridine towards
tlectrophilic substitution can be understood in terms of its structure. As already mentioned the six

e e i e

IR ~ YO

3
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2.10. QUINOLINE, "@ or @@
7 N72

8
Quinoline is an important six- e
from the alkaloid quinine by alkaline decomposition. It
days it is either isolated from coal tar or prepared synthetic
methods.

2.10.1. Preparation of Quinoline and its Derivatives

(1) The Skraup synthesis. This is the most widely used method for the preparation of
d concentrated sulphuric acid in the Presenc,.

us sulphate (which makes the react,

It is carried out by heating aniline with glycerol an
nitrobenzene (which acts as an oxidising agent) and ferro
less violent).

membered condensed 1ing heteroF:yclic which was firg
is present in coal tar and bope

ally from benzene derivatives,

t by,

oil, Th\x

Y differg

quingly,

CH,OH
I Conc. HySO4/FeSO4 X
[ + C.H:N
@\ + CHOH + C6H5NOZ % ? N, 6145 TH:)_ + HZO
NH e
2 CH 20H Quinoline

Mechanism. The first step in the reaction is the dehydration of glycerol into acrolein. T
undergoes condensation with aniline via 1, 4-addition process to form 1, 2-dihydroquinoline. T:

dihydro product gets oxidised by nitrobenzene to yield quinoline.

CH,OH CHO
| Conc. H2504 |
CHOH —
| heat ”
CH,OH CH,
Acrolein
@) OH @)
H,
Sé\ H N
@\ +A\ﬁH i EH T &, SCHy _w
NCH, e CH ™= & tﬂz
/N | |
H H H H
+
OH
HS& OH
~
| g | o CeHsNO,
I ] e
H H H

. : : . n b . j . : . , are \.ﬁ'
Quinoline derivatives can be prepared by this reaction by taking a suitable primar} cafk"”t

o,

iy

1]
W )

amine havil}g at least one Vac;u;:)r‘:"tho position and Fondensing it with o, B-unsaturaf? pe
compound in the presence O centrated sulphuric acid (condensing agent) and T

(oxidising agent)-

T

e
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2.11. ISOQUINOLINE, 7@:/)5\, or @(OjN
8 1 : o

Isoquinoline is a degradation product of many alkaloids and also occurs, along Wlﬂ; qlrlmoéme:
in coal tar and bone oil. It is a rare example of a heterocyclic compound in which numbering does
not start at the hetero atom.
2.11.1. Preparation of Isoquinoline and its Derivatives

(1) The Bischler-Napieralski synthesis. This method involves the cyclodehydration of af
phenylethylamine by heating with phosphoryl chloride (POCl;) or phosphorus pentachloride to |

get 3, 4-dihydroisoquinoline. This on dehydrogenatioh forms isoquinoline.

H
2
C\ 5
@r (l:Hz POCI3 Pd-C AN
O\\C/NH /N or Se /N
| R b

B-Phenylethylamide 1-Alkyl-3, 4-di-hydroisoquinoline 1-Alkyl-isoquinoline
The B-phenylethylamide itself is obtained from aromatic aldehydes.
Mechanism. The mechanism of the reaction may be depicted as follows :

O =)
T . t T
-H N-—H

NN C\
R O K OoroCl, R \ProcCl,

- HOPOCI,

@ LI VRN
- |

———— -

N 2N o )
i T D¢ " ;!
l ¢ \/\fl\:
R
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(2) The Pictet-Spengler synthegis
rylcll‘)’l“mmc and an aldohydc in th\; ‘
93, 4-tetrahydroisoquinoline

L '] . M
\ﬂ;duCt is then oxidised by the ugy
| ¢

This ¢ :

S Mme

presence n; t.h}?d involves the condensation between a B-
excess of hydrochloric acid at 373 K. As a result,

iS "‘n'n](\ l [}
dvia a pro d imi : "
al method to f protonated imine intermediate. The tetrahydro

orm isoquinoline derivative. 29
-+ k)b—-_ oSS 2 Y
NH, % ¥ . ]l—ll() ’ - I Pd-G i | p
K a H ‘&Sj'{ G -8 NH — I AN
(l. R H R
B.]’h\‘r\)'lctl\)‘l&\mim‘ Aldehvde 2 s
yde Protonated amine 1-Alkyl-1, 2, 3, 4-tetrahydroiso- 1. Alkyl-

: inoline teaquinol
ynthesis. | e q . i . isoquinoline
n this synthesis, an aromatic aldehyde is condensed wit

a Schiff’s base. This i -y
ase. This is cyclised in the presence of sulphuric acid to get

(3) The Pomeranz-Fritsch s
n aminoacetal to form

gquinoline.
HSC'.‘O\ L /()Czl {5
4 | +HNCH CH/OC:"HB en H,S0 &)
2 2 —_— CH, :s. N AN <
X \OC"II'i = HZO 3 [{] - (\;\lI\/ N + 2(.2‘ l.—;(‘)f‘{
CHO 215 Cﬁ > A
Aminoacetal

211.2. Properties of Isoquinoline
' Isoquinoline is a colourless liquid (b.p. 516 K) which is a resonance hybrid of the following
main contributing structures. '

N N -8 +
i — A -
@\I: @(}\]: @\I:
+ . .

Its important reactions are given below.
(1) Basicity. It is a fairly basic compound a
halides to form quaternary salts.
4

o+
L+ HC CHj .
O] o == OO [CChc !

1-Methyl isoquinolinium iodide

nd reacts with acids to form salts and with alkyl

Isoquinoline
hydrochloride . NISRT 1 hilic PR PRI
0 2ts itution. As in the case of quinoline, electrophilic substitution in
Mqéigo&zcé‘?egl};g?e g:‘&fbmene ring mainly at posmon-S and to a lesser extent at position-8.
NO,

Conc. HNO3, Conc. HaS0y4
___/‘
QlOy ? On
NO»

5-Nitroisoquinoline
(Main product)

8~Nltmism{uirmlim&
_——-“"—’_— -
O N (28%)
‘ SO;H
Isoquinoline
Oleum, 455K ____, +
Isoquinoline-

5-sulphonic acid SOH

(Main product) lsuquino‘(ine;
8-sulphonic acid




Organic Syntfesls

| ,1.INTRODUCTION

; c::}c;atsobc(;?l;j:ztady 1eadr.nt during the study of aldehydes and ketones that the hydrogen atoms
j atta afl d a-hyd oms adjacent to carbonyl group are unusally acidic in nature. These hydrogens
| areC ed a-hydrogens and the carbon to which they are attached is called a-carbon.

: o-carbons

/ T\

\

(Gondily abicic

, When we say that o-hydrogens are unusally acidic, it means that they have a much greater
| tendency to be released as protons than the hydrogen atoms of ordinary carbon-hydrogen bonds.
L This is evident from the fact that the pK, values for the hydrogens of simple aldehydes and ketones
| are nearly 20 (K, = 10720) while the pK, values of acetylenic hydrogens HC = C—H are around 25
| (K, =1025), of vinylic hydrogens (CH, = CH — H) are around 40 (K, = 109) and of alkane
| hydrogens (CH,—CH,—H) are around 45 (K, = 107%).

cig In this chapter, we shall study how the acidic nature of o-hydrogens leads to the formation of

| enolates which are used as nucleophiles in S%; reactions employed in the synthesis of a number of

b organic compounds. We shall also study the participation of 1, 3-dithianes and enamines as
i Nucleophiles in many synthetic reactions.

| 32, ACIDITY OF HYDROGENS : FORMATION OF ENOLATES

We have referred above to the acidic nature of hydrogen alpha to a carbonyl group. Let us try

| tofind the cause of this. :
] Due toifesr(; small difference in the electronegativities of carbon and hydrogen, a C—H bond is

] . Normally almost non-polar.in nature. But the presence of an adjacent carbonyl group (which is a
: Strongly electr .thdrawing group) polarises the electron pair of the C—H bond 50 that hydrogen
9 y;eecaon wi & At the same time, the anion that is produced gets

I ™ay be removed as a proton by a strong base. _
| Stabilised by resonance and delocalisation of its negative charge as shown below :

T % SO S
__g__c‘:i_\.mg"p-‘—— I(|j—-<—-—'—-C=(|f—-+H B

Resonance stabilised anion

an
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The resanznce hiyt -4 of the above structures may be repré: sented 4 - Q‘
o*
! 3
—C=0

|

|

R a—— t-end amion reacts with 2 proton donor, there are two possibilig,

« 2mer . of oroton may i2ke place at the carbon 0 give the original carbonyl cormpotnd (whig,

Fap SUBLUBNEE S e - < < y
kg c=led the keto form). Alternatively, the 2ddition of proton may occur at oxygen to give an ey
- 1
O A G o

i | |

!

l

| P

¥

Enolzte znion

i
H—B|(-B%)

I profon is added |If proton is added
" ztg-carbon at oxygen
" !
¥
s
|
|
Kero form Enol form

The resonznce sizbilised znion is called enolate anion because it can give rise to enol.

The presence of carbortyl group, no doubt, makes the a-hydrogens unusually acidic as compat
&0 hrydrogess of an ordinary C—H bond. But the acidic character of simple carbonyl compound®
very wezk with pK; vzlues of nearly 20. Therefore, the removal of proton and formation of enold
=ien czn be brought zbout only by strong bases such as alkali metal hydroxides or alkoxides. ®
eren fhen the position of equilibrium in the reversible reaction favours the reactants rather tha" i
products so that enolate jons are formed in low concentration

o r
B & Oy
CH;—C—CH3 * NaOH =—| E &= |
sk, =20 }C}ig‘—c—{-&{z T CH3_C=CH2 Na-i- +H20
(Wreakar acd) - r =157
(Stronger add)
T L~ ] 0"
a—C— Hs - Na—=__|cpr. ] '
(Weaier wcid) : . k2
« (Sugxl§e"1

¥ stronges bases such as sodamide (NalN : et
wwoudd be relatively larger. (Nat {H,) are used, the concentration of enolate io fo {
s > 1 ¢ . ﬂ

It czn be readily understood that there would be marked increase in the acidity of 7 carl?

0"
comepunernd wihen it coniains 2 hydrogen alpha to two carbonyl groups. This is because in SU<" i
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ORGANIC SYNTHESIS VIA ENOLATES

3/11
42. Acetoacetic Ester Synthesis

. . o
Acet(;);ce(t)lsn e(i;e;’;; atgsr}}lfe;rersfahle synthgtic reagent and the syntheses of a large variety of
organic Ct regson at the back of po }E:CG_toacgt_lc ester is known as acetoacetic ester synthesis. An
gmportan ymiafineg v Synthetic utility of acetoacetic ester is that the ester itself and its

] derivative s ydrolysed in two different ways as described below.

(2 ;ietcg;mdi -yalioy{lscllzr‘;\\]};ililvlgéd;OIYSEdhby dilute aqueous alkali (or acid), acetoacetic ester or
... mono- orm t i i i i
g:C ittt o yioid ke e corresponding acids which readily undergo

e tones. That is why such hydrolysis is termed ketonic hydrolysis. Thus
. wehave:

CH;COCH — COOC,Hy — & 120!

i H*
| " CoH:0H CH3COC|ZHC00 Na* — CH,COCH—COOH
R

| —CO,

CH;COCH,R
Ketone

Itis be_lieved that decarboxylation of acetoacetic acid or its alkyl derivatives involves the transfer
of carboxylic hydrogen to the keto group, eiter just before or simultaneously with the loss of carbon
dioxide.

O: o:*
| 2 OH
— 3 —_ m T ——a l
CH3 —C—CH—COOH CH; —C (|:H 00" =, | oy, —cmcur|
]IQ R Enol

O

CH; —C—CH,R
Ketone

Quite often, the decarboxylation takes place even before the acidification of sodium salt formed

onhydrolysis, i.e., the carboxylate ion itself may decarboxylate. This is because loss of carbon dioxide
from the ‘carboxylate ion yields a carbanion which is more resonance stabilised relative to the
- Carboxylate jon.

O: B: :O7

| = 2

R

i i idificati ields the free ketone. - o ot
%Zi?gbmgfr;iiaﬁggﬁgg %l\lydrolysis of acetoacetic ester or its alkyl derivatives is carried
out with conceztrate}:i alkali, the ester molecule gets cleaved to form two molecules of carboxylic
%4ds in the form of their salts.

N OH onc,
CH;COCHCOOC,Hj5 :j:_j—)—a CH;COONa + RCH,COONa + C,HsOH

I

R ) e
i . i the formation of acids
This typ is i wn cid hydrolysis because it leads to the forr of acids.
In the HZISE }(;%’ g}ra(;?esﬁilzclflr;gion ?ts ranay bZ concluded that the synthetic utility of acetoacetic
eStEr is due t

o the following reasons.

e
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3.5, SYNTHESIS OF ETHYL ACETOACETATE "% ° "0 4o molecules of ethyi ,
Gthy!l acetoacetate is obtained by the C""’f‘]?t‘.h]‘l formed is acidified to get ethy] ot Iny
P"t‘st‘lu‘\" of sodium ethoxide. The godium salt initia y acetoats—'

iy [CH3COCHCOOCZHS]—Na+ +Calsoy

2CHACOOC,Hg + CoHsO™Na
% AR s Sodium
Ethyl acetate (-;;:‘:)‘(lid('. lH+'

CH4COCH,COOC,Hs
Ethyl acetoacetate

The reaction is known as Claisen condensation. . e 7

Mechanism. In the first step of Claisen condensatlon,bt'};.e ectlh::ﬁaetéognfemove:s 2 b
from the o-carbon of ethyl acetate to form a resonance sta 11 lscie b e :or;. This st
nucleophilic anion attacks the carbonyl carbon gf a second molecu ¢ h 0 form  Carhy
addition intermediate. This intermediate eliminates ethoxide ion to form the ketoester i &
acetoacetate in this case.

Ethyl acctoacetate formed reacts with ethoxide ion to for.m' gthanol and enolate salt f 4
acetoacetate which is relatively more stable. This salt is then acidified to get free ethyl acetox,

CO: :0:

O
] I |
HSCZO% Ql']z e —OCzHS ,,.—:"_CzHSOH + 1 CH?_ ——C—-OC2H5 (—)CH2= C—OC-

-

Enolate anion

y O | 1077 O
|

0
C I /‘\ —C,H0"

CH;—C +:CHy — C—OCyHs = CH3;—C—CH, —C—O0C,H; —

OC,Hs COc,H;
Carbonyl addition
intermediate
0] 0
I I o
CH3 —C—CH,—C—
toacetat
o T 5 . s Ethyl ace
| :
0 o) o

vl O O

CH3 —C—CH—C~0C,H, + H+ HCl | |
— CH3—C—CH,—C—O0C;Hs ,
It may be noted that the first step of Claisen condenmgt:,)]’l E;C:to acetate | of a prote® r‘nf‘;
‘ ation, 1.e. removal ot a ¥ '

carbon by a base to form a resonance stabilised enolat
. a e

1) jf ".‘"
condensation. Similarly the attack of nucleophilic e stef

¢
anion, resembles the first ® = <)

nolate anion on the Carbonyl Carbon 0 ,i'.'}

molecule of ester also resembles the condensation ste weve”
formation of an add

condensation finally leads to the B of aldol condensation- ¢ 4o |
results in the formation of an acyl substitution product ition product while Claisen ©
ct,



| NTRODUCTION

Amino acids, as the name indicates, are compounds which contain both an amino group and an
;dic group (such as carboxylic acid or sulphonic acid group) in their molecules. For the present,
ywever, We shall be mainly concerned with amino caﬂmxylic acids. In these acids, the amino
aup (— NH,) may be attached to any carbon atom other than that of carboxy! group (—COOH).
itisbonded to the Car-bon atom adjacent to the carboxyl group, the acid is known as a-=amino acid
hile the other successive positions of the —NH, group along the carbon chain with respect to the
(OOH group are denoted by B, ¥, etc. Thus an o-amino acid may be represented as :

H /Alpha carbon
R—C—COOQOH

Amino group—— NH, \ =
where R is an alkyl or aryl group.

a-Amino acids command the maximum importance because they are the constituent units of
oteins which are very important biomolecules.

In this chapter, we shall first deal with the chemistry of amino acids and then we shall discuss
stohow amino acids combine to form polypeﬁtides and proteins. Structure elucidation of peptides
od proteins at different levels will also be taken up. This will be followed by a brief description
fanother class of biomolecules called nucleic acids.

AMINO ACIDS

0-Amino carboxylic acids constitute one of the most important classes of compounds because
ey serve as the buxﬁldjng blocks of peptides and proteins. All naturally occurring amino acids
ave the amino group at o-position with respect to the amino group.
2NOMENCLATURE OF o-AMINO ACIDS

Although amino acids can be named by IUPAC system, they are usually referred to by common
imes, The common names generally have the ending ‘ine’. Each name has been further given a
Yndard abbreviation usually consisting of its first three letters. For example.

CH,COOH CHj —CH—COOH (CHj3), CHCOOH

| I

arboxyl group

NH, NH, NH,

(lurPAC name): - Aminoethanoic acid  2-Aminopropanoic acid  2-Amino-2-methylpropanoic acid
(Common name) - Glycine Alanine Valine

(Abbreviation) ; Gly Ala Val

4
%STRUCTURE OF a-AMINO ACIDS :
Cab“‘Amino carboxylic acids are generally represented as containing an amino group and a
“oxy1 group. That is :
R —CH— COOH

NH,

However, in actual practice, the amino group (a basic group) and the carboxyl group (an acidic
AN



N & ,{} H
NH
4.3.1 Evid:SnCe in favoy, of dipolar ionic Structure
he 3] NCe of free o and carbgy S i
. : a Yl groups ip AMINo acjdg and the eyigr..
10mc(s;rruct €18 supporteq by the followmg facts ; ok RAleee of ik
1) Unlike gy, esand cqy OxYlic acids, the i ' j
. + e amino ejgs are non-volayjj, Crystalline S0lids 150
. _ ] o Sl ey
ecolmposztlon at fairly high temperaty e . The high melting poip g of aming 40 1s cap . |‘s,’;,;“f ,/,1 ,”/‘}fh
e ar.ge r-molecglar forceg ansing from the electrogtatie inleraclinnn of dipolay jong, M
(i) The aming geidg are practzcally 1hSsoluble in non-polay organic solpey SUCH a5 ¢y Wi e,
ut gre soluble iy Polar solyenys like watey |
(z'zz) Their aq9ueoys solutiong behave Jike solutiong of substances Imving high dl)mlwnmmmzl,~,.
‘(1'0) They ve very low acidzty and asicity Constants, oy instance, the vajyeg of K a2 and K, foy
glycine (j, Oacetic acid) arq 1.6 x 10-10 (PK, = 9.8) ang 2.5 x 1012 (PK), = 11 4 b o
contrast, mogt carboxylic acigg have K 's of gt order of 1(-5 (PK, around 5)
amines haye Ky, of the order of 1(~4 (PK, arounq 4).
(v) Their Spectroscopic Studies do
8roups,

and pggf aliphas,
ot show the Presence of baygs characte

to the acceptance of dipolar jonje structure of 4y,
ACIDS

tated, aming acids can be broadly classifie
8TOup on the carbor, chain wj

The evidence Cited aboye leads

4.4, CLASSIFICATION OF AMINO

already s
POsition of amine

vistics of — {yand —cry M

ing acids,

das g, 3, T and sg gpy according i e
With respect g e carboxylic group, For example ;
HzNCHZCOOH HZNCHZCH2COOH H,NCH 2CH,CH,Conp
2—Amin0ethanoic acid 3—Aminopr0pan0ic acid ~Aminobutang, acid
or or
a—Amin(;rcetic acid B~Aminopropionic acid -Ammobutyrir acid
The number of amino acids which are known to occur Naturally jg vVery large, But 20 of fhem
command special iImportance becauge they are commonly_l found in
derived acids are 0-amino acids and aj but o
general structure -

Proteins, All 20 of these pnﬂxfgﬂ
Imary aminq Broup and havye e

The only exception Is proline i
are part of a pyrrolidene ring.

H
Table 6.1. on page 4 gives the names, three Jet
a i

(in
ter abbreviations of the names, a one letter code
t61.1esiS) and structural formulae of the 20 most im

paren

;1 arder.
portant aming acigg i alphabetical or
i f Protein derived Amino ac g : | e
iy Class{ﬂcaat(ij:; ;sted in table 4.1 can be further classifieq In several different ways a w
The amino ] : table) v"

. : : . 1 d* in the
below. tial and non-essential amino acids, Te, of the amino geis (marke
(1) Essen
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Whimals conon
w lm||u|mmmhlu
AN caune dine
by oy

)

AV M S
« - , - i B

anithendsed by anfmala from olher ialerials I
awlno aclde ; they nit e predent i (Ilc“t/fl"
anen weh an kamnliorkar, G 3

cien andd may not be pretent in tha et an pach

',‘:,,,,-.-umm Jor the growsty of Vo
: t"“"‘,‘ i aclida are termed ennential
P ack of there ackdn o tho ey ¢

’!“f "l(l" ‘“\Mu which can b ,1\;|‘||\'.""“
1 e ‘,[,‘\ufvnncstillnl amino acly,
1) Classllieation according 1, neutr

i [according 1O the nmbr nl‘hllﬂl' ““‘llill" o batle character, Amino acidn con also be
e . , e Cand banke gronpn e
il Neutral anino ackda, 'y Ao amiy ' Rroupn preetent in them.
10 "l"l“ ‘ W ackds whiely conladin one acldie and one baale group,
4ol )
AN g
: Cllq o= Ql wa ,
.‘ (()() |l()(u||"' (‘ll '(l()()
.‘
e ! rI\m
Alanine far )
\ \ " Horing
i) Actdie amino acids, Thene are amino ae :
\ aclds which ¢ wira acidie group in theb
§ ) ) (] P ‘ '
HOOCCH e CH e COO HOOCCHHCHy - CH—COO
|
NI l;\ | NI |~‘
Baslc | ‘lf\(ll ‘ll.l'l'lr acld Clatamie aclkd
{ () Basle amino acids, These are amino aclds which contaln extea basic group in their
{noleculen, For example :

HyNCHCHCHCHy - CH - COO ’70\
< A=CHLCTICOO)
| NS

"NIH, Il NI
Lysine J

Hstidine
@) Classiflcation according (o the nature of side chain, In (his classification, amino acids

{ e been classified Into four categories.
() Amino acids having non-polar side chains, For example :

1" Iy

": CHy —CH —CO0~ CHy=CHy—CH—CH—COO

"NH, INH,

‘, Alanino Inoloucine

(i) Amino acids having polar but unionised side chains, For example :

O

HoN —C —CH—CO0" HOCH; —C—CO0
Asparagine wating

(i) Aming acids having acidic side chains. For example :

HOOCCH, —CH—CO0™  HOOCCH,CHy —CH-—CO0"

NI}, TNy

Aspartic acld Glutamie acld

i ‘._*_;-.'é ﬁ‘f‘““ o A

FIFa ot
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4.5. STEREOCHEMISTRY OF AMINO ACIDS* A .

mino aclds have four different groupg Atag

With the excoption of glycine, all a-a vand amino aclds ave chie Cheg, |
a-carbon aton, ‘l‘\l\i:‘e carbony, S\lt‘l\“\-“,\“ serves a8 ﬂ‘w{“ ‘“T“t\l‘\:{\‘-‘t\:n“, possibe, But it \isl:“i:?tl\l‘“ “f““":}i
Two different enantiomerie forms of each amino s \;\t‘: i\ol(‘\l\}?\ to the same sh‘l‘('m‘hom‘iteshnglﬁ‘
note that almost all a-amino acids derived trom prote }“ bon atom, The configuration i ‘““ ““\J'];]i
f.e. they have the same relative contiguration at the -cat ‘I‘l rq 0 terms of H“‘l‘l‘(\pl\\q: “,““l“mig
to that of Le(=) glyeeraldehyde and may be depicted as tollows : ~ation Wy
Fischer projection formula, i

CHO COO™ CHO coor |
n
E ' i : H  HaN 1|
HO B C o1 H N i Gttt 1 IKF——*—— 3 H l
é ! CHOH R
CH,OH R ; wilxes .
- -Glycoroldehyde L-tt-miino ae
L-Glyceraldehyde L-o=amino acid . L SUTRUSIQEE V0 acid
— J T —ed

1 N v
3 R Fischer projection
Sereoteprosentation

Thus almost all naturally occuring amino acids belong to the L-series and are often referreq by
L-amino acids.

It may also be pointed out that in terms of R, S notation the L o-amino acids usually have theg
configuration.

4.6. ACID-BASE BEHAVIOUR OF AMINO ACIDS
It has already been studied that in the dry solid state, amino acids exist as dipolar jonsy

zwitterions having the structure R—CH—COO™ . These zwitterions are amphoteric in natu

*NHj

They can react either as acids having very low value
K. The exceptionally low values of K, and K,
zwitterionic strucuture. According to this strucutre,
the carboxylic group) which acts as a proton donor
carboxylate ion, — COO~ (not the amino
the basic centre.

Thus K, actually refers to the

s of K, or as bases having very low valuest
of amino acids are quite consistent with &
it is a substituted ammonoium ion, - NH; (¥
and is thercfore the acidic centre. Similarly, it &
group) which acts as the proton acceptor and is there®

acidity of a substituted ammonium jon as represented belo®

R—CH—COO™ +H,0 = Hy0* R —CH—COO"
*NH, NH,

R -—-ICH —CO0~

HyO*

[Hy0") NH,

Ky =i
R—CH—CO00"

"NH,

* Not included In syllabus, /
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for diamino mo'nocarbo?(ylic.acids (such as lysine), the isoelectric point is at a pH m:ch Ejgher

6. For eXampl_e' 1so?lectr1c Points of lysine ang arginine are 9.74 a};d 10.70 respectively.

For monoamino dlcarboxy?ic acids (such as aspartic acid) the isoelectric point is at a pH of
quch Jess t].1an 6. For example, isoelectric points of aspartic acid and glutamic acid are 2.87 and
% respecnvely.

|t may also be noted that at the ispe

: : lectric point the sol ubility of amino acids is minimum. This is because
| s PO"“ there 1S maximum conc
3

here ' entration of relatively less soluble dipolar ion.
[soelectric points of some amino acids qre given in table 4..

Table 4.2. Isoclectric points of some a-amino acids

/ Amino acid Isoelectric point
L Alanine 6.02
Valine 5.97
Leucine Neutral 5.98
Serine 5.70
Threonine 5.60
Aspartic acid ] P 2.87
Acid .
Glutamic acid S 3.22
Lysine . 9.74
| Arginine LS 10.70
|

| 47.1.Electrophoresis

Electrophoresis is a process of separation and purification of compounds on the basis of movement of
durged particles in an electric field. Let us illustrate the process by considering the separation of a
| mixture of amino acids into its pure constituents. .
| To carry out electrophoresis, a strip of paper, a suitable plastic or cellulose acetate is used as a
| wlid support. In paper electrophoresis, for example, a solution of different amino acids (which are
| tobe separated from each other) is placed near the centre of strip of paper. The strip is then moistened
with an aqueous buffer having a particular predetermined pH (which depends upon the isoelectric
| points of the acids to be separated). The ends of the strip are connected to the electrodes. When an
| electric field is applied, this is what happens : S
(1) The am,‘m}:l;cids whose isoelectric point is below the pH of the buffer start migrating slowly towards
' ] inly i ionic form,
| the positive electrode because they exist mainly in the anionic .
: (ii) The amino acids having isoelectric point higher than the pH of the buffer migrate towards the
; : st mainly i tionic form.
{ "egative electrode because they exist mainly in the ca ‘
' (iii) The amino acids whose isoelectric point corresponds to the pH of the buffer do not migrate from
the origin becayse they | et charge.

se they have no n : . e

Different amino acids migrate at different rates depending upon the isoelectric point of the
1 2cid anq jis charge density. In this way, different amino acids get separated from each other. After
1 the separation is complete, the strip is dried and sprayed with a dye (such as ninhydrin) when the
{ *Parated components become visible. : .
| Thus if a Irzﬁxture of alanine (pl = 6.02), aspartic acid (pI = 2.87) and lysine (pI = 9.74) is to be
K Separated’ it is subjected to electrophoresis in a buffer having pH = 6.0. At this pH aspartic acid

a1
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ectrode, alanine wou d re.main at the origin while lysine would
This is shown pelow in fig. 4-1. oy

ards the positivc el
gative clectrode.

Paper strip
/ at pH =6 \

would migrate tow
move towards the ne

e ————

®© o ® 6@
A © @ © p—+ve
® ® ©)
® @ ©)
Separated mixture after

Mixture of aspartic acid® L trophoresis

alanine @ and lysine
aration of amino acid mixture by electrophoresis

Fig. 4.1. Sep
r g-amino acids. On hydrolyti

4.8. PREPARATION OF o-AMINO ACIDS
hich the different acids can be

the most important natural sources fo

1d mixtures of o-amino acids from W .
s such as paper chromatography and electrophoresis.
thetic methods are also available

Apart from their preparation from proteins, a number of symn

for the formation of o-amino acids. The important synthetic methods are described below.

(1) Direct amination of o-halo acids. When treated with excess of concentrated aqueos
ammonia, an o-chloro or o-bromo carboxylic acid undergoes nucleophilic substitution to giv
n o-amino acid. Hydrolysis of this salt yields an o-amino acid. fo

Proteins constitute
degradation, proteins yie
separated by employing method

rise to ammonium salt of a
example
s} v Ha@F
CHj CHCOOH +NHj (excess) ——I:I—H—C—l> CH; CH—COONH4 — CHj __CH—COOH
A \ \
Cl NH, NH,
Alanine

a-Chloropropionic acid

The o-haloacids required in this reaction are usuall i i jon'
carboxylic acids by Hell-Volhard-Zelinsky reaction 2y O AT RgoE
(2) Gabriel phthalimide synthesis. This m . i
; _ . Syn . ethod involves i
orhalo acid and potassium phthalimide followed by hydrolysis of the ;::ci(l:l?c(:rf\o?ritgie;;\r 2xamplei

@:CO>I;I+K +
et C1—CH,COOC,Hs —» Co
Ethyl chloroacetate -KCl CO>NCH2COOC2H5

n ester ¢

Pot. phthalimide

H30+l— C,H:OH

COOH
@:COOH + HzNCHz(:OOH |
X

(3) Phthalimidomalonic ester synthesi e com i ]
nthesis. This method is a b £ o Il
ombination ©

synthesis and Gabriel phthalimj

» : mide synthesis. It

Z{l blrcl)rrif)malomc ester to form phtyt?alimidolx:;"ol.ves the ac
kyl halide and the product hydrolysed to get aomc ester.

Tlt::;n of potassium salt 0
ATING Acs is then heated W!
Cld. FOI‘ example .




o ACIDS, PEPTIDES AND PROTEINS

i QA
CO> L [ g
NK + BrCH , _ Coyl 1ONa
O -H(COOC,Hy), —, COSNCHECOOC ), 20
t. phthalimide romomalonic ester - KBr CcO > Ve
Pot.p Phthalimidomalonic ester
CO~NNE C ! (/) KOII
NCH(C 6H5CH,Cl : - (i) 1
[@:CO> ( OOCZHS)Z:IN«'A* —_— CO)N(;' (COOC,Hs), _m),
~NaCl CO | (11) Fleat
CI-IZC(,'I"I{;
COOH y :
4 Iy N—— C - COOF
@:coou . ?
CHy—Cgly
Phenyl

alanine
(4) Strecker’s Synthesis. In this method an aldehyde is treated with a mixture of ammonium

Hloride and potassium cyanide. The aminonitrile thus formed is then hydrolysed to get o-amino
iid. The reaction probably takes place as follows :

NH,Cl + KCN = NH, + HCN + KCl

_OH } NH |
RCHO + NH; — | RCH_ — RCH=NH <, RCH< et
NH, | "H20  Aldimine '
NH,

NH :

P ¢ ol

RCHL Y s R—CH—COOH
CII\I o~Amino acid
Aminonitrile

(5) Erlenmeyer azlactone synthesis. This method consists in heating an aromatic aldchyde
bith hippuric acid (i.e. benzoyl glycine) in the presence of acetic anhydride and sodium acetate
then azlactone (i.e. 5-oxazolone) is formed. This on warming with 1% NaOH solution followed
Vreduction and hydrolysis gives the o-amino acid. ' ' .

The method is employed in the preparation of aromatic amino acx‘ds and the complete
Totedure is illustrated below by considering the preparation of phenylalanine.

o (CHCO0, (1 CF . ——CO ) 4, CH = C — COOH
Bmuldehyde + CH2COOH CH,C OONa l I Warm
NHCOCH N\ /O HCOC;H;
6115
Hippuric acid (€
|
CeHs
Azlactone
: H30"  CH—COOH + C4HsCOOH
Na\Hg—) C¢H5CH; CHCOOH — C6H5——CH2 (I:H gee Benzole acld

' NH,
NHCOC6H5 Phenylalanine



4.8. PHYSICAL PROPERTIES OF o-AMINO ACIDS 29
As already mentioned, amino acids are generally crystalline solids which behave in salt i
manner. They melt with decomposition at high temperature. likg
They are soluble in polar solvents like water but are practically insoluble in Organic soly
like benzene, cther and alcohol. eny
Their aqueous solutions behave like solutions of substances having high dipole Moments
All these characteristics have already been explained in terms of their ‘dipolar ionic’ Strucﬁ,,e
(section 4.3).

4.9. CHEMICAL PROPERTIES OF a-AMINO ACIDS*

It has been already stated that the dipolar ionic structure (I) of amino acids exists in equilibriyp
with the ions (I) and (IIT) which have free amino and carboxyl groups respectively. As such amip,
acids can still display the characteristics reactions of amines as well as carboxylic acids.

- H* - ut
RCHCOO™ == RCHCOO™ ——
I OH™ l OH™ RCI:HCOOH
i "NH; *NH;
(I 0 N

It may be seen that in basic solution, the above equilibrium is predominantly in favour of the ion (I)»
that reactions involving amino group are carried out in basic solution. Similarly reactions involving it
carboxyl group are carried out in acidic solution because in that case the equilibrium is strongly in favourq
the ion (II1).

A few reactions of the amino and carboxyl groups are described below for the sake of illustratiot

4.9.1. Reactions due to Amino Group _
Amino acids undergo the usual reactions characteristics of amino group as described belo:
(1) Reaction with mineral acids. Amino acids react with mineral acids to form correspondifé

salts. RO

* Not included in the syllabus.
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4.10. CLASSIFICATION AND NOMENCLATURE OF PEPTIDES 32 SN E
4.10.1. Classification

Peptides are classified as dipeptides, tripeptides, tetrapeptides and finally polyp

5
!
:
5\.
according as the number of amino acid residues per molecule is two, three, four or mora t {

plig, '

. hanl
. i : . Wy
For example, glycylglycine (shown above) is a dipeptide, glycylalanylleucine is a tripeptjq, Whirlt:.
a polypeptide may be represented as shown below. ?
&2 + : ;
H3 NCH>—CO—NH—CH—CO—NH—CH—COO™ H3N TH— O NH= |CH—]CO —NHCHoy |
| l ) |
CH; CH, —CH—CH R . R
2 ‘ 3 Polypeptide "
CH (R may stand for similar or dissimilar f
3 alkyl or aryl groups)
Tripeptide

{
G'l_'.'q'lalan)‘lleucine (Gly-Ala-Leu) [
The repeating unit in the polypeptide chain is —NH—CH—CO — :

R

It may be seen that the peptides have a free — IiIH3 on one end and a free — COO" 8r0UP;,

on the other. The amino acid having the free — IGH3 group is called N-terminal amino ad¢
residue while the amino acid having the free group —COO is called the C-terminal amino a|
residue. In writing of formulae of peptides, we always start from the left with the N-terminal amin|
acid residue and then proceed to the right towards the C-terminal amino acid residue. '.

H3NCH—CO—NH—CH—CO—NH—CH—COO-

| | |

/ CH3 CH—-CI‘I3 CH)_OH C-terminal
Nierraaal | amino acid ‘{
amino acid CH3 ;

Peptide bonds
Alanylvalylserine

4__—/&] |

It may be noted that there is no sharp dividing line between a polypeptide and a protein. However, the usz,g |
convention is that peptides of molecular mass upto 10,000 are known as polypeptides ; above 10,000 they
- considered as proteins. )

e

i
For naming the peptides, the names of constituent amino acids are written starti'é .
N-terminus and proceeding to C-terminus.

4.10.2. Nomenclature
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GEOMETI’W OF PEPTIDI BOND

it
an phown by Lewlns 1P
” V:?I,(*fly()llcl m\?,'l the |wu‘:;m.“’v;‘ (hat the peptide hond s planar in nature, The four at '
e I. ((‘( )) Il ‘ . ! ) ~URIDoOng ““l"_“(' “’ ” ”l‘ i“ ”"0 HATTIL ‘,h”“. (/n” ’ ‘ ’ : g /””f{:”’
e [ o] 1 teann porttion with reapect to each other, 'Th f I  hydrogen (of NH)
19 1 ey i, Thie carbon-nitrogen bond dists
en found to be 137 pm o1 (2 A (COMDAr ien bond distance
‘ ‘ pared (o usual carbon-nity '
| Eloate o 147 A Indie el arhon-nitrogen single bond digtance
| of 147 pm (“ e ) \;. feating that carbon nitrogen bond has about !;4)"/.: ohmhl’:)* bond ¢ fl .Innu
rlhermore; yond angle meanurements have revealed that the angles of 1) b t' i o
AL e bonides 1O pitrogen are

gmilar 0 those aboul the trigonal carbon atom an shown in Vig, 6.2
1 0,2

I
O | R i

|
124" ‘l)l; I’J,F"“Ti'/,’;" \/ " j
110" “. Cdy I
/kd; N ,/)(I‘M “x\'\// ~ y on, /
| (

C (

/ \ | 124 \
1 ‘") " H/ i

R Il /

)

Fig. 4.2, Geometry of peptide bond
n bond has about 50% double bond character,
hybrid of following structures.

Since carbon-nitroge the peptide bond may be
| represented as a resonance

- P'l'r'x,-, S & / 4....—-—’ (1 - N /
: SeNNy = H
| 412.SYNTHESIS OF PEPTIDES FROM AMINO ACIDS
ein chemistry is the synthesis of s0me of the

1 One of the notable achievements in the field of prot : :
| Polypeptides in the laboratory in recent years. Theoretically it seems very gimple to synthesise
| Polypeptides by the condensation of similar or dissimilar amino acids in such a way that the carboxly‘l
{ 8roup of one molecule of an amino acid condenses with the amino group of a neighbouring m"}’)"?‘fﬂ‘-'
i But in actual practice this cannot be done 80 casily because of certain problems. We shall now Q hrgﬂ i'
& discuss what are these problems and how werc {hese overcome in the ‘carhcr a'ttqn}gtg “f),:’ﬁlgwe& Ey
1 gfepﬁdes called clagsical synthesis or solution phase synthesis of peptides. This wilibe

description of modified procedure developed for this purpose.

4121, Classical Peptide Synthesis

. The essential considerations involve :
“ndensation of amino acid molecules and the exper imes

ighe ides by the
i . tri- and higher pcptldcb by
in the formation of di-, tri- and i i
e tal procedure {ollowed are g1VeD below
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The condensation readtion brbvwresy (3eo AN i il molecules to form peptida |
endothermic reaction and does not take place easily. Therefore, what is done in 40, 1; il
. - Y y _— po ot L4 i R

actd molevule is activated by conversion of e P,

that the carboxylic group of one aming
actend with the aming group of anather aming acid e ;“rr
L4

into acid chloride. This is then re Mg,
But there s another problem caused by the presence of both the acid Broup an;:’"‘iu‘
group in the same molecule. To understand this problem, let us consider the g“‘-n.!}mk; thw .
(Ala—Gly). Let us say, we first activate the carboxy] gnm"‘ ;4':‘”
 abee.

dipeptide, alanylglycine
converting it into aad chloride and then allow it to react with glycine. In practice, afan. . " e
e T T

ne but also with another molecule of its own. Therefoge e o

also Ala—Ala. This would mean that the yield of ';‘ reag &

the different products formed would have 1y m-ﬂm,a - B
ey

can react not only with glva
would vield not only Ala—Gly but
sroduct would be low. At the same time,

which itself is quite difficult.
To overcome this problem what is done is to “protect” the amino group of the fire "
2

acid before the acid is converted into the chloride. This involves the conversion of anmyn,,

into some other group (of low nucleophilicity) which would not react with the chlunmh;":
or with the acid chloride formed. The usual method of protecting the amino group by m,.k
or benzoylation is not feasible here. This is because attempts to remove the pmtmtting ‘k::
benzovl group from the acetylated peptide formed lead to the cleavage of peptide bond as vi §
suitable protecting group is that which can be easily introduced in the starting amino ‘M‘H
can be removed after the reaction without disturbing the peptide bond formed. A numh:i
reagents have been developed for this purpose. One such reagent is benzyloxycarbonyl (haw:

b

O 3

{(earlier known as carbobenzoxy chloride), C,H,CH,—O—C—Cl:

It forms benzyloxycarbonyl derivative of the amino group of the amino acid. The benzyion !
carbonyl group can be removed after the desired reaction, without disturbing the peptide b}
formed, either on catalytic reduction or treatment with hydrobromic acid in acetic acid.

A typical peptide synthesis from amino acids may, therefore, involve the following steps

(i) Protection of amino group i one of the amino acids with benzyloxycarbonyl group or any ég

suitable protecting group.
(i) Activation of the carboxyl g
(i) Formation of peptide linkage
(iv) Removal of the protecting group without disturbing the p
Let us illustrate the above synthetic route by considering the

roup of the above protected acid by converston into acid chloride
by reaction of the acid chloride with another amino acud molecs
eptide bond.

synthesis of glycylala

nive #8

-

dipeptide). e
(i) Protection of amino group. e
+ -HCI ;
CyHsCH;0COCI - + Hy NCH,COO™ — C6H5CH20CONHCH:COOH
Berzyloxycarbonyl chloride Glycine N-Benzyloxycarbonyl glyane

(i) Formation of acid chloride :

CHsCH,OCONHCH ;O
~ 503, ~ HCl Aqid chlonde af Nebenzy Joxyvarbony

;_ 330

(iiiy Formation of peptide linkage : §
ST ¥ w1 cHOX
CgHsCHOCONHCH,COCI Hy NCHCOO™ ———o €4 HsCHyOCONHCH,CONHEHS
~ HC
| 0.!3!'13 CHz

Alanine N-Benzyloxycarbonyl 8".*"“""“




PROTEINS C|/\
[‘n“"ins are extremely complex natural polymers which are r

” cssential for the grox.vth and maintenance of life (Greek proteibs = fi
‘-;nl‘":l'\,ﬂ‘:x | given the name proteins (Mudlar 1839), They are present in all living cells ; being found
iy “twl' ;i\'cr}' part of every Plant and animal. In huma i :
2 n :nts of muscles, skin, hair, nails, blgod tendons, arte
::lﬁ“.‘;‘\:‘ yroteins in different plants and animals and ev
st i S e
i slementa 1t1on proteins are m i
%{\\\\"“. :lc'l:ll}whur in many cases. Phospﬁorus, iron, m i : hydrogen’ it peoteine
e "i:;‘ C‘&.ulﬂr masses of proteins are very high and
o egome pl.otelns. . -
e 8 plants synthesise proteins from carbon dj
als, on the other llmnd, h_ave to mainly de
An from chemical point of view, proteins are

fhan 10,000

9 CLASSIFICATION OF PROTEINS

proteins are arbitrarily classified in man
jsification are given below.
\

oxide, water and inorganic nitrogenous substances.
pend upon the plants for their protein supply.

essentially polypeptides having molecular mass more

y different ways. Two of the widely used systems of

113.1. Classification According to Three Dimensional Structure

According to one system of classification, proteins are divided into two main classes depending
gon their three dimensional structure. These classes are :

(1) Fibrous proteins. These proteins consist of linear, threadlike molecules which tend to lie
ide by side to form fibres. The peptide chains in them are mostly held together by strong
miermolecular hydrogen bonds. They are tough and insoluble in water.

They serve as the chief structural material of animal tissue. Important examples of fibrous

proteins are keratin in skin, hair, nails, wool, horn and feathers ; collagen in tendon ; fibroin in silk
and myosin in muscles.

(2) Globular proteins. These proteins consist of
blded into compact units which approach spheroid

shabilised by intramolecular hydrogen bonds. They are g
ofacids, bases or salts.

The function of these proteins is to maintain and regulate life processes. Thus this class of
Poteins includes all enzymes, many hormones (e.g. insulin from the pancreas and thyroglobulin from

polypeptide molecules that are extensively
al shapes. The peptide chains in them are
enerally soluble in water or aqueous solution

&e thyroid gland), haemoglobin which transports oxygen from the lungs to tissues, albumin from
o, ete,
L Table 4.3. Comparison of fibrous and globular proteins
‘~~___ Fibrous proteins Globular proteins
{1 These proteing consist of linear thread- | These proteins consist of molecules which are
like molecyles whch lie side by side. extensively folded into compact units
) TR, - approaching almost spherical shapes. ’
hrgre 1S extensive formation of Hydrogen bonding and van der Waal's
ht)ei ;?) en‘ bonding between interactions exist between different parts of
(i) g ouring chains, polypeptide chain.
| (i) They Are insoluble in water. They are soluble in water. _
. =Y are stable towards small changes They are very sensitive to changes in
—Perature ang pH. temperature and pressure.
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a0 M
ydrolysle Products e ey
o clan cording, iy
profuing are fannllied nd g 1o theiy it
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4.13.2. Clasaification According To H
llub

According to thin ayrtem ol [antlfication,
" 1] M
hon hynlmlyuiri yield only aming acids -

and hydrolysts products,
[actalbumin, serum ““““hin) Th
’ x[()bu“;

(1) Simple proteins, Thede are the profeine whic

important examples are s albaming (nuch an Cpp alhumin,

(such as glutenin in wheal and coryzenin in rice) hich @ protein part is united v

(2) Conjugated proteins. Theue are the proteing in W 1“ ' l(wll il e with Sy,

non-profein part called prosthetic group. The pmnllwllv part is mostly -erned with (h, "Peéi:
biological functions of the protein, : L '

',I"lw conjugated |u'n|vlhm may be further divided into different classes dcpcndmg Upon

nature of prosthetic group. Thus we have g . !

(/) Nucleoproteins such as nuclein of plandular tissuce (pl‘()th.(‘r‘-“.‘ group btl!lng nucleic aciq

(i) Glyco proteins such ag mucin which is a constituent of saliva (prosthetic group being g,

carbohydrale). . i

(iii) Chromo proteins such as hacmoglobin and chlorophyll (prosthetic group being ¢

Cu, Mn elc. inits structure) and so on. ‘

btained by the partial h)’dmly;

ation products 0

pigment having some melal such as Pe,
proteoses, peptones, peptides, etc.

(3) Derived proteins. These are the degrad
of simple or conjugated proteins. For example, we have
4.14. GENERAL CHARACTERISTICS OF PROTEINS*

d as follows :

ristics of proteins may be summarise
ally present in poteins are carbon, hydrog,

almost always : C = 51-52%, O = 22¢
nt, occur to the extent of 1% and (3

The important characle
(1) Elemental composition. The elements gener
oxygen and nitrogen. Their approximate composition is
N = 16% H = 7%. Sulphur and phosphorus, when prese

respectively.
ar mass. The molecular masses of proteins are very high and values runnj

(2) High molecul
into several millions have been reported for certain proteins. The reported molecular masses,

some proleins are : egg albumin 34,000-44,000 ; milk globulin 35,000—40,000 ; haemoglobin 65,0
70,000 and casein 75,000-100,000.

(3) Physical state. Proteins are generally colourless, tasteless, amorphous solids having1
definite melting point. Some of them have, however, been obtained in crystalline form.

They are usually colloidal in character and have a strong tendency to adsorb other substanc
By making use of their readiness to form colloidal solutions, proteins can be separated from solt

crystalline salts by the process of dialysis.
(4) Amphoteric nature. Like amino acids, proteins exist as amphoteric dipolar ions capat

of reacting with both acids and bases.
(5) Optical activity. All proteins are optically active and further all of them have !

L-configuration as they are composed of L-amino acids. :

(6) Isoelectric point. Like amino acids, there exists for each protein an isoelectric point
certain pH, at which its ionisation is minimum and it is least soluble. For example, casein h!
isoelectric point at pH 4.6. This property of proteins is often utilised in their isolation. {

(7) Hydrolysis. All proteins can be hydrolysed in the presence of acids, alkalies 0 ez
The hydrolysis proceeds slowly and in stages and the end products are simple amino ad®
sequence of hydrolytic products may be shown by the following scheme in which each bl

product is less complex than the preceding one. 3
Proteins — Proteoses —— Polypeptides — Simple peptides — Amino acit®

Conjugated proteins also yield products other than peptides or amino acfs;_/—/

4
vide i

Sections 4.14, 4.15, 4.16 are not included the syllabus. These have been given here only t0 P B

‘information.



stion. Proteins are extremely se
o e ? ;nd many other reagents, When treated in this
2% 7 piological activity. This phenomenop i : ;

8 it bl:i ed are called denatureg i 1 g'ao“ n as ‘den‘aturatlon and the modified
P o Proteins, Chaturation ig accompanied by changes

(RSB o conformation an i : .
= uchasc d optical rot:ftlon as well. Two Very common examples of
88 White by the action of heat and curdling of milk,

oo~ ,:-\ of proteins are : coagulation of e

Fad® o . o .

P onditions under :

{1 the mild €C ehld‘ denaturaho.n takes place, the covalent bonds are noy
structure Temains intact, Byt the

‘ tertiary structure ge
) andomly coiled structure, = B
= tion is generally irrevesible ip nature
A urd
7 penall

NN, TP ’2 4127
. : J~

action of heat, acids, alkalies, salts of
way, proteins are rendered insoluble

nsitive tg the

ool S e ) ulated egg cannot change
wwoked egg by cooling. Similarly cyrdleq milk does not change into original homogenous
P ! .
, i":“genamfahon' Proteins can also be

Precipitated or coagulateq from thei . ’
yon with soluble salts like ammon; . : eir solutions by

saturating
%7 jcohol, acetone, etc. This is reversih
b

: | form can be
i gent '%'hls PTOCess is known as renaturation It is
,»f_ anied by the complete recovery of original bxological activity and tertiary structure
':':L 1
| ANALYS|S OF PROTEINS®
s

proteins give a number of colour rea
| . ever, essentially the tests of certain

; oved collectively to analyse the nature of proteins,
" Theimportant tests are described below :

(1) Biuret test. This test consists in addin
gizfon of protein when a bluish violet col
irolytic products of proteins such as proteoses and peptones.
‘ a') Ninhydrin test. Proteins as well

as amino acids produce a blue to red v
vhn ireated with ninhydrin, i.e. triketohydrindene hydrate.

(3) Heller's test. When concentrated nitric acid is poured along the sides of a test tube
erizining protein solution, a white precipitate appears at the junction of the two layers. This test
scommonly employed for detecting albumin in urine.

(2) Xanthoproteic test. When warmed with concentrated nitric acid, cert
%skin of the hand) produce a yellow colour. The test is given by
'::imphane‘ . . .

() Millon’s test. On treatment with a solution of mercury in nitric aqd (which fumxshes_ a
Xture of mercuric and mercurous nitrates), proteins containing tyrosine produce a white
Fe0pitate turnin ) _ :
“?Gfﬁl) hiollischgsto'l':(ti. When concentrated sulphuric agid is addeq dropwise tohax_x alcgé\:lg;
| SXution of a-naphthol and protein taken in a test tube, a violet colour is formed at the junc
?WD’A)EIS Thls test is gwen by glyco proteins.

V8.BIOLOGICAL IMPORTANCE OF PROTEINS®

e r. But
+. Proteins are very essential for animal life as they serve many useful functions in the body. Bu
Hore i, 2

; : i ids.

into their constituent amino acids

y 13 , they must be hydr01YSEd into et ak the protein

B?drol)':i}s gantartsbegh&l:idtobrzfgk? Ev%cge hygrochloric acid and the enzyme f‘mp :: db::;ti; :nrr‘npleft‘

D loyer molecular mass polypeptides. In the intestine, mﬁﬁey? :;S t;rg,{;loOd stream and carried

. 5 z : . i re assumila verted back into

i h}dmlyms to form amino acids. The aﬁgfiﬁgﬁ; of the amino acids are conv tlrgi;in i’tw.:s f:wls
e CO;HS e partzoodf = lzgfe);for its continued well being while others g€

b Toteins which the body req

ctions that are used in their anal

ysis. These reactions are,
Amino acids and other reactiv

€ groups and are, therefore,

g a drop of copper sulphate solution to an alkaline
our develops. The test is also given by the bigger

iolet colouration

ain proteins (such as
proteins containing tyrosine or




o UCTION
 qRODUCTIOR
i pers are very large molecyles with ve

VO,);U!”S joined together in a regular 1,

CO"IPOS('
RN : many, mers = p,
& gmple molecules from which the ; Y parts).

. €peating st : :
process of formation of polymers fropm, b g5 uctural units are derived

the simple starti ;
i e mg molecyles (ie., the
ﬁerisaﬁon' Polyethylene+CH, - cy > _]? £or

ry high molecy
Y (Greek poty

lar masses '(UhiCh are

d of many smal|

are called monomers
monomers) is known as

ant example of a widely

S, a r . _
| . Forexample in case of polyethylene T Polymer generally contains two kinds of end
P b group may be CH,CH, -
b polyethylene may be repesented as : 3~

and -CH = CH;,_ 50
" n@Hﬁsz FOH—CH 4y, cn =y,

However, the nature of end groups depends upon the method of preparation of ¢ me

| pdinmany cases the end groups are not known with certai L e ire POLyEs

. ) nty. As such polymers are often written
{terms of recurring units only such as—f- CH, — CHs, in case of polyethylene.
gmopolymers and Copolymers.

Homopolymers. A polymer which is obtained from only one type of monomer molecules is known as
umopolymer. For example, polyethylene is a homopolymer obtained by the polymerisation of
uly one type of monomer molecules i.e. ethylene.

Copolymer. A polymer made from two or more types of monomer molecules is referred toas a copolymer

©) O

C —(CH,), —C—NH(CHZ)ﬁNHJL is a

latin cum = together). For example, nylon 66

opolymer obtained from adipic acid and hexamethylene diamine.

Properties of Polymers. The properties of a polymer are very much dependent upon thi, kmv:lst
ttmonomers from which the polymer is obtained and upon its molecular mass. B_Vlvar_\“_ﬂg t issct‘\
1. 3 . anv ’ C Proc S
Spossible to have polymers having tailor-made properties. .Thus, wehave m‘t}:} p?hf:::rl:dp we also
{hich are tough, flexible and resistant to most of the chemlc.al reagents. On t levo : _n:ere' . qéll
Ve polymers \’Nhich have a waxy feel and are insoluble in most of the solvents. S
| thers which have excellent thermal and electrical properties. hemical industry deals with the
1 ltis not surprising, therefore, that a large part of modern chemicz str
. 7 .
4 < ic materials. °rs
'g “Sovery and production of polymeric m’}t‘:; made or synthetic polymers,. Hz‘crc are rrtlztti/\-;;:wiléxiirz; rr:
i n:;may be pointed out that aparltl fxl‘or;\ ;:,\dxstarch We also have semi-synthetic {mhr/r::t(:; sy
s . el ulos : : - exampie, ray i
. \xal origin such as pmt(.emsf o {ly occurring polymers. g gs. However, I
.“Med by chemical modification of naturally <ed rubber belong to this clas:
““late), gun-cotton (cellulose trinitrate) and Vu{c?::;rs only.
, 4 hapter we shall be dealing with synthetic POty
; 5/
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PARATION OF SYNTHETIC POLYMERS
s involves two essential requirements. Thege i
e

2 PRE

he preparation of synthetic polyme
(£) The reosomen wsad i polymerisation should be of the highest purity and
(@) The rction conditions should be carefully controlled.

becanse the reactions involved in polymerisation must proceed in almost quany,

This s
vields. Any undesitable side reaction can stop polymer chains from growing further and thy, ky
. a

e formation of high molecular mass polymers.
The processes involved in the synthesis of polymers can be broadly divided into two Categoy
) ) i

Those are !
() Addition or chain-growth polymerisation and

(i) Condensation or step-growth polymerisation
Let us discuss the two types one by one.
5.3. ADDITION OR CHAIN GROWTH POLYMERISATION

This tupe of polymerisation involves the addition together of the molecules of the monomer or monor.
to form a large polymeric molecule in which the molecular formula of the repeating structural unit is thes:
as that of the starting monomer. Polymers thus formed are referred to as addition or chain-gron
polymers.

Addition or chain growth polymerisation generally takes place among molecules contain:
carbon-carbon double bonds. The reaction is started by a suitable initiator which adds to a carix
carbon double bond to form a reactive intermediate. This intermediate adds to a second molecule
monomer to form a new intermediate which, in turn, adds to third monomer unit and so on. Inf
way, the polymer chain keeps on growing by the successive addition of monomers, one ata timé,
the reactive end of the chain. The complete process is sometimes also referred to as vin
polymerisation.

Pegending upon the monomer taken and the initiator used in the above polymerisationt’l
reactive intermediates may be free radicals, carbocations or carbanions. Some of the well-kno¥

polymers formed by this method are polyethylene{ CH, — CH,}-, polypropylene

r iR . :
+-CH; |CH ]L , polyvinyl chloride, /-CH, — CH - 'and polyacrylonitrile
CH; |, Cl
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[ CH, — CH
(I:N » Let us now discuss in detail the mechanism of chain grow
n

lymerisati e
polymerisation by starting with free radical vinyl polymerisation.



