Textbook for Class XII

Ok 0.
4

Punjab School Education Board
Sahibzada Ajit Singh Nagar



© Punjab Government

Revised Edition : 2023 ........... 16,000 Copies

| This book has been adopted with the kind permission of the
National Council of Educational Research and Training, New Delhi]

All rights, including those of translation, reproduction
and annotation etc., are reserved by the
Punjab Government.

Co-ordinator :  Upneet Kaur Grewal
Subject Expert, P.S. Edu.B.

Artist . Manjit Sing Dhillon

WARNING
1. The Agency-holders shall not add any exira binding with a view to charge extra money
for the binding, (Refl.Cl. No.7 of agreement with Agency-holders).

2. Printing, Publishing, Stocking. Holding or Selling etc., of spurious Text-books qua
text-books printed and published by the Punjab School Education Board is a

cognizable offence under Indian Penal Code.

(The textbooks of the Punjab School Education Board are printed on paper carrying
water mark of the Board.)

fea yAsSd fegdat »e aat o |

Published by : Seeretary, Punjab School Education Board, Vidya Bhavan, Phase-8, Sahibzada
Ajit Singh Nagar 160062 & Printed at ; Nova Publications, C-51, Focal Point Ext.,
Julandhar - 144004,

(if)




FOREWORD

Punjab School Education Board has continucusly been engaged in
preparation and review of syllabi and textbooks. In today's scenario, imparting
right education to students is the joint responsibility of teachers as well as
parents. With a view to carry out entrusted responsibility, some important
changes pertaining to present day educational requirements have been made
in the textbooks and syllabus in accordance with NCF 2005.

Science has an Important place in school curriculum and a good textbook
is the first requisite to achieve desired learning outcomes. Therefore, the
content matter of Chemistry for the class XIl has been so arranged so as to
develop reasoning power of the students and to enhance their understanding
ol the subject. Graded questions and exercises have been given to suit the
mental level of the students. This book is prepared by NCERT. New Delhi for
class X1l and is being published by Punjab School Education Board with the
permission of NCERT, New Delhi. This step was taken (o maintain the
uniformity in the Chemistry Subject so that Science student will have no
problem while facing the common entrance test at a senior secondary stage.

Every effort has been made to make the book useful for students as well
as for the teachers. However, constructive suggestions for its further
improvement would be gratefully acknowledged.

Chairman
Punjab School Education Board
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[wii] HD—D—E—O—GH (viil) HC-CEmC-CH=CH-C-OH

8.4 (i) Heplan-2-one (ii] 4-Brome-2-meithylhexanal (1ii} Heplanal
(iv] 3-Fhenylprop-2-enal (vl Cyclopentanecarbaldehyde {vi] Diphenylmethanone
NQ, N-OH
8.5 (i Q—cmmm—@—lﬂm ki
I
Oc
(ii) CIIE—GII(UCE (iv) :rNNH—E—-NH!
H,IIE—CH,
f&/& ou
(vl H,C-CH,-C-CH,~CH,-CH, (wil I]—CQECHJ
OH &
| 1]

C C
8.6 (i UIE';H 1) O/ "\a

0 OC,H,
CH#NNH—(%—NH: {I:x CHy
(] Cr (iv] 1 Nocn, )

8.7 (i), v. (d), fit): Aldol condensation. (i), (@i}, (& Cannizaro reactiom. [iv), (vill) Nelther.
8.10 2-Eihylbenzaldehyde (draw the structure yourself ).
8.11 () CH,CH,CH,COOCH,CH,CH,CH,, bulyl butanoale,
(8] CH,CH,CH, COOH () CH,CH,CH,CH,OH. Write equation yoursell,
8.12 (i) Di-tert-butyl ketone < Methyl tert-butyl ketone < Acetone < Acetaldehyde
() (CHYJ,CHCOOM < CHCH,CH,COOH < CH,CH(ErCH,COOH < CH,CH,CH{BrjCOOH
{1if) 4+-Methoxybenzoic acid < Benzodc acld < 4-Nitrobenzole acld < 3.4-Dinitrobenzoic acid.

COOK cocl ?
8.17 (i) Cr fii] u fiii) C;H.CH=NNHC-NH,
CoCl

O
l

Q C
| Men
(ivl CH,COCI-AIC, v o {vi) H
Co0 COOH

[wii) CHLCH=C-CHO + other (viii) CH,CH{OH)CH,COOC,H, (ix] O‘D
(IEH products
&

(x) 1.BH,; 2. H,0,/OH; 3.PCC (xi) O‘D

8.19  The compound is methy] Ketone and its structure would be: CH,COCTLCILCIL,
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Objectives

Afler studying this Unit, you will be
able to

name haloalkanes and haloarenes
according to the IUPAC sysiem of
nomenclature from their given
structures: '
describe the reactions inveolved in
the preparation of haloalkanes and
halparenes and uvnderstand
various reactions thal they
undergo;

correlate the siructures of
haleoallkanes and haloarenes with
various types of reactions;

use stereochemistry as a tool for
understanding the reaction
mechanism;

appreciaie the applications of
organo-melallic compounds;
highlight the environmental eflecis
ol polyhalogen compounds.

Halo:alliahas;: and
Halbarenes

Halogenaled compounds persist in the environment due Lo (heir
resistance to breakdown by soill bacteria.

The replacement of hydrogen atom(s) in an aliphatic
or aromatic hydrocarbon by halogen atom(s) results
in the formation of alkyl halide (haloalkane) and aryl
halide (haloarene), respectively, Haloalkanes contain
halogen atom(s) attached to the sp® hybridised carbon
atom of an alkyl group whereas haloarenes conlain
halogen atomi(s) attached to sp? hybridised carbon
atom(s] of an aryl group. Many halogen containing
organic compounds occur in nature and some of
these are clinically useful. These classes of compounds
find wide appliéatlm_ls in industry as well as in day-
to-day life, They are used as solventls for relatively
non-polar compounds and as starting materials for
the synthesis of wide range of organic compounds.
Chlorine coniaining antibioiiec, chloramphenicol,
produced by microorganisms is very ellective for the
meatment of typhoid fever. Our body produces iodine
containing hormone, thyroxine, the deficiency of which
causes a disease called goiter. Synthetic halogen
compounds, viz. chloroquine is used for the treatment
ol malaria; halothane is used as an anaesthetic
during surgery, Certain fully fluorinated compounds
are being considered as potential blood substitutes
in surgery.

Iny this Unit, you will study the imporiant methods
of preparation, physical and chemical properties and
uses of organchalogen compounds.



0.1 Classi Jr iration Haloalkanes and haloarenes may be classilied as follows:

6.1.1 On the These may be classified as mone, di, or polyhalogen (tri-,tetra-, etc.)
Basis of compounds depending on whether they contain one, two or more halogen
Number of atoms in their structures. For example,

Halogen . CH,X
CH. X
Atoms CEHBK |H2 [I]H}{
CH, X |
CH,X
Monohaloalkane Dihaloalkane Trihaloalkane
X
o O
X
Monohaloarene Dihaloarene Trihaloarens

Monchalocompounds may further be classified according to the
hyhridisation of the carbon atom to which the halogen is bonded, as
discussed helow.

6.1.2 Compounds  This class includes
Containing ) Ajjcyl halides or haloalicanes (R—X)

SC—X
;Pm d(X=F In alkyl halides, the halogen atom is bonded to an alkyl group (R).
Cl, Br, ) They form a homologous series represented by C I, X. They are

further classified as primary, secondary or tertiary according to the
nature of carbon to which halogen is attached. If halogen is attached to
a primary carbon atom in an alkyl halide, the alkyl halide is called
primary alkyl halide or 17 alky] halide. Similarly, if halogen is attached
to secondary or tertiary carbon atom, the alkyl halide is called
secondary alkyl halide (27) and tertiary (3°) alkyl halide, respectively.

EiT Il{r '[i{.r
R’—(E'.‘-—}; R'— (If =X R”—(I:'—K

H H R
Primary (17 Secondary [27) Tertiary [37)

(b) Allylic halides

These are the compounds in which the halogen atom is bonded to an
sp’-hybridised carbon atom adjacent to carbon-carbon double bond
(C=C] i.e. to an allylic carbomn.

o H.X
Allylic r:,arbun/c
(c) Benzylic halides

X Allylic carbon

These are the compounds in which the halogen atom is bonded to an
spF-hybridised carbon atom attached to an aromatic ring.
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R
CH,X X
o™ O
(1%) R'=CH,, R"=T1(2)

R'=R'"= CH, (3
6.1.3 Compounds This class includes:

a)] Vinylic halides
f;f‘é“_‘;‘“ﬂ (a) Vinylic halid
Bond These are the compounds in which the halogen atom is bonded to

a spf-hybridised carbon atom of a carbon-carbon double bond

&= =\ O,x
X

(b) Aryl halides

These are the compounds In which the halogen atom is directly
bonded to the sp*-hybridised carbon atom of an aromatic ring.

O O
HLC

0.2 Momenclature Having learnt the classification of halogenated compounds. let us now learn

how these are named. The common names of alkyl halides are derived by
naming the alkyl group followed by the name of halide, In the TUPAC system
of nomenclature, alkyl halides are named as halosubstituted hydrocarbons.
For mono halogen substituted derivatives of benzene, common and [UPAC
names are the same. For dihalogen derivatives, the prefixes o-, -, p-are
used in common system but in [UFAC system, as you have leamnt in Class
XI, the numerals 1,2; 1,3 and 1,4 are used.

CH
; H,C-CH-CH, i
CHOHCH By L H,C~CH-CH,CI
Conmon name: n-Propyl bromide Isopropyl chloride Isobutyl chloride
IUPAC name: 1-Bromopropane 2-Chloropropane 1-Chloro-2-methylpropane
Br Br
g
Br Br Br
Common name: Bromobenzene m-Dibromoeobenzene sym-Tribromobenzene
IUPAC name: Bromobenzene 1.3-Dibromobenzenc 1.3.5-Tribromobenzene
s C
C—CH-C
H,,C-(i'J—CH;CTI Hs ]|3 e
r
CH,4
IUPAC name: 1-Chlore-2. 2-dimethvlpropane 2-Bromopropane

The dihaloalkanes having the sarme type of halogen atoms are named
as alkylidene or alkylene dihalides. The dihalo-compounds having both
the halogen atoms are further classified as geminal halides or gem-dihalides
when both the halogen atoms are present on the same carbon atom of the

LGd: Haloalkanes and Haloarenes



Example 0.1

ﬁr;iyriun

Chemistry g

chain and vicinal halides or vic-dihalides when halogen atoms are present
on adjacent carbon atoms. In conmmmon name system, gem-dihalides are
named as alkylidene halides and vic-dihalides are named as alkylene

dihalides. In [UPAC system. they are named as dihaloalkanes.

H,C—CHCL, Haill—ilng
Cl Cl
Common name:  Ethyldene chloride Ethylene dichloride
[gem-dihalide) (vic-dihallde

IUPAC niame:

1. 1-Dichloroethane

1, 2-Dichloroethane

Some commeon examples of halocompounds are mentioned in Table 6. 1.

Table 6.1: Common and IUPAC Names of some Halides

Structure Common name IUPAC name
CH,CH,CH[C1)CH, | sec-Butyl chloride |Z2-Chlorobutane
{CHg)sCCHBr neo-Pentyl bromide | 1-Bromo-2,2-dimethylpropane
(CH.)CBr tert-Butyl bromide 2-Brome-2-methylpropane
CH,= CHCI Vinyl chlioride Chloroethene
Cli,= CHCILBr Ayl bromide 3-Bromoproperne

|
@ o-Chlorotoluene 1-Chloro-2-methylbenzene
CH, or
CH.CI 2-Chlorotoluene
- ©( Benzyl chloride Chlorophenylmethane
CH,Cl, Methylene chloride | Pichloromethane
CHC1, Chloroform Trichloromethane
CHB1, Bromoform Tribromomelhane
CCly Carbon tetrachloride Tetrachloromethane
CH,CH,CH,F n-Propyl fluoride l-Flueropropane

Draw the siructures of all he eight structural isomers thal have the
molecular formula C.H, Br. Name each isomer according (o IUPAC system
and classify them as primary, secondary or tertiary bromide.

CH;CH,CH,CH,CH,Er  1-Bromopentane (17)
CH.CH,CH,CH{ECH;  2-Bromopentane(2°)
CH.CHCH(Br)CH,CH; 3-Bromopentane (27)
(CH,),CHCH..CH.Br 1-Bromo-3-methylbutane (1°)



{CH,),CHCHErCH, 2-Bromo-3-methylbutane(2")

(CHg),CBrCH,CH, 2-Bromo-2-methylbutane (3°)
CH3CH,CHICH4)CH,Br 1-Bromeo-2-methylbutane(1%)
{CH;);CCH,Br 1-Bromo-2,2-dimethylpropane (17
Write [UPAC names of the following: Exumple 0.2
H H CHy HsGC  CHg
A W o\ (] )=SE
(1) i = H Br 5 Br
HiC H:C HyC
HyC CHg H H H. 2y
(1) = H w P~ H (vi) )_SE ‘
H Br H Br H B
H H H
i) 4-Bromopent-2-ene (i) 3-Bromo-2-methylbut-1-ene ,ﬁ:sgrmﬂ,]g
(iti) 4-Bromo-3-methylpent-Z-ene  (iv] 1-Bromo-2-methylbut-2-ene
(v) 1-Bromobut-2-ene (vi) 3-Bromo-2-methylpropene

[ntext Question

6.1 Write structures of the following compounds:
il 2-Chloro-3-metlhylpentane
{if) 1-Chloro-4-ethyvleyclohexane
(iii) 4-tert. Butyl-3-indoheptane
(iv) 1,4-Dibromobut-2-ene
tv) 1-Bromo-4-sec, butyl-2-methylbenzene.

6.3 Vature ﬂf Halogen atoms are more electronegative than carbon, therefore,
carbon-halogen bond of alkyl halide is polarised; (he carbon atom bears
C-X_Bond a partial positive charge whereas the halogen atom bears a partial

negative charge.

_}3&:}{5'
¥

As we go down the group in the periodic table, the size of halogen
atom increases. Fluorine alom is the smallest and iodine atom is the
largest. Consequently the carbon-halogen bond length also increases
from C—F to C—I. Some typlcal bond lengths, bond enthalpies and
dipole moments are given in Table 6.2.

Alleyl halides are best prepared from alcohols, which are easily accessible.

g3 Taloalkanes and Haloarenes



Bond Bond length/pm C-X Bond enthalpies/ kJmol? Dipole moment/Debye
CH,-F 139 452 1.847
CH- Cl 178 351 1.880
CH-Br 193 293 1.830
CH 214 234 1.636

Table 6.2: Carbon-Halogen (C—X) Bond Lengths, Bond
Enthalpies and Dipole Moments

0.4 Methods of

DOreparation
of Haloalkanes

6.4.1 From Alcohols

5.4.2 From
Hydrocarbons

Chemistry yghiid

The hydroxyl group of an alcohol is replaced by halogen on reaction with
concentrated halogen acids, phosphorus halides or thionyl chloride.
Thionyl chloride is preferred because in this reaction alkyl halide is formed
along with gases 50, and HCI. The two gascous producis are escapable,
hence, the reaction gives pure alkyl halides, The reactions of primary and
secondary alcohols with HCI require the presence of a catalyst, ZnCL,
With tertiary alcohols, the reaction is conducted by simply shaking the
alcohol with concentrated HCI at room temperature. Constant boiling
with HBr (48%) is used for preparing alkyl bromide. Good yields of
R—I may be oblained by healing aleohols with sodium or polassium
lodide in 95% orthophosphoric acid. The order of reactivity of alcohols
with a given haloacid is 3°>2°>1". Phosphorus ribromide and triiodide
are usually generated in silu (produced in the reaction mixture) by the
reaction of red phosphorus with bromine and jodine respectively.

Zn
ROH + HOl —2 5 R-Cl+ HO

R-OH + NaBr + H,50,——» R-Br + NallSO, + H,0
3R-OI1 + P¥, = 3R-X+ H,PO, [X=Cl Br)

R-OH + PClL — R-Cl + POCl + HC1

red P/ -
F—0OH _xlb R-X

Fg=Br, 1,
ROl + 50C], —» R-Cl + SO, + HCI

The preparation of alkyl chloride is carried out either by passing
dry hydrogen chloride gas through a sohution of alcohol or by heating
a mixture of aleohol and concentrated aqueous halogen acid.

The above methods are not applicable for the preparation of aryl
halides because the carbon-oxygen bond in phenols has a partial double
bond character and is difficult to break being stronger than a single
bond.

) From alkanes by free radical halogenation

Free radical chlorination or bromination of alkanes gives a complex
mixture of isomeric mono- and polyhaloalkanes, which is difficult to



Identify all the possible monochloro structural isomers expected tobe  Coample 0.3 |
formed on free radical monochlorination of (CH,),CHCH,CH,. i

In the given molecule, there are four different types of hydrogen atoms.  Solulion
Replacement of these hydrogen atoms will give the following

(CH,),CHCH,CH,CI (CH,) ,CHCHI[CIICH,
(CH,),C(CICH,CH, CH,CH(CH,CIICH,CH,

6.4.3 Halogen
Exchange

separale as pure compounds. Consequently, the yield of any single
compound is low.

CH4CHyCH, CHy SRV UM, oy CH,CH,CH,Cl + CHaCH,CHCICH,

or heat

() From alkenes

i)l Addition of hydrogen halides: An alkene is converled to
corresponding alkyl halide by reaction with hydrogen chloride.
hydrogen bromide or hydrogen iodide.

“~ rd . ”
O=C + HY — *C=—C
e b ..'-"l I\

H X

Propene yields two products, however only one predominates as
per Markomikov's rule. (Unit 13, Class XI)}

CH,CH = CH+ H-l — CH,CH,CH,] + CH,CHICH,
minor major
(i) Addition of halogens: In the laboratory, addition of bromine in
CCl, to an alkene resulting in discharge of reddish brown colour
of bromine conslitules an important method for the detection of
double bond in a molecule, The addition resulls in the synthesis
of vic-dibromides, which are colourless (Unit 9, Class XI).

H ccl, :
3:: + Br, =———s BrCH;-CH;Er
H H vie-Dibromide

i

Alkyl iodides are often prepared by the reaction of alkyl chlorides/

bromides wilth Nal in dry acelone. This reaction is known as Finkelstein
reaction.

B-X + Nal]———R-1 + NaX

X*=Cl.Br

NaCl or NaBr thus formed is precipitated in dry acetone. It facilitates
the forward reaction according to Le Chalelier's Principle.

The synthesis of alkyl fluorides is best accomplished by heating an
alleyl chloride /bromide in the presence of a metallic fluoride such as

J6a. MTaloalkanes and Haloarenes



AglF, IIgﬂF‘_}_, E::nI-"2 or ShF 4 The reaction is termed as Swarts reaction.
H,C-Br + AglfF ——— HC=F + Aghr

@_5 ?jrelrmmliml 0 I|r (i} From hydrocarbons by electrophilic substitution

Haloarenes

Chemistry

ka6

Aryl chlorides and bromides can be easily prepared by electrophilic
substitution of arenes with chlorine and bromine respectively in the
presence of Lewis acid catalysts like iron or iron(Ill) chloride.,

CHs " CHs CE
O ~=C - 0O

o-Halotoluene  p-Haloioluene

The oriho and para isormers can be easily separated due to large
difference in their melting points. Reactions with jodine are reversible
in nature and require the presence of an oxldising agent (HINO,,
HIO,) to cxddise the HI formed during iodination. Fluoro compounds
are not prepared by this method due to high reactivity of fluorine.

(ii} From amines by Sandmeyer's reaction
When a primary aromatic amine, dissolved or suspended in cold
agqueous mineral acid, Is treated with sodlum nitrite, a diazonium
salt is formed. Mixing the solution of freshly prepared diazonium
salt with cuprous chloride or cuprous bromide results in the
replacement of the diazonium group by -Cl or —Br.

+ -
3 \|
;L T — N,X
273278 K

Benzene diazorniizm
halide

+ -
@,M}{ Cu,X, 0/}{
—_—

Aryl halide X=CIl, Br

Replacement of the diazonium group by iodine does not require the
presence ol cuprous halide and is done simply by shaking the diazomium
salt with potassium iodide.

SRy o gn



Cxample 04 Write the products of the following reactions:

“1 H | ypr—s @ CH,-CH,-CH=CH, + HCl—*
H H
) O,CHE-?:C}I; + HBr L=tomde,
: H
Suluﬂ.tug
& C H,—CH, -5
Q (i) CHE—CHQ—?H—CH, (i) G, H,~CH,~CH,-Br
EBrHH 1

[nlext uestions

6.2 Why is sulphuric acid not used during the reaction of alechels with EI?
6.3 Write structures of different dihalogen derivatives of propane.

6.4  Among lhe isomeric alkanes of molecular [ormula C_H ,, idenlily the one that
on photochemical chlorination yields

(i} A single monochloride.
[if}j Three isomeric monochlorides.
fiiif Four isomeric monochlorides.

6.5 Draw the structures of major monohalo products in each of the following
reactions:

CH,CH,

OH (i) Bri, heat or
CH,U'H CH,
(i) G + Hol =ty i) O’ L —
OH

heat
() CH,CH,Br + Nal —» (vi) O + Br, mlﬁ
0.6 physim? Alkyl halides are colourless when pure, However, bromides and iodides

develop colour when exposed to light. Many volatile halogen compounds

yl‘ﬂpﬂrti = have sweel smell,

g Haloalkanes and Haloarenes
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Melting and boiling points

Methyl chloride, methyl bromide, ethyl chloride and some
chlorolluoromethanes are gases ail room temperature. Higher members
are liquids or sclids. As we have already learnt, molecules of organie
halogen compounds are generally polar. Due to greater polarity as well
as higher molecular mass as compared to the parent hydrocarbon, the
intermolecular forces of attraction (dipole-dipole and van der Waals)
are stronger in the halogen derivatives, That is why the boiling points
of chlorides, bromides and iodides are considerably higher than those
of the hydrocarbons of comparable molecular mass.

The attractions get stronger as the molecules get bigger in size and
have more electrons. The patiern of variation of boiling points of different
halides is depicted in Fig. 6.1. For the same alkyl group. the boiling
peints of allkyl halides decrease in the order: RI>= RBr= RCl= RF, This
is because wilh the increase in size and mass of halogen atom, the
magnifude of van der Waal forces increases.

B F (K .
400 4 | B ]
| [ ey
300
T i
200 =
100
T

CH,X CH,OH,X CH,CH,CH,X

Fig. 6.1: Comparison of boling points of some allyl halides

The boiling points of isomeric haloalkanes decrease with increase
in branching. For example, 2-bromo-2-methylpropane has the lowesl
boiling poinl among the three isomers.

g
CHyCH,CH,CHzBr  CHyCHRCHCHg  HeC—(~CHj

Br Br

bp/K 375 364 346

Boiling points of isomeric dihalobenzenes are very nearly the same.
However, the para-isomers are high melting as compared to their ortho-
and metadsomers. It is due to symmetry of para-isomers that fits in
crystal lattice betler as compared to ortho- and meta-isomers.



cl Cl cl
>l o
[ |
1
446G 445

bp/K 453
. g/ K 256 249 323
Density
Bromo, iodo and polychloro derivatives of hydrocarbons are heavier than

water. The density increases with increase in number of carbon atoms,
halogen atoms and atomie mass of the halogen atoms (T'able 6.3).

Table 6.3: Density of Some Haloalkanes

Density (g/mlL)
1—-CLIT] 0.89 CH;Cl; 1.336
n-CyH.Br 1.335 CHCly 1.489
11-CyH | 1.747 ccl, 1.595
Solubility

The haloalkanes are very slightly soluble in water. In order to dissolve
haloalkane in water, energy is required to overcome the attractions between
the haloalkane molecules and break the hydrogen bhonds between water
molecules. Less energy is released when new aliractions are set up between
the haloalkane and the waler molecules as these are not as strong as the
original hydrogen bonds in water. As a result, the solubilily of haloalkanes
in water is low. However, haloalkanes tend to dissolve in organic solvents
because the new intermolecular attractions between haloalkanes and
solvent molecules have much the same strength as the ones being broken
in the separate haloalkane and solvent molecules.

[ntext (uestion
6.6 Arrange each set of compounds in order of increasing boiling points.
i) Bromomethane, Bromoform, Chloromethane, Dibromomethane,
([ii) 1-Chloropropane, Isopropyl chloride, 1-Chlorobutane.

6. 7 @hgmfm} The reactions of haloalkanes may be divided into the following categories:
Weactions 1. Nucleophilic substitution

2. Eliminaltion reactions
3. Reacton with metals.

(1} Nucleophilic substitution reactions

You have learnt in Class XI that nucleophiles are electron rich species.
Therefore, they attack at that part of the substrate molecule which

is electron deficienl. The reacltion in which a nucleophile replaces

6.7.1 Reactions of
Haloalkanes

468 Halvalkanes and Haloarenes



already existing nucleophile in a molecule is called nucleophilic
substitution reaction. Haloalkanes are substrate in these reaclions.
In this type of reaction, a nucleophile reacts with haloalkane (the
subsirate) having a partial positive charge on the carbon atom bonded
to halogen. A substitution reaction takes place and halogen atom,
called leaving group departs as halide ion. Since the substitution
reaction is initiated by a nucleophile, it is called nucleophilic
substitution reaction.
- \3* &~ N\ =
Nu + '—fc—h —p ‘?C—Nu + X

It is one of the most useful classes of organic reactions of alkyl
halides in which halogen is bonded to sp? hybridised carbon. The
products formed by the reaction of haloalkanes with some common
nucleophiles are given in Table 6.4.

Table 6.4: Nucleophilic Substitution of Alkyl Halides (R-X)
E=X#+Nu" - R=Nu+X"

Reagent Nucleophile Substitution Class of main
{Nu) product R-Nu product

NaGQH (ROH) HO- ROH Alcohol

H.O H,O ROH Alcohol

NalOR R o ROR Ether

Nal l R—l Alleyl iodide

NH, NH, RNH, Primary amine

R’ NH, R'NH, RNHR' Sec. amine

R'R' ‘NH R'R' 'NH RNR'R'’ Tert. amine

KCN caN RCN Niirile

feyanide)
AgCN Ag-CN: RNC Isonitrile
[isocyanide)

ENO, O=N—0 R—O—N=0 Alkyl nitrite

AgNO, Ag—0O—N=0 R—NO, Nitroalkane

R COOAg R COO R COOR Ester

LiATH, H RH Hydrocarbon

R -M* R~ RE Alkane

Groups like cyanides and nitrites possess two nucleophilic cenires
and are called ambident nucleophiles. Actually cyanide group is a
hybrid of two coniributing structures and therefore can acl as a
nucleophile in two different ways [FC=N « :C=N%], ie., linking through

Chemistry gl



Haloalkanes react with KCN to form alkyl cyanides as main product Example 0.5
while AgCN forms isocyanides as the chief product. Explain.

KCN is predominanily ionic and provides cyanide ioms in solulion. Solubion
Although both carbon and nitrogen atoms are in a position o donate

electron pairs, the attack takes place mainly through carbon atom and

not through nitrogen atom since C—C bond is more stable than C—N

bond. However, AgCN is mainly covalent in nature and nitrogen is free

Lo domate electron pair [orming isocyanide as the main product.

=¥

carbon alom resulling in alkyl cyanides and through nitrogen atom
leading lo isocyanides. Similarly nilrite ion also represents an ambident
nucleophile with two dilferent points of linkage [(O— N =0]. The linkage
through oxygen resulls in alkyl nitriles while through nilrogen atom, it
leads to nitroalkanes.

Mechanism: This reaction has been found to proceed by two different
mechanims which are described helow:
(a) Substitution nucleophilic bimolecular (S 2)

The reaction between CHZCl and hydroxide fon to yield methanol and
chloride ion follows a second order kinetes. i.e., the rate depends
upon the concentration of both the reactants.

H

I N
i
DH + )—{‘i _— [[[(}"-.L...Ci —_— H{'}—(.,'H + CQ
H H

8

The =solid wedge represents the bond coming out of the paper, dashed line going down the
paper and a siraight line representing bond in the plane of the paper.

The above reaction can be represented diagrammatically as shown in
Fig. 6.2.

L2 900 R O—0e ©

Fig. 6.2: Red ball represents the incoming hycraxide {on and green ball represents
the oulgoing halide ion

In the year 1937, It depicts a bimelecular nucleophilic substitution (S,2) reaction;
Edward Davies Hughes  {he incoming nucleophile interacts with alkyl halide causing the
?:’::ﬂj" ?QT;;'E“E; carbon-halide bond to break and a new bond is formed between
mfchqnisfn fﬁr an S,2 carbon and attacking nucleophile. Here it is C-O bond formed between

reachion. C and -OH. These two processes take place simultaneously in a

Jifd:Haloalkanes and Haloareness



single step and no intermediate is formed. As the reaction progresses
and the bond between the incoming nucleophile and the carbon
atom starts forming, the bond between carbon alom and leaving
group weakens. As this happens, the three carbon-hydrogen bonds
of the substrate start moving away from the attacking nucleophile. In
transition state all the three C-H bonds are in the same plane and the
allacking and leaving nucleophiles are parlially allached lo lhe
carbon. As the attacking nucleophile approaches closer to the carbon,
C-H bonds still keep on moving in the same direclion Lill the altacking
nucleophile attaches to carbon and leaving group leaves the carbomn.
As a result configuration is inverted, the configuration (See box) of
carbon aftom under atlack inverls in much the same way as an
umbrella is tumed inside out when caught in a strong wind. This
process is called as inversion of configuration. In the transition
state, lhe carbon atom is simultaneously bonded to incoming
nucleophile and the outgoing leaving group. Such structures are
unstable and cannot be isolated. Thus, in the transition state, carbon
is simultaneously bonded to five atoms.

Configuration

Spacial arrangement of lunetional groups around carbon is ealled its configuration.
See the structures (A) and (B) given below carefully.

Mirror

P:I-r Br

e
H“-]f\c] C]/ \I“H

(A) (B)

These are the two structures of the same compound. They differ in spacial arrangement
of functional groups attached to carbon. Structure (A) is mirror image of Structure (B).
We say configuration of carbon in structure (4) is mirror image of the configuration of
carbon in structure (B).

Hughes worked under Since this reaction requires the approach of the nucleophile to the
Ingold and eamed a carbon bearing the leaving group, the presence of bulky substituents
ESC dﬁgmd':;' the o1 or near the carbon atom have a dramatic inhibiting effect. Of the
miversity of London.  n e alkyl halides, meihyl halides react most rapidly in S,2 reactions
because there are only three small hydrogen atoms. Tertiary halides

are the least reactive because bulky groups hinder the approaching

Chemistry gl



nucleophiles. Thus the order of reactivity lollowed is:
Primary halide > Secondary halide > Tertiary halide.

Nu: fé\\%—}{ N == @a—}{ Nu:

O @

MET.h}Fl ELh_‘!.-’l i Iig ISDprﬂijl oo
(30) (1) (0.02) ()

Fig.B6.3: Steric effects in 5,2 reaclion. The relative raie of 542 reaction is given in parenthesis

(b) Substitution nucleophilic unimelecular (S,1)

Syl reactions are generally carried out in polar protic solvents
(like water, alcohol, acetic acid, etc.). The reaction between tert-
butyl bromide and hydroxide ion yields tert-butyl alcohol and
follows the first order kinetics, Le.. the rate of reaction depends
upon the concentration of only one reactant, which is tert- butyl
bromide,

(CH),CBr + OH — [(CH),COH + Br

2-Bromo-2-methylpropane 2-Methylpropan-2-ol

It occurs in two steps. In step [, the polarised C—Br bond undergoes
slow cleavage (o produce a carbocation and a bromide ion. The
carbocation thus lormed is then atlacked by nucleophile in siep II
to complete the substitution reaction.

CH,

step 1
[CH,),CBr =—m—— + Br

H,C CH,

CH,

- iep I1
)\ + OH ——X— s (CHJ,COH
H.C CH,

Jaa:Haloalkanes and Haloarenes



Step 1 is the slowest and reversible. 1t invelves the C—Br bond breaking for which the
energy is oblained through solvation of halide ion with the prolon of protic solvenl. Since
the rate of reaction depends upon the slowest step, the rate of reaction depends only on the
conceniration of alkyl halide and not on the concentration ol hydroxide ion. Further, greater
the stability of carbocation, greater will be its ease of formation from alkyl halide and faster
will be the rate of reaction. In case of alkyl halides, 37 alkyl halides undergo 5,1 reaction
very fast because of the high stability of 5° carbocations. We can sum up the order of reactivity
of alkyl halides towards S,1 and 5,2 reactions as follows:

For 5,2 reaction 5

Tertlary halide; Secondary halide; Primary halide; CHX

& ]

> For 5,1 reaction

For the same reasons, allylic and benzylic halides show high reactivity towards the Syl
reaction, The carbocation thus formed gels stabilised through resonance (Unit 8, Class XI) as

shown below:
HECHC}P

HoC= “El CHj,

u I, CHg

J— 0 ——C

For a given alkyl group, the reactivity of the halide, R-X, follows the same order in both the
mechanisms B-1> R-Br>R-Cl>>R-F.

In the following pairs of halogen compounds, which would undergoe Cxample 0.0
5,2 reaction faster?

O—Cl—lg(?] and O—m; AN and S

O—CH;;[H It is primary halide and therefore undergoes 5 2 Solulion
reaction faster.

| As iodine is a better leaving group because of its
large size,; it will be released at a faster rate in the
presence of incoming micleophile.

Predict the order ol reactivity of the flollowing Cxample 0.7
compounds in 5,1 and 5 2 reactions:
(i) The four isomeric bromobutanes

(M) C,H,CH,Br, C,H.CHIC,H,)Er, C.H.CH(CH) Br, C,H.CICHI(C H)Br

Chemistry glafd



Solution @i CH,CH,CH,CH,Br < (CH,),CHCH,Br < CH,CH,CH(Br)CH, < (CH,),CBr (S,1)

CH,CH,CH,CH,Er > (CH,),CHCH,Br > CH,CH,CH(Br)CH,> (CH,),CBr (S,2)

Of the two primary bromides, the carbocation intermediate derived from
(CH.},CHCH,Br is more stable than derived from CH.CH,CH,CH,Br becatise
of greater electron donating inductive effect of (CH,),CH- group. Therefore,
[CH,),CHCH,Br is more reactive than CH,CH,CH,CH,Br in Syl reactions.
CH3;CH,CH(Br)CH; is a secondary bromide and (CHy);CBr is a terfiary
bromide. Hence the above order is followed in Syl. The reactivily in S,2
reactions follows the reverse order as the sterie hinderance around the
electrophilic carbon increases in that order.

(1) CHCICHNCHIBr > ColCHICHBr > CLCHCHIBr > CH.CH,Br (Sy1)

C HCICHNC.HJBr < CH.CHICH,)Br < CH.CHICH,)Br < C.H.CH,Er (5,2)
Of the two secondary bromides, the carbocalion intermediate obtained
from C.H,CH(C H,JEr is more stable than oblained from C.H,CH(CH,Er
because il is stabilised by two phenyl groups due lo resonance. Therefore,
the former bromide is more reactive than the latter in 5,1 reactions. A
phenyl group is bulkier than a methyl group. Therefore, C_ I CH(C 1 )Br
is less reactive than C_H,CH[CH )Br in 5 2 reactions.

[c) Stereochemical aspects of nucleophilic substitution reactions
In order to understand Lhe stereochemical aspects ol subslilution
reaclions, we need to learn some basic stereochemical principles
and notations (optical activity, chirality, retention, inversion,
racemisation, etc.).

(Il Optical activity: Flane of planc polarised light produced by
passing ordinary light through Nicol prism is rotated when it
is passed through the solutions of certain compounds, Such
compounds are called optically active compounds, The angle

William Nicol [1768-

by which the plane polarised light is rotated is measured by an

1851) d-‘l-:;'fﬁ}lped ﬂ;fﬁf 5{;‘- instrument called polarimeter. If the compound rotates the plane
prism that produce T nlane 1 ht 1.e.. : & . 2
Fine nelotind S of plane polarised light to the right, 1.e., clockwise direction, it

(i)

is called dextrorotatory (Greek for right rotating) or the d-form
and is indicated by placing a positive (+) sign before the degree
of rotation. If the light is rotated towards left (anticlockwise
direction), the compound is said to be laevo-rotatory or the
Horm and a negalive (- sign is placed before the degree of
rotation. Such (+) and {4 {somers of a compound are called
optical isomers and the phenomenon Is termed as optical
isomerism.

Molecular asymmetry, chiralily and enaniiomers: The
observalion of Louis Pasteur [1848) thal crystals of certain
compounds exlst In the form of mirror images laid the
foundation of modern stereochemistry. He demonstrated that
aqueous solulions of both types of cryslals showed oplical
rotalion, equal in magnitude (lor solulion of equal conceniration)
but opposite in direction. He belleved that this difference in
optical activity was associated with the three dimensional
arrangements of atoms in the molecules (configurations) of

lia: Haloalkanes and Haloarenes



Jacobus Hendricus
Van't Hoff (1852-18911)
received the first Nobel
Frize in Chermastry in
1901 for his work on
solLitions.

lwo types of erystals. Dulch seientist, J. Van't Hoff and French
scientist, C. Le Bel In the same year (1874), independently
argued that the spatial arrangement of four groups (valencies)
around a central carbon is tetrahedral and if all the substiluents
attached to that carbon are different, the mirror image of the
molecule is nolt superimposed [overlapped) on the molecule;
such a carbon is called asymmetric carbon or stereocentre.
The resulting molecule would lack symmetry and is referred to
as asymmetric molecule. The asymmetry of the molecule along
with non superimposability of mirror images is responsible for
the optical activity in such organic compounds.

The symmetry and asymmelry are also observed in many day to day

objects: a sphere, a cube, a cone, are all identical to

CHERALITY

o ) S g o

LN ol S ale o ol -

o

i 5

their mirror images and can be superimposed.
However, many objects are non superimposable on
their mirror images. For example, your left and right
hand look similar but if you put your left hand on
your right hand by moving them in the same plane,
they do not coincide, The objects which are non-
superimposable on their mirror image (like a pair
ol hands) are said to be chiral and this property is
known as chirality. Chiral molecules arc optically
active, while the objects, which ave, superimposable
on their mirror images are called achiral. These
molecules are optically nactive.

The above test of molecular chirality can be
applied to organic molecules by constructing

K oy Mmoo .y models and its mirror images or by drawing three
"'__‘::::."' ‘_:"_"‘""":' dimensional structures and attempting to
: —_— superimpose them in our minds, There are other
! . aids, however. that can assist us in recognising
Fig 6.4: Some common examples of chiral and (:hu.*a] molecules. Qnﬂ such aid is the pre:aenc?e of
achiral objects a single asymmetric carbon atom. Let us consider
two simple mnolecules propan-2-ol (Fig.6.5) and butan-2-ol (Fig.6.6)
and their mirror images.
Ivﬂ{rﬂr
: D
i
t HO &,— OH
i
Propan-2-ol E Mirror image of | Rotated mirror image
! propan-2-o0
A ; B c
180°
Fig 6.5: B iz miror image of A: B {5 rotafed by 180° and C is
obtained; C is superimposable on A.
As you can see very clearly, propan-2-ol (A) does not contain an asymmetric
carbon, as all the four groups attached to the tetrahedral carbon are not

different. We rotate the mirror fmage (B} of the molecule by 180° (structure
C) and try to overlap the structure (C) with the structure (A), these structures
completely overlap. Thus propan-2-ol is an achiral molecule.
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Fig. 6.7:

e
.
LY}

o

A chiral moelecule
and its mirror inage

Example 6.8

MitTor

)
@ O11

Butan-2-ol Mirror image of | Rotated mirror image
hutan-2-ol
D E F

180°
Fig 6.6: Eis mirror image of D; E is rolaled by 180° lo gel F and F is
non stperimposable on its mirror image D,

Butan-2-o0l has four dilferent groups altached to
the tetrahedral carbon and as expected is chiral. Some common
examples of chiral molecules such as
2-chlorobutane, 2, 3-dihyroxypropanal, (OHC-CHOH-CH,OH),
bromochloro-iodomethane (BrCICHI). 2-bromopropanoic acid
(H,C-CHBr-COOH). ete.

The stercolsomers related to each other as non-
superimposable mirror images are called enantiomers
(Fig. 6.7). A and B in Fig. 6.5 and D and E in Fig. 6.6 are
enanbomers,

Enantiomers possess identical physical properties namely.
melling point, beiling point, refractive index, etc. They only differ
with respect to the rotation of plane polarised light. If one of the
enantiomer is dextro rotatory, the other will be laevo rotatory.

| However, the sign of optical rotation (5 not necessarily related to
ithe absolute (actual) configuration of the molecule,

A mixture containing two enantiomers in equal proportions
will have zero optical rotation, as the rotation due to one isomer
will be cancelled by the rotation due to the other isomer. Such
a mixture is known as racemic mixture or racemic
modification. A racemic mixture is represented by prefixing ol
or (1) before the name, for example (+) butan-2-ol. The process
of conversion of enantiomer into a racemic mbdure is known as
racemisation.

3

Identify chiral and achiral molecules in each of the following pair of

compounds. (Wedge and Dash representations according to Class XI.

Br

H

(1)

H

I
H % I‘IJC7|\ _
U e %\cm H”C/Xg\cm
HE o o
0 )

(i)

(i) CH,CHCH,CH, CH,CH,CH,CH,Br

I
Br

(il

(i)

li: Haloalkames and Haloarenes
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(i)

CH,CHCH,CH,  Solulion

Br

Reiention: Retention ol configuration is the preservation ol the spatial
arrangement of bonds to an asymmetric centre during a chemical
reaction or transformation,

In general, if during a reaction, no bond to the stereocentre is broken,
the product will have the same general configuration of groups
around the slereocenire as thatl of reactant. Such a reaction is said
to proceed with retention of the configuration. Consider as an
example. the reacton that takes place when |-)-2-methylbutan-1-ol
is heated with concentrated hydrochloric acid.

CH heal CH, ;

-y . z L e
HofuCH,==OH  + H-Cl ———  Ha=CHAmCL | oy

iy i
CH, CH,

{—-2-Methylbutan-1-ol {+)-1-Chloro-2-methylbutane

(i)

It is important to note that configuration at a symmetric cenire in
the reactanl and product is same but the sign of optical rotation
has changed in the product. This is so because two different
compounds with same configuration at asymmetric centre may have
different optical rotation. One may be dextrorotatory (plus sign of
optical rotation) while other may be laevorotatory (negative sign of
optical rotation).

Inwersion, retention and racemisation: There are three outcomes
[or a reaction al an asymmeiric carbon atom, when a bond direcily
linked to an asymmeiric carbon atom is broken. Consider the
replacement of a group X by Y in the following reaction:

C.H, y CH, C:Jh
e — — v Wy
CH, Y X CH, 3
B A
Y
A+B

If (A) is the only compound obtained, the process is called retention
of configuration. Nole that configuration has been rolated in A.
If (B) is the only compound obtained, the process is called Inversion
ol configuration. Configuration has been inverted in B.



If a 50:50 mixture of A and B is obtained then the process is called

racemisation and the product is optically inactive, as one isomer will

rotate the plane polarised light in the direction opposite to another.

Now let us have a fresh look at § .1 and § 2 mechanisms by
taking examples of optically active alkyl halides.

In case of optically active alkyl halides, the product formed as a
result of S;2 mechanism has the inverted configuration as compared
to the reactant. This is because the nucleophile attaches itself on the
side opposile to the one where the halogen atom is present. When
[-]-2-bromooctane is allowed to react with sodium hydroxide,
(+)-octan-2-ol is formed with the -OH group occupying the position
opposite to what bromide had occupied.

H,C CH,
IIH

cﬁ'i!_ Br 4%H — HO —%

Thus, 5,2 reactions of optically active halides are accompanied by
Inversion of configuration.

In case of optically active alkyl halides, Syl reactions are
accompanied by racemisation. Can you think of the reason why it
happens? Actually the carbocation formed in the slow step being sp?
hybridised is planar (achiral). The attack of the nucleophile may be
accomplished from either side of the plane of carbocation resulting in
a mixture of products, one having the same configuration (the -OH

+ Br®

13

CH,
HC it
HSCE;?—HT [Ee—— ] I_f' CH,CH, -
HO»
CH; CHy

- s ILC
HO o HO - OH IGH._ o1

HoCHy CH,CH, H;CCH,
[+j-Butan-2-ol “0n iButan-2-ol

Location of & and
f carbon in a
molecule

Carbon on which
halogen atom is
directly attached is
called g-carbon and
the carbon atom
adjacent to this
carbon is called
f-carbon.

&L (:32 Eix

attaching on the same position as halide ion) and the other having
opposile configuration (the ~OH attaching on the side opposite to halide
ion). This may be illustrated by hydrolysis of opiically active
2-bromobulane, which resulis in the lormation of (+)-bulan-2-ol.
2. Elimination reactions
When a haloalkane with B-hydrogen atom is heated with alcoholic
solution of potassium hydroxide, there is elimination of hydrogen
atom from B-carbon and a halegen atom from the e-carbon atom.

B H
- - _

B=Base ; X=Leaving group

178 Haloalkanes and [Haloarenes



As a resull, an alkene is lormed as a product. Since B-hydrogen
atom is involved in elimination, it is often called B-elimination.

If there is possibility of formation of more than one alkene due to
the availability of more than one -hydrogen atoms, usually one alkene
is formed as the major product. These [orm parl of a pallem first
observed by Russian chemist, Alexander Zaitsev (also pronounced as
Saytzell) who in 1875 formulated a rule which can be summarised as
“in dehydrohalogenation reactions. the preferred product is that
alicene which has the greater number of alkyl groups attached to the
doubly bonded carbon gtoms.” Thus, 2-bromopentane gives
pent-2-ene as the major produect.

Br
OH | OH
H,CeCH = CHSCHm C[, €= [,CaC{ mCHm I'C‘,I-I-"{III-Iz — H,C=CHmCH=CH=CH,
Pent-2-ene (8104) 2-Bromopentane H Pent-l-ene (19%)

Elimination versus  substitution
A chemical reaction is the result of competiton; it is a race thal is won by the fastest
runner. A collection of molecules tend to do, by and large, what Is easiest for them. An
alkyl halide with B-hydrogen atoms when reacted with a base or a nucleophile has two
competing routes: substitulion (3,1 and 52) and elimination. Which route will be taken
up depends upon lthe nature of alkyl halide, sirength and size of basc/nucleophile and
reaction conditions. Thus. a bullkier nucleophile will prefer to act as a base and abstracis
‘a proton rather than approach a tetravalent carbon atom (steric reasons) and wice verso
Similarly, a primary alkyl halide will prefer a S.2 reaction, a secondary halide- 52 or
elimination depending upon the strength of base/nucleophile and a tertiary halide- S5, 1 or
elimination depending upon the stability of carbocation or the more substituted alkene.

ch-E:P ‘}_@ CH,CH 67 ‘}_@

Elimnination us Substitution

3. Reaction with metals

Most organic chlorides, bromides and iodides react with certain
metals to give compounds containing carbon-metal bonds. Such
compounds are known as organo-metallic compounds. An
important class of organo-metallic compounds discovered by Viclor
Grignard in 1900 is alkyl magnesium halide, RMgX, referred as
Grignard Reagents. These reagents are obtained by the reaction of
haloalkanes with magnesium metal in dry ether.

CH,CH,Br +Mg S eher | cH CH,MgBr

Crignard reagent
Chemistry &6



6.7.2 Reactions of
Haloarenes

Victor Grignard had a strange starl in academic life for a chemisi - he
look a meaths degree. When he eventually swilched (o chendstry, if was
not to the mathematiocal province of physical chemistry but to orgonic
chemistryy. While altempiting to find an efficient calalyst for the process
of methylation, he noted that Zn in diethyl ether had been used for this
purpase and wondered whether the Mg/ether combination might be
successful. Grignard reagents were first reported in 1900 and Grignord
used this worl for his doctoral thesis in 1901, In 1910, Grignard oblained
a professorship at the University of Nancy and in 1812, he was moarded
the Nohel prize for Chemistry which he shared with Paul Sabatier who
had made advances in niclkel calolysed hydrogenation.

In the Grignard reagenl, the carbon-magnesium bond is covalent
but highly polar, with carbon pulling electrons from electropositive
magnesium; the magnesium halogen bond is essentially lonic.

8= G* H-
R-Mg X

Grignard reagents are highly reactive and react with any source of
proton to give hydrocarbons. Even water, alcohols, amines are sufficlently
acidic to convert them fo corresponding hydrocarbeons.

RMgX + H,0 ————s RH + Mg[OH)X

It is therefore necessary to avoid even traces of moisture from a Grignard
reagent. That is why reaction is carried oul in dry ether. On the other
hand, this could be considered as one ol the methods for converting
halides to hydrocarbons.

Wurtz reaction
Alkyl halides react with sodium in dry ether to give hydrocarbons

containing double the number of carbon atoms present in the halide.
This reaction is known as Wurtz reaction.

2ZBX 4+ 2Na —— RR+2NaX

1. Nucleophilic substitution
Aryl halides are extremely less reactive towards nucleophilic
substitution reactions due to the following reasons:
(I} Resonance effect : In haloarenes, the eleciron pairs on halogen
atom are in conjugation with n-electrons of the ring and the
following resonating structures are possible.

{olk O € @,
éa — @g — CQ — e@
¢

C—C1 bond acquires a partial double bond character due io
resonance. As a result, the bond cleavage in haloarene is difficult
than haloalkane and therefore, they are less reactive lowards
nucleophilic subsiitution reaction.

bl Haloalkanes and Haloarenes
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[ii) Difference in hybridisaiion of carbon aiom in C—X bond: In
haloalkane, the carbon atom altached to halogen is sp?
hybridised while in case of haloarene, the carbon atom attached
to halogen is sp*-hybridised.

X
¥~ (sp®-hybrid carbon Iilpt sp-hybrid ::arhun'

RS X

if

The sp® hybridised carbon with a greater s-character is more
elecironegative and can hold the electron pair of C—X bond
more tightly than sp*hybridised carbon in halecalkane with
less s-chararcter. Thus, C—Cl bond length in haloalkane is
177pm while in haloarene is 169 pm. Since it is difficult to
break a shorter bond than a longer bond, therefore, haloarenes
are less reactlive than halecalkanes towards nucleophilic
substitution reaction.

(iti) Instability of phenyl calion: In case of haloarenes, the phenyl
cation formed as a result of sell-jonisation will not be stabilised
by resonance and therefore, 5,1 mechanism is ruled out.

liv) Because of the possible repulsion, it is less likely for the electron
rich nucleophile to approach electron rich arenes.

Replacement by hydroxyl group

Chlorobenzene can be converted into phenol by heating In agqueous
sodium hydrexide solution at a temperature of 623K and a pressure
of 300 atmospheres,

)Cl: OH

(i) NaOH, 623K, 300 amn

(i) 11®

The presence of an electron withdrawing group (-NO_) at ortho- and
para-positions increases the reactivity of haloarenes.

:Cl* OH
(i) NaOH, 443K
(i) H®
NO, NO,
ol OH
NO: ) NaoH, 368K NO,
(i) 11®
NO, NO,



Cl : OH

O,N WO O,N NO,

H,O

NO, NO,

The effect is pronounced when (-NO,) group is introduced at ortho-
and para- positions. However. no effect on reactivity of haloarenes is
observed by the presence of electron withdrawing group at meta-position.
Mechanism of the reaction is as depicted:

C_lr—\q Cl. ,OH ClL._OH Cld.0H OH
Fast sl
¢ + Qo1 Slow step ‘ _._..._E&p¢
E o*@ 0

c)']g g 0’@‘8

P ISGI['[EI’

cl JH c
g te 2 'l Hq;;rég.
o-isomer

Ol _OH | OH

- . g.o—ﬁhm—m*(lj/gﬂﬁnme

'/\% Cl. _OH Cl. _OH
ﬁ h Sorse,

@
I:rﬂ

o
H

m-isoImner
OH

- ﬂ ﬁ.-ﬂ Fast step step ﬁ.‘g +C‘P

Can you think why does NO, group show its effect only at ortho- and pora- positions
and not at meta- posibon?

As shown, the presence of nitro group at ortho- and para-positions withdraws the
electron density from the benzene ring and thus facilitates the attack of the nuecleophile
on halparene. The carbanion thus formed is stabilised through resonance. The negative
charge appeared al ortho- and para- posilions with respect to the halogen subslituentl is
stabilised by -NO, group while in case of meta-nilrobenzene, none of the resonabting
structures bear the negative charge on carbon atom bearing the -NO, group. Therefore,
the presence of pifro group at meta- position does noi sitahbilise the negaiive charge and
no effect on reactivity Is observed by the presenece of -NO, group at rneia-position.
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2. Electrophilic substitution reactions

Haloarenes undergo the usual electrophilic reactions of the benzene
ring such as halogenation, nitration, sulphonation and Friedel-Crafis
reactions. Halogen atom besides being slightly deactivating is o. p-
directing; therefore, further substitution occurs at ortho- and para-
positions with respect to the halogen atom. The o, p-directing influence
of halogen atom can be easily undersiood if we consider ihe resonating
structures ol halobenzene as shown:

5 2 r 2
(@ -0
| 11 m IV

Duie to resonance, the electron densiity increases more at ortho- and
para-positions than al meta-positions. Further, the halogen atom
because of ils -1 effect has some lendency to withdraw electrons from
the benzene ring. As a result, the ring dels somewhat deactivated as
compared to benzene and hence the electrophilic substitution reactions
in haloarenes occur slowly and require more drastic conditions as
compared to those in benzene.

(i) Halogenation

Cl

Cl Cl
Anhyd, FeC “
+Cl,—¥l"C1" +
&l

1. 2-Dichlorobenzene

Mlinor)
1. 4-Dichlorobenzens

(Major)
(ii) Nitration
Cl Cl Cl
HNO, NO,
cone, HyS50, *
1-Chloro-2-nitrobenzene NO
(Minor) Y

1-Chloro-4-nitrobenzene

fifi} Sulphonation (Major)

Cl Cl1 Cl
—th +

2-Chlaorobenzenesulfonic acid S0O,H
(Minor)
4-Chlorobenzenesultionic acid
{Major)



Cxample 6.0

Sﬁfuliu-n

(iv] Friedel-Crafts reaction

@H}UCIL* G’ @

1-Chlora-2-methylbenzene

(Minor) 1~Cl'ﬂﬂl'ﬂ-4—:ﬂ&ﬂ1}.dbﬂ12&ﬂﬁ
(Major)
Cl
O +H C—E—C] i @JL 4
2-Chloroacetophenone
(Minior)

4-Chloroacetophenone
(Major]

Although chlorine is an electron withdrawing group, yet it is ortho-,
para- directing in electrophilic aromatic substitution reactions. Why?

Chlorine withdraws electrons through inductive effect and releases
electrons through resonance. Through induclive effect, chlorine
desiabilises the intermediate carbocation lormed during the electrophilic
substitution.

i :CL:

Vi

Inductive ellect destahilises the
intermediate carbocation

€L (:’iil:

6—\ ® @‘E laitack at ortho-position)
+ B ——m—m

Gl

[attack at para-position)

Resonance effect stabilises the

intermediate carbocation
Through resonance, halogen tends to stabilise the carbocation and
the effect is more pronounced at ortho- and para- positions. The
inductive effect is stronger than resonance and causes net electron
withdrawal and thus causes net deactivation. The resonance effect
tends to oppose the inductive effect for the attack at ertho- and para-
positions and hence makes the deactivation less for ortho- and para-
attaclk. Reactivity is thus controlled by the stronger inductive effect
and orientation is controlled by resonance effect.

ghizd:ITaloalkanes and Haloarenes



3. Reaction with metals

Wurtz-Fittig reaction
A mixiure of an alkyl halide and aryl halide gives an alkylarene when
treated with sedium in dry ether and is called Wurlz-Filtig reaction.

X R
Dy ether
() «vaeme 25 (7 v

Fittig reaction

Aryl halides also give analogous compounds when treated with sodium
in dry ether, in which two aryl groups are joined together. It is called
Fittig reaction.

+ 2NaX

Intext uestions

6.7 Which alkyl halide from the following pairs would you expect to reacl more
rapidly by an 5.2 mechanism? Explain your answer.

CH,
[
(i) CH,CH,CH,CH,Br or CHECHi(IIHC.H,, (i) CHacHz?HCHa or HHC-IIE—Hr
Br Br CH,
(i) CH,(IJHCH,CH,BI or CHE,CH,?HCHQBT
CH, CH,

6.8 In lhe following pairs ol halogen compounds, which compound undergoes fasler
Sy1 reaction?

Cl Cl

cl
(1) 4\ and A _. W N\/J\ and SN

6.9 Identify A, B, C, D. E, R and R! in the following:

O—Br+Mg diyether, 5 _HO . B

R-Br + Mg dmether, o~ DO CHS{I'JHCHQ

CH; CH, D
CH*_l_l_ cH, oNajether oo Mg o HO L o
CH, cH,

Chemistry &6



0.8 Dolyhalogen

E"rjmpnuuds

G.8.1 Dichloro-
methane
(Methylene
chloride)

6.8.2 Trichloro-
methane
(Chloroform)

6.8.3 Triiodo-
methane
(Iodoform)

65.8.4 Tetrachlo-
romethane
(Carbon
tetrachloride)

Carbon compounds containing more than one halogen atom are usually
referred to as polyhalogen compounds. Many of these compounds are
useful in industry and agriculture. Some polyhalogen compounds are
deseribed in this section.

Dichloromethane is widely used as a solvent as a paint remover, as a
propellant in aerosols, and as a process solvent in the manufacture of
drugs. If is also used as a metal cleaning and finishing solveni. Methylene
chloride harms the human central nervous system. Exposure to lower
levels of methylene chiloride in air can lead io slightly impaired hearing
and vision. Higher levels of methyvlene chloride in air cause dizziness,
nausea, tngling and numbness in the fingers and toes. In humans, direct
skin contact with methylene chloride causes intense bumning and mild
redness of the skin. Direct contact with the eyves can burn the cornea,

Chemically, chloroform is employed as a solvent for fats, alkaloids,
fodine and other substances. The major use of chloroform today is in
the production of the freon refrigerant R-22. It was once used as a
general anaesthetic in surgery but has been replaced by less toxic,
safer anaesthetics, such as ether. As might be expected from its use as
an anaesthetic, inhaling chloroform vapours depresses the central
nervous syslem. Breathing about 900 parts ol chloroform per million
parts of air (900 parts per million) for a short time can cause dizziness,
fatigue, and headache. Chronic chloroform exposure may cause damage
to the liver (where chloroform is metabolised to phosgene) and to the
kidneys, and some people develop sores when the skin is immersed in
chloroform. Chloroform is slowly oxidised by air in the presence of
light 1o an exiremely poisonous gas, carbonyl chloride, also known as
phosgene. It is therefore stored in closed dark coloured hottles
completely filled so that air is kept out.

2CHCL, + O, light 20001, + 2HCI
FPhosgene
It was used earlier as an antiseptic but the antiseptic properties are
due to the liberation of free iodine and not due to iodoform itself. Due

to its objectionable smell, it has been replaced by other formulations
containing lodine.

It is produced in large quantilies for use in the manufacture ol
refrigerants and propellants for aerosol cans. It 1s also used as
feedstock in the synthesis of chlorofluorocarbons and other chemicals,
pharmaceutical manufacturing, and general solvent use. Unfil the mid
1960s, it was also widely used as a cleaning fluid, both in industry.
as a degreasing agent, and in the home, as a spot remover and as fire
extinguisher. There iz some evidence that exposure to carbon
tetrachloride causes liver cancer in humans. The most common effects
are dizziness, light headedness, nausea and vomiting, which can cause
permanent damage to nerve cells. In severe cases, these effects can lead
rapidly to stupor, coma, unconsciousness or death. Exposure to CCl,
can make the heart beat irregularly or stop. The chemical may irritate
the eyes on contact. When carbon tetrachloride is released into the air,
it riges to the atmosphere and depletes the ozone layer, Depletion of the

hiag: Haloalkanes and Haloarenes



6.8.5 Freons

5.8.6 p,.p-Dichlo-
rodiphenyl-
trichloro-
ethane(DDT]

=
OumMmary

ozone layer is belleved to Increase human exposure to ultraviolet rays,
leading to increased skin cancer, eye diseases and disorders, and
possible disrupiion ol the immune system.

The chlorofluorocarbon compounds of methane and ethane are collectively
kmown as freons. They are extremely stable, unreactive, non-toxic. non-
corrosive and easily ligueliable gases. Freon 12 [CCLF,) is one of the
most common [reons in indusirial use. It is manufactured from
tetrachloromethane by Swarts reaction. These are usually produced
for aerosol propellants, refrigeration and air conditioning purposes. By
1974, tolal freon production in the world was about 2 hillion pounds
annually. Most freon. even thatl used in relrigeration, eventually makes
its way into the atmosphere where it diffuses unchanged into the
stratosphere. In stratosphere, freon is able to Initiate radical chain
reactions that can upset the natural oczone balance.

DDT. the first chlorinated organic insecticides, was originally prepared
in 1873, but it was not until 1939 that Paul Muller of Geigy
Pharmaceuticals in Switzerland discovered the effectiveness of DDT as
an insecticide. Paul Muller was awarded the Nobel Prize in Medicine
and Physiology In 1948 for this discovery. The use of DDT increased
enormously on a worldwide basis after World War II, primarily because
of its eflectiveness against the mosquito that spreads malaria and lice
that carry typhus. However, problems related to extensive use of DDT
began to appear in the late 1940s. Many species of insects developed
resistance to DDT, and it was also discovered to have a high foxicity
towards fish. The chemical stability of DDT and its fat solubility
compounded the problem. DDT is not metabolised very rapidly by
animals; instead, it is deposited and stored in the fatty tissues. If
ingestion continues at a steady rate, DDT builds up within the animal
over time. The use of DDT was banned in the United States in 1973,
although it is still in use in some other parts of the world.

Cl

1
Cl Cl
ClHa

DoOT

Alkyl/ Aryl halides may be classified as mono, di, or polyhalogen [iri-. tetra-, etc.)
compmumnds depending on whether they contain one, two or more halogen atoms in
their structures. Since halogen atoms are more elecironegative than carbon, the carbon-
halogen bond of alkyl halide is polarised; the carbon atom bears a partial positive
charge, and the halogen atom bears a partal negative charge.

Alkyl halides are prepared by the free radical halogenation of alkanes, addidon

of halogen acids to alkenes, replacement of —OH group of alcohols with halogens using

Chemistry
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phosphorus halides, thionyl chloride or halogen acids. Aryl halides are prepared by
electrophilic substitution to arenes. Fluorides and lodides are best prepared by halogen
exchange method.

The holling points of organchalogen compounds are comparaifvely higher than the
corresponding hydrocarbons hecause of strong dipole-dipole and van der Waals forces
of atiraction. These are slightly soluble in water bui completely soluble in organic
solvents.,

The polarity of carbon-halogen bond of alkyl halides is responsible for their
nucleophilic substitution, elimination and their reaclion with metal atoms to form
organometallic compounds. Nucleophilic substitntion reactions are categorised into
5.1 and 5.2 on the basis of their kinetic properties. Chirality has a profound role in
understanding the reaction mechanisms of 5,1 and 5.2 reactions. 5.2 reactions of
chiral alkyl halides are characterised by the inversion of configuration while 5,1 reactions
are characterised by racemisation,

A number of polyhalogen compounds e.g., dichloromethane, chloroform, iodoform,
carbon tetrachloride. freon and DDT have many industrial applicabions. However,
some of these compounds cannot be easily decomposed and even cause depletion of
ozone layer and are proving environmental hazards,

Exerclses

6.1 Name the following halides according to IUPAC system and classify them as

alkyl, allyl, benzyl (primary, secondary, tertiary), vinyl or aryl halides:

() (CH,),CHCHICICH, (i) CH,CH,CHICHJCH(C,H,)CI
(1) CIH,CILC(CH,),CH,1 {tv) (CH,),CCH,CH(Br)C,H,

(v) CH,CHICH/)CH(Br)CH, (vi) CH,CIC,H,),CH,Br
[vif) CILC(CI(C,H,)CH,CH, (vitl) CH,CH=C(ClCH,CHICH,),
(ix] CH,CH=CHC(Br(CH,), (x} p-CIC,H,CH,CHICH,),

(%) m-CICH,CJI,CH,C(CH,), Il o-Br-CJH,CICH,)CI,CH,
6.2 Glve the IUPAC names of the following compounds:

{1} CH,CH(CICH(Br)CH, I[ii) CHF,CErCIF (i) CICH C=CCIHBr

(tv) (CCL)CCl (v) CHC(p-CICH),CH{Br)CH, (vi) (CHY,CCH=CCIC H,I-p
6.3 Write the structures of the following organic halogen compounds,

{1} 2-Chloro-3-methylpentane (ii) p-Bromochlorobenzene
(iil} 1-Chlore-4-ethyleyelohexane [iv]) 2-(2-Chlorophenyl)-1-todooctane
(v} 2-Bromobutane (vi] 4-tert-Butyl-3-lodcheptane

[vif) 1-Bromo-4-sec-butyl-2-methylbenzene [viii] 1.4-Dibromobut-2-ene
6.4  Which one of the following has the highest dipole moment?
(i} CH,CL, (ii) CHCl, [iii) CCI,

6.5 A hydrocarbon CJH, does not react with chlorine in dark but gives a single

menochlore compound C.H,Cl in bright sunlight. Identily the hydrocarbon.
6.6  Wrile the isomers of the compound having formula C,H Br.
6.7 Wrile the equalions for the preparation of l-iodobulane from

{ij 1-butanel (i) 1-chlorobutane (i) bul-1-ene.
6.8 Whal are ambident nucleophiles? Explain with an example.

A8 Haloalkanes and [Maloarenes



6.9

G.10

G.11

6.12

6.13
6.14

6.15

G.16

6.17

6.18
6.19

Which compound in each of the following pairs will react laster in 5,2 reaction
with OH?

il CHBr or CHyl (i) (CH,,CC] or CH,CI

Fredict all the alkenes that would be formed by dehydrohalogenation of the
following halides wilh sodium ethoxide in ethanol and identily (he major alkene:

(i) 1-Bromo-1l-methyicyclohexane (i) 2-Chloro-2-methylbutane

fili) 2,2,3-Trimeihyl-3-bromopentane,

How will you bring about the following converslons?

il Ethanol (o but-l1-yne (i) Ethane to bromoethene [iii) Propene Lo
l-nitropropane (iv) Toluene to benzyl aleohol (v} Fropene to propyne
v} Ethanol to ethyl fuoride (vil) Bromomethane to propanone (vili] But-1l-ene
to buil-Z-ene  (ix) 1-Chlorobutane to n-octane (x) Benzene to biphenyl,

Explain why

(] the dipole moment of chlorobenzene 1s lower than that of evclohexyl chloride?
(ii} allkyl halides, though pelar, are immiseible with waler?

(i) Grignard reagents should be prepared under anhydrous conditions?
Give the uses of freon 12, DDOT, carbon telvachloride and iodoform.

Write the structure of the major organic product in each of the following reactions:

acetone
() CH,CH,CHCI + Nal —————+

ethanol

{11} [EHE}SCBI + KOH T

lili) CH,CH[BIICH,CH, + NaOH water
(v) CHCHpBr + Koy 2. cthamol,

{v) CHONa + CHCl —

(vi) CH,CH,CH,OH + SOC], =—————
(vii) CH,CH,CH = CH, + HBr peroxide

(vit) CH,CH = C(CI), + HBr —
Write the mechanism of the following reaction:

nBuBr + HKCN  EtOH-HO nBuCN

Arrange the compounds of each set in order of reactivity towards Syu2
displacement:

il 2-Bromo-2-methylbutane, 1-Bromopentane, 2-Bromopentane

(ii) 1-Bromo-3-methylbutane, 2-Bromo-2-methylbutane, 2-Bromo-3-methylbutane
(iii) 1-Bromobulane, 1-Bromo-2,2-dimelhylpropane, 1-Bromo-2-methylbutane,

1-Bromo-3-methylbutane.

Out of CH,CIH,Cl and C_I1,CHCIC,I,, which is more easily hydrolysed by agueous
KOH.
p-Dichlorobenzene has higher m.p, than those of o- and -isomers. Discuss,
Mow the following converslons can be carrled out?

(i} Propene 1o propan-1-ol

fil) Ethanol to but-1-yne

(iii) 1-Bromopropane lo 2-bromopropans

Chemistry GA8G



[iv)] Toluence lo benzyl alecohol
(vl Benzene to 4-bromoniirobenzene
[vl) Benzyl alcohol to 2-phenyleihaneic acid
[vii) Ethanol to propanenitrile
[viii) Aniline to chlorobhenzens
lix) 2-Chlorobutans to 3, 4-dimethylhexane
(x} 2-Methyl-1-propene o 2-chloro-2-methylpropanc
(xi} Ethyl chloride to propanecic acid
(xdi) But-l-ene to n-butyliodide
[xifi) 2-Chloropropane to 1-propancl
[xdv) [sopropyl alechol to lodoform
[xv) Chlorobenzene to p-nitrophenol
[xvi) 2-Bromopropane lo 1-bromopropane
(xvil) Chloroethane to butane
[xviii) Benzene 1o diphenyl
[xix} tert-Butyl bromide to isobutyl hromide
(xx) Aniline to phenylisocyanide
6.20 The realment of alkyl chlorides with aqueous KOH leads io the formation of
alcohols but in the presence of alcoholic KOH. allenes are major producis, Explain.
6.21 Primary alkyl halide C H Br (a) reacted wilh aleoholic KOH to give compound (b).
Compound (b) is reacted with HBr to give |c) which is an isemer of (a). When
la) is reacled with sedium metal it gives compound (d), C,H,, which is different
from the compound formed when n-buiyl bromide is reacted with sodium.
Give the struclural formula of [a) and write the equalions for all the reactions,
6.22 What happens when
(1) m-butyl chloride is treated with alcoholic KOH,
{ii) bromobenzene is treated with Mg in the presence of dry ether.
(iii) chlorobenzene is subjected to hydrolysis,
liv] ethyl chloride is trealed with agqueous KOH,
[v] methyl bromide is freated with sodium in the presence of dry ether,
(vi) methyl chloride is treated with KCN?

Answers to Some Intext Questions

cl
(1) CH,CH,CHICH,)CHCICH, (i) 0
C,H,

(1] -:H,,,GHECH,?H CH)CH,CH, (iv)] BrCH,CH = CHCH,Br

e Br
e " e SO
CH, 2ol CH,

H,C?

6.1

6.2 (i) H;50, cannot be used along with Kl in the conversion of an alcohol o
an alkyl iodide as it converts Kl to corresponding acid, HI which is then
oxidised by it to L.

6.3 (i) CICH,CH,CH,ClI (i) CICH,CHCICH, (i) CLCHCH,CH, (iv) CH,CCLCH,

d@dTaloalkanes and Haloarenes
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6.4 (i) HC=C=CH, All the hydrogen atoms are equivalent and replacement
I

of any hydrogen will give the same product
CH,

) C*H,C*H,CH,C*H,C*H, The equivalent hydrogens are grouped as a, b and
¢, The replacement of equivalent hydrogens will
give the same product,

[iii) C*H,C"HCH.C’H, Similarly the equivalenl hydrogens are grouped as
| . a, b, ¢ and d. Thus, four isomeric producis are
CH, possible.

Cl CH{Br)CE CH,Cl CH
6.5 m O (1) O’ o {m}oo g O‘I
O,N H
Br

W) CHCHL i)

6.6 (i] Chloromethanes, Bromomethane, Dibromomethsne, Bromolorm.
Boiling point increases with increase In molecular mass.

{ii) Isopropylchloride, 1-Chloropropane, 1-Chlorocbutane.
lsopropylehloride being branched has lower b.op. than 1-
Chloropropane.

6.7 il CH,CH,CH,CH Br Being primary halide. there won't be any
steric hindrance.

fid) EHS.C_I-I,{;.‘,HCI-L Seconclary halide reacts faster than tertiary

Br
halide.
{iii) CH,CHCH,CH,Br The presence of methyl group clozer to the
l halide group will increase the steric

CH, hindrance and decrease the rate.
Cl
6.8 i Tertiary halide reacls [aster than secondary halide
because of the grealer stahility of lert-carbocation.
Cl
(1) /M Because of greater siability of secondary carbocation than

primary.

6.9 ﬁ=C>—MgEIr B = O

C=RMgBr R = CH,CHCH,

(IZ}L '!I:’Ha tliHa
R' =1-13c—tl: D= IIac—?—Mg}( E= 1«130-?-11
CH, CH, CH,
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After shudying this Undt, you will be
able to

name aleohols, phenols and
clhers according to (he [UPAC
system of nomenclature;
discuss the reactions involved in
the preparation of alcohols from
alkenes, aldehydes, ketomes and
carboxylie acids;

discuss the reactions involved in
the preparation of phenols from
haloarenes, benzene sulphonic
acids, diazonium salls and

cumens:;
discuss the reactions for
preparation  of ethers from

[{) aleohols and (i) alkyl halides
and sodium alkoxides/arvioxides;
correlate physical properties of
aleohols, phenols and ethers with
their ztruciures;

discuss chemical reactions of lhe
three classes of compounds on
the basis of thelr functional

groups.

Alco‘hols—; Phenols
and Ethers:

Alcoliols, phennols ard ethers are the basic compounds for the
Sormation of detergents, antiseptics and _fragrances, respectively,

You have learnt thalt substitution of one or more
hydrogen atorn(s) from a hydrocarbon by another atorn
or a group of atomns result in the formation of an entirely
new compound having altogether different properties
and applications. Alcohols and phenols are formed
when a hydrogen alom in a hydrocarbon, aliphatic and
aromatic respectively, is replaced by ~OH group. These
classes of compounds find wide applications in industry
as well as in day-to-day life, For instance, have you
ever noticed thal ordinary spirit used for polishing
wooden furniture is chiefly a compound containing
hydroxyl group, ethanol. The sugar we eal, the cotfon
used for fabrics, the paper we use for writing, are all
made up of compounds containing -OH groups. Just
think of life without paper; no note-books, books, news-
papers, currency notes, cheques, certilicates, ete. The
magazines carrying beautliful pholographs and
interesting stories would disappear from our life. It
would have been really a different world,

An alcohol conlains one or more hydroxyl (OH)
group(s) directly attached to carbon atom(s), of an
aliphatic system (CH;0H) while a phenol contains -OH
group(s) directly attached to carbon atomis) of an
aromatic system (C,H,OH).

The substitution of a hydrogen atom in a
hydrocarbon by an alkexy or aryloxy group
(R-0/Ar-0) yields another class of compounds known
as ‘ethers’. for example, CH,OCH; (dimethyl ether). You
may also visualise ethers as compounds formed by



7.1 Classification

7.1.1 Alcohols—
Mono, Di,
Tri or
Polyhydric
alcohols

Chemisiry o4

subslitluting the hydrogen atom of hydroxyl group of an alecohol or
phenol by an alkyl or aryl group.

In this unit, we shall discuss the chemistry of three classes of
compounds, namely — alcohols, phenols and ethers.

The classification of compounds makes their study systematic and
hence simpler, Therefore, let us [irst learn how are alcohols, phenols
and ethers classified?

Alcohols and phenols may be classified as mono-, di-, tri- or
polyhydric compounds depending on whether they contain one, two,
three or many hydroxyl groups respectively in their structures as
given below:

CH,OH
CILO1 (IZHOII
C,H,0H CH,OH CH,OH
Monohydric Dihydric Trihydric

Momnohydric alcohols may be further classified according to the
hybridisation of the carbon atom to which the hydroxyl group is
attached.

(il Compounds containing C,,»—OH bond: In this class of alcohols,
the ~OH group is attached to an sp® hybridised carbon atom of an
alkyl group. They are [urther classilied as [ollows:

Primary, secondary and lertiary alcohols: In these three bypes of

alcohols, the ~-OH group is altached to primary, secondary and
lertiary carbon atom, respeclively as depicted below:

- 11~ 011 >{L'}-I—t_.‘l_li %‘;r-_:,;-”
Primary (1) Secondary (27 Tertlary (3%

Allylic alcohols: In these alcohols, the —OH group s attached to
a sp® hybridised carbon adjacent to the carbon-carbon double
bond, that is to an allylic carbon. For example

H _C-

| ]
CH,=CH-CH,-OH CH2=CH—-(I}-GH CIlfCII-?—DE I
pe, C s = C =
| I
Primary Secondary Tertiary

Benzylic alcohols: In these aleohols, the —OH group is attached
to a sp°—hybridised carbon atom next fo an aromatic ring. For
example.



|
o

H

I ]
CH,OH C—DH c—t?rlI

r

|

Secondary Tertiary

Allylic and benzylic alechols may be primary, secondary or tertiary.

(ii} Compounds containing C,_.— OH bond: These aleohols contain
—OH group bonded to a carbon-carbon double bond, f.e., to a
vinylic carbon or to an aryl carbon. These alcohols are also known
as vinylic alcohols.

Vinylic aleohol: CH; = CH - OH

OH
7.1.2 Phenols— OH OH
Mono, Di oIl OH
and @ CH, -
trihydric
OIT

phenols
Monshydrie Monohydric Dihydrie Trihydric

7.1.3 Ethers Ethers arc classified as simple or symmetrical, If the alkyl or aryl
groups attached to the oxygen atom are the same. and mixed or
unsymmetrical, if the two groups are different. Diethyl ether,

C.H,OC,Hs, is a svmmetrical ether whereas C,;HyOCH, and C,H,OC:H;
are unsymmetrical ethers.

Intext (Juestions
7.1 Classify the following as primary. secondary and tertiary aleohoels:

CHg
|
(i) CHy= C = CH;OH iy H,C=CH-CH,0H
|
CHj, ?H
CH=-CH,

fiiij CHy= CHy CH,=OH (iv)

'illHa
CH=CH-C—-0H

CHj~CH~CH, @’ i
g (vi)
CH
(vl @’ L A
7.2 Identify allylic alcohols in the above examples.

Fo Viomenclature  (a) Alcohols: The common name of an alcohol is derived from the

common name of the alkyl group and adding the word alcohol to it.
For exarmple, CIH O is methyl aleohol.

w5 Alcohols, Phenols and Ethers
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According to TUPAC system, the name of an alcohel is derived [rom the
name of the alkane from which the aleohol is derived, by substituting ‘e’
of alkane with the suffiz ‘ol’. The position of substituenis are indicated
by numerals. For this, the longest carbon chain (parent chain) is
numbered starting at the end nearest o the hydroxyl group. The positions
of the “OH group and other subslituenls are indicaled by using the
numbers of carbon atoms fo which these are allached. For naming
polyhydric alcohols. the ‘e’ of alkane is retained and the ending ‘ol is
added. The number of —OH groups is indicated by adding the
multiplicative prefix, di, tri, etc., before ‘ol'. The positions of -0l groups
are indicated by appropriale Incants, e.g.. HO-CH,-CH,~0H is named as
ethane-1, 2-diol. Table 7.1 gives common and TUPAC names of a [ew
alcohols as examples.

Table 7.1: Common and IUPAC Names of Some Alcohols

Compound Common namo IUPAC name
| CH; - OH Methyl alcohol Methanal
| CHg- CHy - CHz~ OH n-Propyl alcohol Propan-1-ol
| CH,- (IZII -~ CH, Isopropyl aleohol | Propan-2-ol
oLl
CH;- CH; -~ CH;—= CH;—= OH | n-Butyl alcohol Buran-1-ol
| CH,~ CH - CH,— CH, sec-Bulyl alcohol | Butan-2-ol
|
O
CH, - [I:'.H - CH,-0OH Isobuiy]l alcohol 2-Methylpropan-1-ol
CH,
.
| CH,—C-0H tert-Butyl alcohol | 2-Methylpropan-2-ol
I
CII,
 HO-H,C~CHz-OH Ethylene glycol Ethane-1.2-diol
: ?H'i_ {EH & ?Hﬂ Glycerol Propane -1, 2, 3-lriol
'OH OH OH

Cyclic alcohols are named using the prefix cyclo and considering
the —OH group attached to C-1.

OH
Cyelohexanal 2-Methyleyclopenianol

(b} Phenols: The simplest hydroxy derivaiive of benzene is phenol.
It is its common name and also an accepied IUPAC name, As structure
of phenol involves a benzene ring, in its substituted compounds the
terms oriho (1,2- disubstituted), meifa (1,3-disubstituted) and para
(1.4-disubsiifuted) are often used in the common names,



Common name
IUPAC mame

Common name
IUPAC name

CH;, Cll;

CH,
OH i
OH

OH
Phenol o-Cresol m-Cresol P-Cresol
Phenol 2-Methylphenol 3-Methylphenol 4-Methylphenol

Dihydroxy derivatives of benzene are known as 1, 2-, 1, 3- and
1. 4-benzenediol.

OH OH oH
OoH
OH
OH
Catechol Resorcinol Hydroquinone or quinol

Benzene-1,2-dio] Benzene- |,3-dicl Benzene-1,4-dinl

(c] Ethers: Common names of ethers are derived from the names of alkyl/
arvl groups wrillen as separate words in alphabetical order and adding the
word ‘eiher’ at the end. For example, CH;OC,H; is ethylmethyl ether.

Table 7.2: Common and IUPAC Names of Some Ethers

Compound

CHZOCH,
Cytls0CHy

CH,0CH,CH,CH,

C H.OCH,

CH;OCH,CH,

C:H.O(CH,},— CH,

CH,0=CH —CH,

Common Dame IUPAC name
Dimethyl ether Methoxymethane
Diethyl ether Ethoxyvethane
Methyl n-propyl ether 1-Methoxypropans
Methyl phenyl ether Melhoxybenzene
(Ani=sole) lAnisole)

Ethyl phenyl ether Ethoxybenzene
(Phenetole]

Hepiyl phenyl ether 1-Phenoxyheptane

Methyl tsopropyl ether 2-Methoxypropane

Cl,
Celly= 0~ CH;~ CH,~ CH-CH, Phenyl isopentyl ether 3- Methylbutoxybenzene
CH,
CHs+ O - CH; - CH; — OCH;, — 1,2-Dimethoxyethane
H,C. CH,
OC.H, - 2-Ethoxy-

-1,1-dimethyleyclohexane

g8, Alcohols. Phenols and Ethers



Il both the alkyl groups are the same, the prefix ‘di’ is added belore the alkyl
group. For example, C;H;OC, Hs is diethyl ether.

According to IUPAC system of nomenclature, ethers are regarded a=s
hydrocarbon derivatives in which a hydrogen atom is replaced by an
~0OR or -OAr group, where R and Ar represent alkyl and aryl groups,
respeclively. The larger (R} group is chosen as the parent hydrocarbon.
The names of a few ethers are given as examples in Table 7.2.

[ Give TUPAC names of the following compounds:
) CH,~ (IZH - (Ijl-l— {IZH— CH,OH () cH, - CH = O=CH,CH,4
I
Cl CH,; CH, CH,

Ol1 NGy,

i H:C@cm (iv) C(ac,ﬂs

Solulion (i) 4-Chloro-2,3-dimethylpentan-1-ol (i) 2-Ethoxypropane
(it} 2,6-Dimethylphenol (iv) 1-Ethoxy-2-nitrocyclohexane

Tntexl Question
7.3 Name the following compounds according to IUPAC system.

CH,OH c.on
M CH,-CH,-CH-CH-CH-CH, (if) CH,- CH - CH, - CH - CH - CH,
: : i i
CH,Cl  CH, CH, GH
OH
(i) O\ (%) FLC = CH - CH - CH,~ CH,~CH, () CHy-C =C-CH,0H
|
Br OH CH, Br

7.3 Structures nf In alcohols. the oxygen of the —Ol1 group is attached to carbon by a

Eunctional sigma (o) bond formed by the overlap of a sp® hybridised orbital of
C ; ' carbon with a sp® hybridised orbital of oxygen. Fig. 7.1 depicts
v Rl structural aspects of methanol, phenol and methoxymethane.
P 141 pon
143pm:D: 96 pm 1 2 H o
XK O B o 1
2ol B H b T
H
Methanol Phenol Methoxymethane

Fig. 7.1: Stuctures of methanol, phenol and methaxmethane

Chemistry shiih



7.4 Hleohols and
Phenols

The bond a.ngl-: “ Itn alcohols is slightly less than the tetrahedral
angle (109%-28"). It is due to the repulsion between the unshared
electron pairs of oxygen. In phenols, the ~OH group is attached (o sp®
hybridised carbon of an aromatic ring. The carbon-oxygen bond
length (136 pm) in phenol is slighlly less than that in methanol. This
is due to (i) partial double bond character on account of the conjugation
of unshared electron ?M of oxygen with the aromatic ring
(Section 7.4.4) and (ii} sp” hybridised state of carbon to which oxygen
is attached.

In ethers, the four electron pairs, i.e., the two bond pairs and two
lone pairs of electrons on oxygen are arranged approximately in a
letrahedral arrangement. The bond angle is slightly greaier than the
tetrahedral angle due to the repulsive interaction between the two
bulky (-R) groups. The C-0O bond length (141 pm) is almost the same
as in aleohols.

7.4.1 Preparation of Alcohols
Alcohols are prepared by the following methods:

I. From alkenes

li) By acid catalysed hydration: Alkenes react with water in the
presence of acid as catalyst to form alcohols. In case of
unsymmelrical alkenes, lhe addition reaclion takes place in
accordance with Markovnikov's rule.

o >c- L

I OH
CH,CH=CH,+ H,0 =~ cH,CH-CH,

>e=CL +HO ==

[
OH
Mechanism
The mechanism of the reaction involves the following three steps:

Step 1: Protonation of alkene to form carbocation by electrophilic
attack of HsO".

H:O + H® = H 0"

5! H
I + L1
Sc=cg + nfoEH — ~C-CT +H

Step 2: Nucleophilic attack of water on carbocation.

I Fo

—(i“.—c: D -(IJ-{]?—D—H

Step 3: Deprotonation to form an :a.'lc:;.nhc-l

|
—(i?—(iI—Dt[ + HO — —.:l: c:— + 1,0

4
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(i) By hydroboration-oxidation: Diborane [(BH;), reacts with alkenes

to give trialkyl boranes as addition product. This is oxidised to
alcohol by hydrogen peroxide in the presence of aqueous sodium
hydroxide.

CH,-CH=CH, + ([H-BH),—> {2‘!:7[_3—(51I—l—tllll-l,nl
H BH,
lCila-cxi_ag

CH,-CH=CH,
+—— (CI-CH,-CH,),BI1

(CH,~CH~-CH,).IB
H,0 311,0,, OH
3CH,-CH,-CH,~-CH + Bl{OH],
Fropan-1-ol

The addition of borane to the double bond takes place in such
a manner that the boron atom gets attached to the sp’ carbon
carrying greater number of hydrogen atoms. The alcohol so formed
looks as it it has been formed by the addition of water to the
alkene in a way opposite to the Markovnikov's rule. In this reaction,
aleohol is obtained in excellent yield.

2. From carbonyl compounds

i} By reduciion of aldehydes and kelones: Aldehydes and kelones
are reduced to the corresponding alcohols by addition of
hydrogen in the presence of catalysts (catalytic hydrogenation).
The usual catalyst is a finely divided metal such as platinum,
palladium or nickel. It is also prepared by treating aldehydes
and ketones with sodium borohydride (NaBHs) or lithium
aluminium hydride (LiAlH,). Aldehydes yield primary alcohols
whereas ketones give secondary alcohols.

RCHO + H, —3— RCH,OH

RCOR NaBH, g CH-R
OH
{ii) By reduction of carboxylic acids and esters: Carboxylic acids
are reduced to primary alcohols in excellent yields by lithium
aluminium hydride, a strong reducing agenl.
(il LiAlH,
RCOO]] =——y RCH. O
i) H,O
However, LiAlH, is an expensive reagent, and therefore, used
for preparing special chemicals only. Commercially, acids are
reduced to aleohols by converting them to the esters (Seetion
7.4.4), [ollowed by their reduction using hydrogen in the
presence of catalyst (catalytic hydrogenation).

R\TDD!]—-]E”-—I-} RCOOR' —Hﬂ) RCHz20H + R'OT
Ir Catalyst



2. From Grignard reagents

Alcohols are produced by the reaction of Grignard reagents (Unit 6,

Class XlII) with aldehydes and ketones.

The first step of the reaction is the nucleophilic addition of Grignard
reagent to the carbonyl group to form an adduct. Hydrolysis of the

adduet yields an alcohol.

- +
sy & fia Mg=X :’f' O Mg=X
R
Adduet

HO  “c-0H + MgOIXx
BTt Y ;-t' £

- [}

. i)

R

The reaction of The overall reactions using dilferent aldehydes and ketones are as
GCrrignard reagents follows:
with methanal

d ' H,0
Bl wih iherd  HCHO + RMgX — RCILOMgX — RCILOII + Mg(OHIX
aldehijdes, scoondary
alcohols and with B R’
kelﬂnes. ter'ﬂ'.ary ; I .o
alcohols. RCHO + RMgX — R-(11- OMgX ——» RFCH OH + Mg(OHIX

R‘ R’

RCOR + R'MgX -—> Rm{'_“ OMgX—!- R-('Ij OH + MglOHJX

R K

You will notice that the reaction produces a primary aleohol with
methanal, a secondary alcohol with other aldehydes and tertiary alcohol

with ketones.

Give the structures and IUPAC names of the products expected from
the following reactions:

fa) Catalytic reduction of butanal.
(b) Hydration of propene in the presence of dilute sulphuric acid.

(c) Reaction of propanone with methylmagnesium bromide followed
by hydrolysis.

CH,
1
(a) CH;CH,-CH~CH,-OH (b) CH;CH-CH, (c) CH~C=0H
Butan-1-ol OH &
Propan-2-ol 2-Methylpropan-2-ol

Example 7.

)

=
oL

7.4.2 Preparation Phenol, also known as carbolic acid, was first isolated in the early
of Phenols nineteenth century from coal tar. Nowadays, phenol is commercially
produced synthetically. In the laboratory, phenols are prepared from

benzene derivalives by any of the lollowing methods:

203, Alcohols,
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4,

. From haloarenes

Chlorohenzene is fused with NaOH at 623K and 320 atmospheric
pressure, Phenol is obiained by acidification of sodium phenoxide so
produced (Unit 6, Class K]I].

ch

623 K 6 (@]
+NaOH —— 3{]{} - @ O

. From benzenesulphonic acid

Benzene is sulphonated with oleum and benzene sulphonic acid so
lormed is converted to sodium phenoxide on healing with molten
sodium hydroxide. Acidification ol the sodium sali gives phenol.

50.H O

Uleum {t] NaOH
!Lﬂ H

. From diazonium salts

A diazonium salt is formed by treating an aromatic primary amine
with nitrous acid (NaNO, + HCI) al 273-278 K. Diazonium salts are
hydrolysed to phenols by warming with water or by trealing with
dilute acids (Unit 9, Class XII1).

e
NHa I\;;C? OH
@ NaNOs G ;0 @ + N, +HC
+I—1Cl Warm
Ariline Benzene diazonium

chiloride

From cumene

Phenol is manufactured from the hydrocarbon, cumene, Cumene
(isopropylbenzene) is oxidised in the presence of air to cumene
hydroperoxide. It is converted to phenol and acetone by lrealing it
with dilute acid. Acetone, a by-product of this reaction. is also
obtained in large quantities by this method.

CH, CH,
CHy-CH CH; C-0-0-H  OH

@ —.+ + CH,COCH,

Cumene Cumene
hydroperodde



7.4 Show how are the following aleohols prepared by the reaction of a suitable
Grignard reagent on methanal ?

(i) CPI@*FH—CH,DH (ii)
CH,

7.5 Write structures of the products of the following reactions:

§ CH,-CH=CH, 2OH

0}

(ii)

(i) CH,—CH,—CH=—=CHO

7.4.3 Physical
Properties

CHC —OCH,

CH,OH

NaBH,
JR——

NaBH,
—_—

|
CH,

Aleohols and phenols consist of two paris, an alkyl/aryl group and a
hydroxyl group. The properties of alcohols and phenols are chiefly due
to the hydroxyl group. The nature of alkyl and aryl groups simply
maodify these properties.

Boiling Points

The boiling points of alcohols and phenols increase with increase in the
number of carbon atoms (increase in van der Waals [orees). In alechaols,
the boiling points decrease with increase of branching in carbon chain
[because of decrease in van der Waals forces with decrease in surface
ares).

The -OH group in alcohols and phenols is involved in intermolecular
hydrogen bonding as shown below:

li-{ i He=0X
SN ot T T e “-R
R
O-H-0 " H ? H-0 R-D““-I-l
H H_
iy H-O0—H-0Q - D {}

000 OO

It is inferesting 1o note thal boiling points of alcohols and phenols
are higher in comparison io other classes of compounds, namely
hydrocarbons, ethers, haloalkanes and haloarenes of comparable
molecular masses. For example, ethanol and propane have comparable
molecular masses bul their boiling poinls diller widely. The hoiling
point of methoxymethane is intermediate of the two boiling points.

203 Alcohols. Fhenols and Ethers



1 1\ /[I
/N /N N

CH,CH, H H,C CH; H,C a
Ethanol Methoxymethane Fropane
Molecular mass/b.p.  Molecular mass/b.p. Molecular mass,/b.p.
46/ 351 K 46/248 K 44/231 K

The high boiling points of alcohols are mainly due to the presence
of intermolecular hydrogen bonding in them which is lacking in ethers
and hydrocarbons.

Solubility

Solubility of aleohols and phenols in H"'D""I]
water is due to their ability to form !
hydrogen bonds with water molecules CH,~CH,~CH; (o P H'HD

as shown. The solubility decreases with ‘ ] |
increase in size of alkyl/aryl (hydro- ol H
phobic) groups. Several of the lower O
Pk
molecular mass alcohols are miscible H H

with water in all proportions.

! Exomple 7.3 Arrange the following sets of compounds in order of their increasing
' boiling points:
(a) Pentan-1-ol, butan-1-ol, butan-2-ol, ethanol, propan-1-ol, methanol.
(b] Pentan-1-ol, n-butane, pentanal, ethoxyethane.

o )

Solylion (a) Methanol, ethanol, propan-1-ol, butan-2-ol, butan-1-ol, pentan-1-ol.
(b) n-Butane, ethoxyethane, pentanal and pentan-1-ol.

7.4.4 Chemical Alcohols are versatile compounds. They react both as nucleophiles and
Reactions electrophiles. The bond between O-H is broken when alcohols react as
nucleophiles,

’ % H | |
Alcohols as nucleophiles [i) R=0-=H + }C— —3 R—0=C~— —-PR—U—?— +H
- |

(i) The bond between C-0O is broken when they react as
elecirophiles, Protonaled alcohols react in this manner.

Protonated alcohols as electrophiles R-CH,~OH + H — R-CH~OH,

ir + CH—OH, — Br—CH, + H,0
T [
R R

Based on the cleavage of O-H and C-O bonds, the reactions
of alcohols and phenols may be divided inte lwo groups:

Chemisiry 204



(a) Reactions involving cleavage of O-H bond
I. Acidity of alcohols and phenols

(il Reaction with metals: Alcohols and phenoels react with active
metals such as sodium, potassium and aluminium to yield
corresponding alkoxides/phenoxides and hydrogen.

2R=0=H + ZNil m———pp = =Nz + Hy

Sodium
alkoxide
CH, CH;
G CHE—'.;Z—G[-I +2A1— 31| CHg- C-0|Al+ 3H,
CH, CHy
tert- Buiyl aleghol Alurainium
tert- butoxide
OH ONa
Phenaol Sodium phenoxide

In addition to this. phenols react with agqueous sodium
hydroxide to form sodium phenoxides.

OH ONa
+ NaOH —*@ + 1120

Sodium phenoxide

The above reactions show that alcohols and phenols are
acidic in nature, In faet, alcohols and phenols are Brénsted
acids l.e., they can donate a proton to a stronger base (B:).

E:ﬂ%—R—*B—H + :O-R

Base Arid Conjugate  Conjugaie
acid bage

(ii} Acidity of alcohols: The acidic character of alcobols is due to
the polar nature of O-I1 bond. An eleciron-releasing group
(-CH;, —C,H;) increases electron density on oxygen tending to
decrease the polarity of O-H bond. This decreases the acid
sirength. For this reason, lhe acid strength of alcohols decreases
in the following order:

R—— CHyOH > CHOH®» R—C-0H
R R
Primary Secondary Tertiary
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(i}

Alcohols are, however, weaker acids than water. This can be
illustrated by the reaction of water with an alkoxide.

R-0: + H-O-H—> R-0-H + OH

Base Acad Conjugate  Conjugate

acid base

This reaction shows that water is a better proton donor (L.e.,
stronger acid] than aleohel. Also, in the above reaction, we note
that an alkoxide ion is a better proton acceptor than hydroxide
ion, which suggesis thal alkoxides are stronger bases (sodium
ethoxide ig a stronger base than sodium hydroxide).

Alcohols act as Bronsted bases as well. It is due to the

presence of unshared eleclron pairs on oxygen, which makes
them proton acceptors.
Acidity of phenols: The reactions of phenol with metals (e.g.,
sodium, aluminium) and sodium hydroxide indicate its acidic
nature. The hydroxyl group. in phenol is directly attached to
the sp® hybridised carbon of benzene ring which acts as an
electron withdrawing group. Due to this, the charge distribution
in phenol molecule. as depicted in its resonance structures,
causes the cxygen of ~OH group to be positive.

O-H ﬂ—H

G- -D-0

The reaction of phenol with aqueous sodium hydroxide
indicates thaf phenols are sironger acids than alechols and water.
Let us examine how a compound in which hydroxyl group
altached to an aromatic ring is more acidic than the one in
which hydroxyl group is attached to an alkyl group.

The ionisation of an alcohol and a phenol takes place as follows:

R-0-H &€ R-0: +H*

OH o]
Q= Q-

Due to the higher electronegativity of sp® hybridised carbon
of phenol Lo which —OH is altached, electron densily decreases
on oxvgen. This increases the polarity of O-H bond and resulls
in an increase in fonisation of phenols than that of alcohols.
Now let us examine the stabilities of alkoxide and phenoxide
ions. In alkoxide ion, the negative charge is localised on oxygen
while in phenoxide ion, the charge is delocalised.
The delocalisalion of negative charge (structures I-V) makes



phenoxide ion more stable and [avours the ionisation of phenol.
Although there is also charge delocalizsation in phenol, its
resonance structures have charge separation due to which the
phenol molecule is less stable than phenoxide ion.

Q C 1 0 :Dij :0:
O—(@—0 —~V—0
I il I v v

In substituted phenols, the presence of eleciron withdrawing
groups such as nitro group, enhances the acidic sirength of
phenol. This effect is more pronounced when such a group is
present al orfho and para positions. It is due to the effective
delocalisation of negalive charge in phenoxide ion when
substituent is at ortho or para position. On the other hand.
clectron releasing groups, such as alkyl groups. in general, do
not favour the formation of phenoxide ion resuliing in decrease
in acid strength. Cresols, for example, are less acidic than phenaol.

mﬂfﬁﬂmﬂﬁjﬁm Table 7.3: pK, Values of some Phenols and Ethanol

acid. Compound Formula PR,
o-Nitrophenol oy N-CH,~0OH T2
mi-Mitrophenaol H—0N-C 11, -0 8.3
p-Nitrophenol p-ON-C;H,—OH 7.1
Phenol C.H.~OH 10.0
o-Cresal oeCH =0 H ~0H 10.2
m-Cresol M- LI G011 10.1
p-Cresol p-CHy-CH-0H 10.2
Ethanaol C,H,O0H 15.9

From the above data, you will note that phenol is million times
more acidic than ethanol.

Arrange the following compounds in increasing order of their acid strength:  Cagmple
Propan-1-ol, 2.4 6-trinitrophenol, 3-nitrophenol, 3,5-dinitrophenol,

phenol, 4-methylphenol.

Propan-1-ol, 4-methylphenol, phenol, 3-nitrophenol, 3.5-dinifrophenol, Solulion
2.4, 6-trinitrophenol.

2. Esterification

Alcohols and phenols react with carboxylic acids, acid chlorides and
acid anhydrides to form esters.

=l Alcohols, Phenols and Ethers
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(b)

Ar/ROH +R- COOH s Ar/ROCOR + H;0

Ar/R=0H + (RCO), '\:ﬁ Ar/ROCOR+R COOII

R/ArOH+RCOCI 204 R /AMOCOR + HOL

The reaction with carboxylic acid and acid anhydride is carried
out in the presence of a small amount of concentrated sulphuric
acid. The reaction is reversible. and therefore, water is removed as
soon as it is formed. The reaction with acid chloride is carried out in
the presence of a base (pyridine) so as to neutralise HC1 which is
formed during the reaction. It shifts the equilibrium to the right
hand side. The introduction of acetyl (CHyCO) group in alcohols or
phenols is known as acetylation. Acetvlation of salicylic acid
produces aspirin.

COOH COOH
01l OCOCH;
+ [CH,C D]ED—* + CH,COOH
Salicylic acid Me‘tylsaﬁcv]ic acid

Reactions involving cleavage of m:bnn— oxygen (C-0) bond in
aleohols

The reactions involving cleavage of C—0 hond take place only in
alcohols. Phenols show this type of reaction only with zinc.

Reaction with hydrogen halides: Alcohols react with hydrogen
halides to form alkyl halides (Refer Unit 6, Class XII).
ROH + HX — R-X + H;0

The difference in reactivity of three classes of alcohols with HCI
distinguishes them from one another (Lucas test). Alcohols are soluble
in Lucas reagent (cone. HCl and ZnCl,) while their halides are immiscible
and produce turbidity in solution. In casc of tertiary alcohols, turbidity
is produced immediately as they form the halides casily. Primary
alcohols do not produce turbidity at room temperature.

. Reaction with phosphorus trihalides: Alcohols are converted to

alkyl bromides by reaction with phosphorus tribromide (Refer
Unit 6, Class XII).

. Dehydration: Alcohols undergo dehydration (removal of a molecule

of water) to form alkenes on treating with a protic acid e.g.,
concentrated Hy50, or HaPO,, or ecatalysts such as anhydrous zine
chloride or alumina.

H" . 4
Sh L st
bog et

Ethanol undergoes dehydration by heating it with concenirated
H,50, al 443 K.

S0,
02}15011% CH, = CH,+ H,0
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Secondary and lertiary alcohols are dehydrated under milder
conditions. For example

OH

; 85% HaPO,
CH,CHCH; ———* 5 CH,~ CH = CH, +H,0
440 K
H,
CHC- ort 2280 oy & on, 410
| 358 K
CH,

Thus, the relative ease of dehydration of alcohels follows the
following order:

Tertiary = Secondary > Primary
The mechanism of dehydration of ethanol involves the following steps:
Mechanism
Step 1: Formation of protonated aleohol.

[-!I I—I o
L —r L - o— RY ‘
H (I'J CIlI J-H+H H- ¢ ¢ {} H

Ethanol I‘rcrm.uated a.h:uhnl
(Ethyl oxcnium ion]

Step 2: Formation of carbocation; It is the slowest step and hence, the
rate dctemlinmg step of the reaction.
H

c"'b+H — H- nf: Q*+H=O

Step 3: Formation ﬂf ethene hy elimination of a proton.

H H
: H 1
H—f;?— {I:‘ —_— :C=r:: + H
H H H H

Ethene
The acid used in step 1 is released in step 3. To drive the equilibrium
to the right. ethene is removed as it is formed.

4, Oxidation: Oxidation of alcohols involves the formation of a carbon-
oxygen double bond with cleavage of an O-H and C-H bonds.

H‘-I-(:}—Dii-i—h‘;C:D
Bond brealking

Such a cleavage and formation of bonds occur in oxidation
reactions, These are also kmovwn as dehydrogenation reactions as
these involve loss of dihvdrogen from an alcohol molecule. Depending
on the oxidising ageni used, a primary alcohel is oxidised to an
aldehyde which in turn is exidised to a carboxylic acid.
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ll sz
Onadatd
RCH;OH —2202tn, R (=0—$R-C=0

Aldehyde Carboxylic
acid
Strong oxidising agents such as acidified potassium
permanganate are used for getting carboxylic acids from alcohols
directly. Cr0, in anhydrous medium is used as the oxidising agent
for the isolation of aldehydes.

RCH,OH—=% S RCHO

A better reagent for oxidation of primary alcohols to aldehydes in
good yield is pyridinium chlorochromate (PCC)., a complex of
chromium trioxide with pyridine and HCI.

CH, —CH = CH-CH,00 —2£E_,6H, - CH = CH -CHO

Secondary alcohols are oxidised to ketones by chromic anhyride
(CrO,).

[
R-CH-R——=2 5 RC-R
OH 0
Sec- alcohol Ketone

Tertiary alcohols do not undergo oxidation reaction. Under strong
reaction condilions such as strong oxidising agents (KEMnQ,) and
elevated lemperatures, cleavage of various C-C bonds takes place
and a mixture of carboxylic
acids containing lesser number

of carbon atoms is [ormed. RCH,OH 5?31{ > RCHO
When the vapours of a Cu

primary or a secondary alcohol R_CH B 573K b C R

are passed over heated copper OH

at 573 K. dehvdrogenation CH, CHE

takes place and an aldehyde or (]: Cu
a ketone is formed while tertiary = ¢ ~OH —— = CHy~ ¢=cH,
aleohols undergo dehydration. EH8

Biological exddation of methanol and ethanol in the body produces the corresponding
aldchyde Jollowed by the acid. Al times the alcoholics, by mistake, drink cthanol,
mixed with melhanol also called denatured aleohol, In the body, methanol is gxidised
first to methanal and then to methanoic acid, which may cause blindness and
death. A methanol polsoned patlent is treated by giving intravenous infuslons of
diluted ethanol, The enzgyme responsible for oxddation of aldehyde [HCHO) to acld
is swamped allowing Hme for kidneys to excrete methanol.
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1. Electrophilic aromatic substitution
In phenols, the reactions that take place on the aromatic ring are
electrophilic substitution reactions (Unit 9, Class XI). The —-0OH group
attached to the benzene ring activates it towards electrophilic
substitution. Also, it direcls the incoming group to orthoe and para
positions in the ring as these positions become electron rich due to
the resonance effect caused by ~OH group. The resonance structures
are shown under acidity of phenaols.
Common electrophilic aromatic substitution reactions taking place
in phenol are as follows:
(i} Nifratiori: With dilute nitric acid at low lemperature (298 K],
phenol yields a mixture of ortho and para nitrophenols.

OFl OH OH
Mg
Dilute HNOs
> +
o-Nitraphenol NOs
p-Nitrophenaol

The ortho and para isomers can be separated by sleam
distillation. o-Nitrophenol is steam volatile due to intramolecular
hydrogen bonding while p-nitrophenol is less volatile due to
intermolecular hydrogen bonding which causes the association
of molecules.

%quwll

0
! & O
I‘DON\G-- : -11(;—0—1{"?

\-D e
o-Nitrophenol p-Nitrophenol
2. 4. 6 - Trinutraphenol (Intramolecular (Intermolecular
{s a sirong acid due to H-bondirg) H-bonding)
the presenceof thm': Wilh concentrated nilrie acid, phenel is converled to
electron withdrawing 2,4,6-trinitrophenol. The product is commonly known as picric
AR bgrapmiicls. acid, The yield of the reaction producl is poor.
facilitate the release of
hyjdrogen lon. OH OH
;N NG,
Cone. HNO;y
e
N,
2,4, 6-Trindtrophenol
[Picric acid)

Nowadays picric acid is prepared by lreating phenaol first
with concenirated sulphuric acid which converts it to
phenol-2,4-disulphonic acid, and then with concentrated nitric
acid to get 2.4,6-trinitrophenol. Can you write the equations of
the reactions involved?
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(i) Halogenation: On treating phenol with bromine, different reaction
products are formed under different experimental conditions.
{a) When the reaction is earried out in solvents of low polarity
such as CHCl; or C8&; and at low temperature,
monobromophenols are formed.

OH
Hr
Bl'z in CSa
.J.TE K

Minor Ma_]nr

The usual halogenation of benzene takes place in the
presence of a Lewis acid, such as FeBr; (Unit 6, Class XII),
which polarises the halogen molecule. In case of phenol, the
polarisation of bromine molecule takes place even in the
absence of Lewis acid. It is due fo the highly aclivating
effect of -OH group attached to the benzene ring.

(b) When phenol is treated with bromine water,
2.4, 6-tribromophenol is formed as white precipitate.

9 H
H Br -
+ 3B — + 3HBr

Br
2.4,6-Tribromophenol

Caample 7.5 Write the structures of the major products expected from the following
reactions:

(a) Mononitration of 3-methylphenol
(b) Dinitration of 3-methylphenol
{¢) Mononiiraiion of phenyl methanoate,

Solution The combined influence of -OH and —CH; groups determine the
position of the incoming group.

OH OH OCOCH,
O, O,N
(a) and (b)
CH, CH;
a N(}'..! N f}_;. L8] 0

2. EKolbe's reaction

Phenoxide ion generated by freating phenol with sodium hydroxide
is even moere reactive then phenol towards electrophilic aromatic
substitution. Hence, il undergoes electrophilic substitution with
carbon dioxide, a weak electrophile. Ortho hydroxybenzoic acid is
formed as the main reaction product.
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7.6

7.7

7.8

7.9

OH ONa

OH
NaOH, o, COOH
Wi

2-Ilydroxybenzole acid
(Salicylic acid)

3. Reimer-Tiemann reaction

On trealing phencl with chloroform in the presence ol sodium
hydroxide, a -CHO group is introduced at ortho position of benzene
ring. This reaction is known as Reimer - Tiemann reaction.

The intermediate substituted benzal chloride is hydrolysed in the
presence of alkali to produce salicylaldehyde.

OH B Na® O Na* OH
Salicylalde
Intennediate ehyde

4. Reaction of phenol with zinc dust
FPhenol is converted to benzene on heating with zine dust.,

OH
+ Zn —h@ + Zn0

5. Oxidation

Ozidation of phenol with chromic
acid produces a conjugated diketone

known as benzoquinone. In the . o
presence of air, phenols are slowly Na,Cr,0
oxidised (o dark coloured mixtures —Eé—.;—f-}

4

containing quinones.
benzoguinone

Intext Questions

Give structures of the products you would expect when each of the
following alcohol reacts with {a) HCl —ZnCl;, (b) HBr and (¢} SOCIL,.

(i) Butan-1-ol (ii) 2-Methylbutan-2-ol

Predict the major product of acid catalysed dehydration of

(i} 1-methylcyclohexanol and (ii}] butan-1-ol

Ortho and para nitrophenols are more acidic than phenol. Draw the
resonance sitructures of the corresponding phenoxide ions.

Write the equations involved in the following reactions:

(il Reimer - Tiemann reaction (ii) Kolbe's reaction
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&) Some
Commercially
J'mpﬂrtmlt

Hlcohols

Ingestion of ethanol acts
art the: cenlral riervous
systent, In modernle
arnauls, it affects

Jjurdgrnent and lowers
inhibitions, Higher
conceniralions cuuse
nousaa and loss of
consciousness. Buen af
higher concentroalions,
it interferes with
Sportlanesis respiration
careed corn be futal.

Chemisiry g2l

Melhanol and ethanol are among the two commercially important
aleohols.

1. Methanol

Methanol, CH;OH, also known as ‘wood spirit’, was produced by
destructive distillation of wood. Today, most of the methanol is
produced by catalytic hydrogenation of carbon monoxide at high
pressure and temperature and in the presence of Zn0 — Cr,04
catalyst,

CO + 2H, —20Ct0s_, oy 0H
200-300 atmn

573-673 K

Methanol is a colourless liquid and boils at 337 K. It is highly
peisonous in nature. Ingestion of even small quantities of methanol
can cause blindness and large quantities causes even death. Methanol
is used as a solvenl in paints, vamishes and chiefly for making
formaldehyde.

. Ethanol

Ethanol, C;I1:0M, is obtained commerelally by fermentation, the
oldest method is [rom sugars. The sugar in molasses, sugarcane
or fruits such as grapes is converted to glucose and fructose, (both
of which have the formula C;H;;0g), in the presence of an enzyme,
invertase. Glucose and [ructose undergo [ermentation in the
presence of another enzyme, zymase, which is found in yeast.

CoH,0,, + HOMEIRE S0 g 0, +  CHL0,
Fructiose

Glucose

Zyimase

CeH 1106 > 9C,H.0H + 2CO,

In wine making, grapes are the source of sugars and yeasi. As
grapes ripen, the quantity of sugar increases and yeast grows on the
outer skin. When grapes are crushed. sugar and the enzyme come in
contaci and [ermentation starts. Fermenlation takes place in
anaerobic conditions i.e. in absence of air. Carbon dioxide is released
during fermentation.

The aclion of zymase is inhibited once the percentage of alcohol
formed exceeds 14 percent. If air gets into fermentation mixture. the
oxygen of air oxidises ethanol to ethanoic acid which in tum destroys
ihe taste of alcoholic drinks.

Ethanol is a colourless liquid with boiling point 351 K. It is used
as a solvent in paint industry and in the preparation of a number of
carbon compounds. The commercial alcohol is made unfit for drinking
by mixing in it some copper sulphate (to give it a colour) and pyridine
(a foul smelling liquid). It is known as denaturation of alcohol.

Nowadays, large quantities of ethanol are obtained by hydration of
ethene (Section 7.4).



7.0 Ethers

7.6.1 Preparation
of Ethers

Diethyl ether has been
used widely as an
inhalation anassthetic,
But due to its slolw
effect and an

L ERSant recouery)
period, it has been
replaced, as an
anaesthetic, by other
conypoLirds.

Alexemder William
Willinmson [1824-1904)
was born in London of
Scotlish parents. In
1849, he became
Professor of Chemistry
at Universily College,
Landorn.

1.

By dehydration of alcohols

Alcohols undergo dehydration in the presence of protic aclds
(LS50, [P0y, The formation of the reaction product, alkene or ether
depends on the reaction conditions. For example, ethanol is
dehydrated to ethene in the presence of sulphuric acid at 443 K.
At 413 K, ethoxyethane is the main product.

150

» CIL=CF
443 K il
CH,CH,0H —>
H,S0,
>C, H,0C
413 K 5O0C.Hs

The lormation of ether is a nucleophilic bimolecular reaction (5,2)
involving the attack of alcohol molecule on a protonated alcohol, as
indicated belowr H

() CH-CH,-O-H + H' —» CH-CH/ 0O-H

i) CH,CH,=0: + cHCE 0L 5= CH,CH

i) CH,CH,= 0 + CH~CHA~ O —» CH,CH,— (0= LA HLO
| H ]
NS H

(it} CH,CH,Q ~ CH,CH,— CH,CH;-O-CH,CH, + H
H

Acidic dehydration of alcohols. to give an alkene is also associated
with substitution reaction to give an ether.

The method is suitable for the preparation of ethers having
primary alkyl groups only. The alkyl group should be unhindered
and the temperature be kept low. Otherwise the reaction favours the
formation of alkene. The reaction follows 5, 1 pathway when the alcohol
is secondary or terfiary about which you will learn in higher classes.
However, the dehydration of secondary and tertiary alcohols to give
corresponding ethers is unsuccessiul as elimination competes over
substitution and as a consequence, allkenes are easily formed.

Can you explain why is bimolecular dehydration not appropriate
for the preparation of ethyl methyl ether?

Williamson synthesis

It is an importanl laboratory method for the preparation of
symmefrical and unsymmetrical ethers. In this method, an alkyl
halide is allowed to react with sodium alkoxide,

R-X + R—{) Na =————p R-(-R + Na X

Ethers containing substituted alkyl groups (secondary or tertiary)
may also be prepared by this method. The reaction involves 5,2 attack

of an alkoxide ion on primary alkyl halide.
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. & b
L‘JI—Iﬁ—l‘.tj—g‘gI\le+ + CHafgr ﬂﬂl-la—g—é‘,—c}le + MNaBr
CH, CH,

Better results are obtained if the alkyl halide is primary. In case
of secondary and tertiary alkyl halides, eliminalion competes over
substitution, Il a tertiary alkyl halide is used, an alkene is the only
reaction product and no ether is formed. For example, the reaction of
CH4ONa with |CH4);C-Br gives exclusively 2-methyvlpropene.

("Il
CH —C Br + NEI_U-CH — CH “C CH3+N3.B1‘ + CH,OH
CH, CH,

2-Methylpropene

It is because alkoxides are not only nucleophiles but strong bases
as well. They react with alkyl halides leading to elimination reactions.

Example 7.0 The following is not an appropriate reaction for the preparation of
t-butyl ethyl ether.

'{IZH,l {|3H,
C,H.ONa + CH,—C=Cl — CII; —-IIIZ—':?HCEI-I5

|

CH, CH,

(i) What would be the major product of this reaction ?
[ii} Write a suitable reaction for the preparation of t-butylethyl ether.
Solulion (i) The major product of the given reaction is 2-methylprop-1-ene.

It is because sodium ethoxide is a sirong nucleophile as well as
a strong base. Thus elimination reaction predominates over

substitution.
cnz Gllg
(i) CH:,—C‘—t-JM‘d + CH,CH,Cl —> CH -c—nC:H
CIL CII;&

Fhenols are also converted to ethers by this method. In this, phenol
is used as the phenoxide moiety.

G Na

H
+ NaOH— ——r@
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7.6.2 Physical
Properties

7.6.3 Chemical
Reactions

The C-0 bonds in ethers are polar and thus, ethers have a net dipole
moment. The weak polarity of ethers do not appreciably affeet their
boiling points which are comparable to those of the alkanes of
comparable molecular masses but are much lower than the boiling
points of alcohols as shown in the following cases:

Formula CH,(CH,),CH, C,H.-0-C,H, CH,(CHJ),-OH
r-Pentane Ethoxyethane Butan-1-ol
b.p./K 309.1 307.6 390

The large difference in boeiling points of alcohols and ethers is due
to the presence of hydrogen bonding in alcohols.

The miscibility of ethers with water resembles those of alcohols of
the same molecular mass. Both ethoxyethane and butan-1-ol are
miscible to almost the same extent i.e., 7.5 and 9 g per 100 mL walter,
respectively while pentane is essentially immiscible with water. Can
you explain this observation ? This is due to the fact that just like
alcohols, oxygen of ether can also form hydrogen bonds with water
molecule as shown:

1. Cleavage af C-0 bond in ethers

Ethers are the least reactive of the funictional groups. The cleavage of
C-0 bond in ethers takes place under drastic conditions with excess
of hydrogen halides. The reaction of dialkyl ether gives two alkyl
halide molecules,

R-O-R + HX—> RX + R-OH
R-OH + HX —»R-X + H,0

Alkyl aryl ethers are cleaved al the alkyl-oxygen bond due to the
more stable aryl-oxygen bond. The reaction yields phenol and alkyl
halide.

O-R OH

+H-X—— ©+R—K

Ethers with two different alkyl groups are also cleaved in the same
INATIINET.

R-O0-R'+ HX —R-X + R'—OH
The order of reactivity of hydrogen halides is az follows;

HI = HBr = HCI. The cleavage of ethers takes place with concenirated
HI or HEr at high temperature,
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Mechanism
The reaction of an ether with concentrated HI starts with protonation of ether molecule,
Siep 1.
H
‘= _ L |
CH,=0 —CHCH, +1I-1 & CH,=0—CHCH, +I

The reaction takes place with HBr or Hl because these reagenis are sufficienily acidic,

Step 2:

[odide is a good nucleophile. It aitacks the leasi subsiiiuted earbon of the oxonium
ion [ormed in step 1 and displaces an alcohol molecule by 5,2 mechanism.
Thus, in the cleavage of mixed ethers with two different allyl groups, the alcohol
and alkyl iodide formed, depend on the nature of alkyl groups. When primary or
secondary alkyl groups are present, It Is the lower alkyl group that forms alkyl
iodide (5,2 reaction).

1 H
e =T
I+ CH,—0=CHCH, — | I+CH»0-CHCH, | — CHy1 + CH,CH-OMH

When HI is in excess and the reaction {5 carried out at high temperature,
ethanol reacts with another molecule of IT and is converted to ethyl lodide.

Step 3: H
i I.|.
CH.CH,—O0=H + H-1 &% CHCH,=OH +T
CH,
I+ CH; C'UHE —» CH,CHl + HO

However, when one of the alkyl group is a fertiary group, the halide
formed is a tertiary halide.

s %
CHg~C — O—Cllg +HI—> CHyOH +CHy— ¢~
CHa CH;

It is because in step 2 of the reaction, the departure of leaving group
(HO-CH;) creates a more stable carbocation [[CH;lC', and the reaction
follows 5,1 mechanism.

In case of anisole, methylphenyl

g g :
+ i -0 =
CH,=C = O —CH, slow CH,—C* + cyon | OXonium fon, CH, (Ij CH, is
I H | H
CH, Cl, [ormed by protonation of ether. The
cip bond between O-CH, is weaker
?Hﬂ . i L than the bond between O-CyHy
CH,—C" + T = CH,—C—1 because the carbon of phenyl
| | group s sp® hybridised and there
CH, CH, is a partial double bond character.
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Therefore the attack by T ion breaks O-CH; bond Lo form CH,LL Phenols
do not react further to give halides because the sp® hybridised carbon
of phenol cannot undergo nucleophilic substitution reaction needed
for conversion to the halide.

Give the major products that are formed by heating each of the following i':'n;mmfe i
ethers with HI.

CH, CH,
(i) CH~CIL-CH-CIL-O-CH, -CH, [id} CI.IE—CHQ—CIIZ—D—F—CIIE—CHB

CH,
Jasela
CHg

I
) CHy-CHy-CT-CHOH + CHiCHl (i) CHaCHuCH,OH + CHaCHyC Solution

3 CHy
fii) Q— CH,I + D—DH

2, Electrophilic substitution
The alkoxy group (-OR) is ortho, para directing and activates the
aromaltic ring lowards eleclrophilic substitution in the same way as
in phenol.

t R +OR tOR
fﬁH Hﬁ Hﬁﬁ @

(i) Halogenation: Phﬂnylalkyl elthers undergo usual halogenalion
in the benzene ring, e.g., anisole undergoes bromination with
bromine in ethanoic acid even in the absence of iron ([II) bromide
catalyst. It is due to the activation of benzene ring by the methoxy
group. Para isomer is obtained in 90% yield.

OCH, OCH, {1{‘[1,

Br, in
Ethanoic acid

memuamaﬂlt o-Bromoanisole

{Major) (minor)

Anisole
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fii) Friedel-Crafis reaction: Anisole undergoes Friedel-Crafts reaction,
Le., the alkyl and acyl groups are introduced at ortho and para
positions by reaction with alkyl halide and acyl halide In the
presence of anhydrous aluminium chloride (a Lewis acid) as catalyst.

= OCH,
OCH, OCH,
Anhyd. AIC] -
+CH,CI Hotyr. AlCh . +
C5,
CH,
2-Methoxy- 4-Meilwwy -
Ltoluene toluene
MliTvor] (Major)
OCH;, OCH, OCH,
. COCH,
Q + CH,coc) 2ntyd- AlCL, +
COCH,
Ethanoyl 2-Melhoxy- 4-Methoxy-
chloride acelophenone acctophenone
Minor) (Major]

{iii) Niiraiion: Anisole reacts wilh a mixture ol comcentraled sulphuric
and niiric acids to yield a mixture of ortho and para nilroanisole.

OCH; OCH; OCH,

H,S0, NO; .
HNQ,
NO,

2 Nitroanisole 4 -Nitroanisole
(Minor] (Major)

ntext Cuestions

7.10 Write the reactions of Williamson synthesis of 2-ethoxy-3-methylpentane
starting from ethanol and 3-methylpentan-2-ol.

7.11 Which of the following is an appropriate set of reactants for the
preparation of 1-methoxy-4-nitrobenzene and why?

Br ONa

(i) + CH,ONa (il) + CH,Br

NO, NO,

C‘hemistr;{ _32{.}



7.12 Predicl the products of the [ollowing reactions:
(i CH,-CH,-CH,-0-CH,+HBr —

OC,H,
(1) O + HBr —>
i) Oc.hy Cone. 11,80,
Conc. HNG,

(i) (CH,),C-0OC,H;, —1—

¥
Summary

Alcohols and phenols are classified (i) on the basis of the number of hydroxyl
groups and (Ul) according to ihe hybridisaiion of the carbon atom, sp® or sp’ o
which the -OII group is attached. Ethers are classified on the basis of groups
attached to the oxygen alomn.

Alcohols may be prepared (1) by hydration of alkenes (i) in presence of an
acld and (iij by hydroboration-oxidation reaction (2) from carbonyl compounds by
(i} catalytic reduction and (i) the action of Grignard reagents. Phenols may be
prepared by (1) substitution of (i) halogen atom in haloarenes and (i} sulphonic
acid group in aryl sulphonic acids, by —OH group (2] by hydrolysis of diazonium
salts and (3] indusirally from cumene.

Alcohols are higher boiling than other classes of compounds, namely
hydrocarbons, ethers and haloalkanes of comparable molecular masses. The
abilily of aleohols, phenols and elhers lo form intermolecular hydrogen bonding
with water makes them soluble in it

Alcohols and phenols are acidic in nature. Electron withdrawing groups in
phenol increase its acldic sivength and electron releasing groups decrease it

Alcohols underge nucleophilic substituilon with hydrogen halides io yleld
alkyl halides. Dehydration ol alechols gives alkenes, On oxidation, primary aleohols
yield aldehydes with mild oxidising agenls and earboxylic acids with silrong
oxidising agents while secondary alcohols yield ketones. Terliary alcohols are
resistant fo oxidation,

The presence of —OH group in phenols activates the aromatic ring towards
clectrophilic substitution and direcis the incoming group io ortho and paora
posilions due to resonance elfect, Reimer-Tiemann reaction of phenol yields
salicylaldehyde. In presence of sodium hydroxide, phenol generates phenoxide
ion which s even more reactve than phenol. Thus, in alkaline medium. phenol
undergoes Kolbe's reaction.

Ethers may be prepared by (i} dehydration of alcohols and (i) Williamson
synthesis, The beiling peoinis of ethers resemble those of allkanes while their
solubility is comparable to those of alcohols having same molecular mass. The
C-0 bond In ethers can be cleaved by hydrogen halldes. In electrophilic
substitution, the alkoxy group activates the aromatic ring and directs the mcoming
group lo ortho and para posilions.
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Exercises

7.1 Write IUPAC names of lhe lollowing compounds:

CHs
|
[l CH&‘?H "?H'?_CI{E (i) HaC-fin—CHz-(I]H-(IjH-CHE_CHa
CHs OH CH, OH OH C,H,
(itl) CH,=- ?H‘?H_C}Ia (iv] HO=CH~CH=- CH,~0OH
OH on l.!]H
Cl; CH, CH; CH,
OH OH
(v) (vi) (vii) (viii]
H
CH
OH CH, :
(i) CHyO=CHCH=CH, (x) CH-0-CH,
CH,
{xi) CH-O-C,H, [n-] (i) CI—L—CHE—()—?H—CIL—CH,
CH,
7.2 Write structures of the compounds whose [UPAC names are as follows:
(i) 2-Methylbutan-2-ol (ii) 1-Phenylpropan-2-ol
(iil) 3.5-Dimethylhexane -1, 3, 5-lricl (iv] 2,3 - Diethylphenol
(v] 1 — Eihoxypropane {vi) 2-Ethoxy-3-methylpentane
(vii] Cyelohexylmethanol {viil] 3-Cyclohexylpentan-3-ol
fiz) Cyclopen(-3-en-1-ol ) 4-Chloro-3-ethylbulan-1-ol.

7.3 (1) Draw the structures of all isomeric alcohols of molecular formula C.IT1,,0
and give their ITUPAC names.

(i) Classify the isomers of alcohols in question 7.3 (i) as primary, secondary
and tertiary aleohols.

7.4 Explain why propanel has higher boiling point than that of the hydrocarben,
butane?

7.5 Alcohols are comparatively more soluble in water ithan hydrocarbons of
corpparable molecular masses, Explain this fact.

7.6 What 15 meant by hydroboration-cxidation reaction? [Mustrate it with an example,

7.7 Give the structures and IUPAC names of monchydric phenols of molecular
[ormula, C,HyO.

7.8 While separating a mixture of ortho and para nitrophenols by steam
distillation, name the isomer which will be steam wvolatile. Give reason.

7.9 Give the equations of reactioms for the preparation of phenol from cumene.
7.10 Write chemical reaction for the preparation of pheneol from chlorobenzene.
7.11 Write the mechanism of hydration of ethene to yield ethanol.

7.12 You are given benzene, conc, H;50, and NaOH., Wiile the equalions for the
preparation of phenol using lhese reagenls.
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7.13 Show how will you synthesise:
(i] 1-phenylethanol from a sudtable alkene.
[ii] cyclohexylmethanol using an allyl halide by an 5,2 reaction.
(iii) pentan-1-o0l using a suitable alkyl halide?

7.14 Give two reactions that show the acidic nature of phenol. Compare acidity
of phenol with that of ethanol.

7.15 Explain why is ortho nitrophenol more acidie than oriho methoxyphenol

7.16 Explain how does the -OH group atlached to a carbon of benzene ring
activate it towards electrophilic substitution?

7.17 Give eguations of the following reactioms:
(1) Oxddation of propan-l1-ol with alkaline EMnO, solution.
(i) Bromine in €S, with phenol.
{i) DMlute HNO, with phenol.
{iv) Treating phenol wih chiloroform In presence of aguecus NaOIL
7.18 Explain the following with an example.
(i] Eolbe's reaclion.
[ii] Reimer-Tiemann reaclion.
(iii) Williamson ether synthesia.
fiv) Unsymmeirical elher.
7.19 Wrte the mechanism of acid dehydration of ethanol to yield ethene.
7.20 How are the following conversions carried oul?
(i) Propene - Propan-2-ol.
(i) Benzyl chloride — Benzyl alcohol.
(iii) Ethyl magnesium chloride — Propan-1-ol
(iv]) Methyl magnesium bromide — 2-Methylpropan-2-ol.
7.21 Name the reagents used in the following reactions:
fi) Oxidation of a primary alcohol to carboxylic acid.
(i) Oxidation of a primary aleohol to aldehyde.
liii) Bromination of phenol to 2,4,6-lribromophenol.
fiv] Benzyl alcohol o benzoic acid.
iv] Dehydralion of propan-2-ol lo propene.
fvi] Butan-Z-one to butan-2-ol.

7.22 Give reason for the higher boiling point of ethancl in comparison to
methoxymethane.
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7.23

7.24

7.25
7.268
T.27
7.28

7.29

7.30
7.31

7.32

7.33

Chemistry gdde

Give IUPAC names of the following ethers:

(1) cgn,,ocu,—{i;ﬁ —CH, (i) CH,OCH,CH,Cl (il O,N-C,H~OCILipl

CH, H,C CH,
ftv) CH.CH,CH,OCH, v @ (i) ©
OC,I. OC, .

Write the names of reagents and equations for the preparation of the following
ethers by Williamson's synthesis:

i} 1-Propoxypropane (ii] Ethoxybenzene
(it} 2-Methoxy-2-methylpropane fivl 1-Methoxyethane

Muslrate with examples the limitalions of Willlamson synthesis for (he
preparation of certain types of ethers.

How i=s l-propoxypropane synthesised [from propan-1-ol? Write mechanism
of this reaction.

Preparation of ethers by acid dehydration of secondary or lerfiary alcohiols
is not a suitable method. Give reason.

Write the equabion of the reaction of hydrogen iodide wilh:
{i} l-propoxypropane (i) methoxybenzene and (i) benzyl ethvl ether.

Explain the fact that in aryl alkyl ethers {i] the alkoxy group actvates the
benzene ring towards electrophilic substitution and (i) it directs the
incoming substituents to orthe and para positions in benzene ring.
Write the mechanism ol the reaction of HI with methoxymethane.
Write equations of the following reactions:

(i) Friedel-Crafts reaction — alkylation of anisole.

(i) Nitratlon of anisole.

(iii) Bromination of anisole in ethanoic acid medium.

(iv) Friedel-Crafi's aceiyladon of anisole.
Show how would you synthesise the following alcohols from appropriate
alkenes?

CH,

OH
(i) OH (i) \/\j(\/
OH
(1) /j\/\ (v) OH

When 3-methylbutan-2-ol is freated with HBr, the following reaction tales
place:

Br
~ B = i |
CHeoCH-CH-CL _ HBe | onr o 6,00,
1
CH, OH e

Give a mechanism for this reaclion.
[Hint : The secondary carbocation formed in step Il rearranges to a more
stable tertlary carbocation by a hydride lon shiff from 3rd carbon atom.



Answers to Some Intext Questions

7.1 Frimary alcohols (i), fid), (idi)
Secondary alcohols (iv) and [¥)
Tertiary alechols [wi)

7.2 Allylic alcohols (ii) and (vi)

7.3 {i} 4Chloro-3-ethyl-2-[1-methylethylj-butan-1-ol
{fi} 2, 5-Dimelhylhexane-1,3-diol
(iii) 3-Bromocyclohexanol
{iv) Hex-1-en-3-ol
(v} 2-Bromo-3-methylbut-2-en-1-cl

OMgBr
7.4 ) CH:;—ri‘.‘H-—MgBr + HCHO —:-CHE—(I]H-—CH, HD
CH, CHj
CH,=~CH=~CH,0H + Mg(OH)Br
|
CH;
MgBr CH,OMgBr  CI,OH
(il HCHO + —_— —_
Ol
CH,=G=OCH,
7.5 () CI—la—iI:II — CH, fi) 0
OH

{ii} CH =~CH,— C'H — CH,0H
&,
7.7 (i) 1-Methylcyclohexene
{ii} A Mixture of but-1-ene and but-2-ene. But-2-ene is the major product
formed due to rearrangement to give secondary carbocation.

7.10 CH,- CH,- CH - CH- CH, == CH, - CH, - CH~ CH - ONa.
| I | |

CH, OIl CH, CI,

C,H,0H 23 CH,Br

CH.—CH, - FH -CH-0ONa + C;H.Br — CH, - CH, - CH-CIH - OC,H,
1 i |
CH, Ci, CH, CH,
2-Ethoxy-3-methylpentane
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7.11 (i)

OH
7.12 () CH,CH,CH,OH +CH,Br (ii) 0 + CJLBr

OC,H, oC,H,
(i) g + D/ (iv) (CH,), C~1+C,H,OH
NO, NO,
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After studying this Unit, you will he
able to

write the common and IUPAC
names of aldehydes, kelones and
carboxylic acids;

wrile the sbructures of tLhe
compounds containing functional
groups mnamely carbonyl and
carboxyl groups;

describe the important methods
of preparation and reactions of
these classes of compounds;
correlale physical properiies and
chemical reactions of aldehydes,
ketones and carbexylic acids,
with their structures;

explain the mechanizm of a few
selected reactions of aldehydes
and ketones;

undersitand  various  factors
alfecting lhe acidity of carboxylic
acids and their reactions;
describe lhe uses of aldehydes,
ketones and carboxylic acids.

Aldehydes, Ketones
and’ Carhoxylic
Aclds

Carborgl compeunds are of wimosl importance o organic
chemistry. They are constituents of fobrics, flavourings, plostics
crnel drugs.

In the previous Unil, you have studied organic
compounds with functional groups containing carbon-
oxygen single bond, In this Unit, we will study about the
organic compounds containing carbon-oxygen double
bond (>C=0) called carbonyl group, which is one of the
niost important functional groups in organic chemistry.

In aldehydes, the carbonyl group Is bonded to a
carbon and hydrogen while in the ketones, it is bonded
to two carbon atoms. The carbeonyl compounds In which
carbon of carbonyl group Is bonded to carbon or
hydrogen and oxygen of hydroxvl molety (-OH) are
known as carboxylic acids, while in compounds where
carbon is attached to carbon or hydrogen and nitrogen
of -NH, molety or to halogens are called amides and
acyl halides respectively. Esters and anhydrides are
derivatives of carboxylic acids. The general formulas of
these classes of compounds are given below:

2 0 O
I Il ]
& e & on
A]sd&h}_;de Ketone Carboxyvlc acid
O 0
Il Il
R/C\x AH,
Acyl halide; X = (Halogen) Amide



0 O
i o
el ™~ R/,'l % e
oRrR
Eater Acid Eﬂh}’dﬂ&ﬂ
Aldehydes, ketones and carboxylic acids are widespread in plants
and animal kingdom. They play an important rele in biochemical
processes of lile. They add fragrance and favour to nature, lor example,
vanillin ([rom vanilla beans), salicylaldehyde ([rom meadow sweet) and
cinnamaldehyde (from cinnamon) have very pleasant fragrances.

CHO e
#10 CH = CHCHO
Ol
OCH,
OH
WVanillin Salicylaldehyde Cinnamaldehyde

They are used in many food products and pharmaceuticals to add
flavours. Some of these [amilies are manufactured for use as solvents
(i.e., acelone) and [or preparing malerials like adhesives, paints, resins,
perfumes, plastics, fabrics, elc.

8.1 Vowenclature and Structure of Carbonyl Group

8.1.1 I. Aldehydes and ketones
Nomenclature Aldehydes and ketones are the simplest and most important carbonyl
compounds,

There are two systems of nomenclature of aldehydes and ketones.

(o} Common names

Aldehydes and keiones are often called by their common names
instead of IUPAC names. The common names of most aldehydes are
derived from the common names of the corresponding carboxylic
acids [Section 8.6.1] by replacing the ending —ic of acid with aldehyde.
At the same timne, the names reflect the Latin or Greek term for the
original source of the acid or aldehyde. The location of the substiluent
i1 the carbon chain s indicated by Greek letters o, B, v, 5, ete. The
c-carbon being the one directly linked to the aldehyde group,
fi-carbon the next, and so on. For example

CHO ?r il
CH,CHO H.,C=—CH == CH,— C—H
Y B o
Aceialdehyde Benzaldehyde f-Bromobutyraldehyde
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The common names of ketones are derived by naming two alkyl
or aryl groups bonded to the carbonyl group. The locations of
substituents are indicated by Greek leiiers, aa’, B "and so on
beginning with the carbon atoms next to the carbonyl group,
indicated as co'. Some ketones have historical common names,
lhe simplest dimethyl kelone is called acetone, Alkyl phenyl
ketones are usually named by adding the name of acyl group as
prefix to the word phenone. For example

CI-I,L CH, ©/ \C” ©/ \'CH/EHE @I @

Acetone Acetophenone Propiophenone Benzophenone

(b} TUPAC names

The ITUPAC names of open chain aliphatic aldehydes and ketones
are derived from the names of the corresponding alkanes by
replacing the ending —e with ~al and -one respectively. In case of
aldehydes the longest carbon chain is numbered starting from the
carbon of the aldehyde group while In case of ketones the
numbering begins from the end nearer to the carbonyl group. The
substituents are prefixed in alphabetical order along with numerals
indicating their positions in the carbon chain. The same applies to
cyclic kelones, where the carbonyl carbon is numbered one. When
the aldehyde group is attached to a ring, the sullix carbaldehyde
is added afier the full name of the cycloalkane. The numbering of
the ring carbon atoms start from the carbon atom attached to the
aldehyde group. The name of the simplest aromatic aldehyde
carrying the aldehyde group on a benzene ring is
benzenecarbaldehyde. However, the common name benzaldehyde
is also accepted by IUPAC. Other aromatic aldehydes are hence
named as substituted benzaldehydes.

O
0 [ilf CH, 0
i
CH=~C=—H CH-CH~—CH, CH""'CH-' CH '—( =—H
Ethanal 4-Bromo-3-methylheptanal CH,
3-Methyleyclopentanone
(8]
CH,— CH,— CH=CH—C~1] '
- — ._ = — -'—
. Peni-2-enal
Cyclohexanecarbaldehyde |-Phenylpropan- 1 -one
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0 O

i i CH, O CH,
H Ol — il CH,— CH—C— [lJH""CHS
AEpantanl 2,4-Dimethylpentan-3-one
CHO
OHC = CH iy EIZTI— CHy= CHO
CHO
NO, Fropane-1,2,3-iricarbaldehyde

e Note: To give fdentical reatment to all aldehvdie
4-Nitroh " groups, the compound is named as shown above.

The common and I[UPAC names of 2ome aldehydes and ketones are
given in Table 8.1.

Table 8.1: Common and IUPAC Names of Some Aldehydes and Ketones

4-Nitrobenzenecarbaldehyde [

Structure Common name IUPAC name
Aldehydes

HCHO Formaldehyde Methanal

CH,CHO Acetaldehyde Ethanal
[CHal,CHCHO Isobutyraldehyde 2-Methylpropanal

H,C HO
\O/C v-Methyloyclohexanecarbaldehyde | 3-Methyleyclohexanecarbaldehyde

CH;CHIOCH,)CHO o-Melthoxypropionaldehyde 2-Melhoxypropanal
CH,CH,CH,CH,CHC | Valeraldechyde Pentanal
CHy=CHCHO Acrolein Prop-2-enal

CHO
g Phthaldehyde Benzene-1,2-dicarbaldehyde

CIIO

o J-Bromobenzenecarbaldchyde
or
m-Bromobenzaldehyde J-Bromobenzaldehyde
Br

Hetones
CIHLCOCH,CILCI, Methyl n-propyl kelone Pentan-2-one
(CHy),CHCOCH({CH,); | Diisopropyl ketone 2 4-Dimethylpentan-3-one

O
q o-Methyleyclohexanone 2-Methyleyelohexanonc

CH,
(CH3);C=CHCOCH; | Meszityl oxide 4-Methylpent-3-en-2-one

Chemistry _;ﬁ_(_h



8.1.2 Structure The carbonyl carbon atom is sp”-hybridised and forms three sigma (o)

of the bonds. The fourth valence electron of carbon remains in its p-orbital
Carbonyl and forms a n-bond with oxygen by overlap with p-orbital of an oxygen.
Group In addition, the oxygen atom also has two non bonding electron pairs.

Thus, the carbonyl carbon and the three atoms attached o it lie in the
same plane and the n-electron cloud is above and below this plane. The
hond angles are approzimately 120° as expecled of a irigonal coplanar
structure (Figure 8.1).

;‘;-.\ ol * 120
/;gmé}/ ?\t‘:‘ag E/ 12 CTX’?

Fig.8.1 Ovrbital diagrem for the formation of carbonyl group

The carbon-oxygen double bond is polarised due o higher
clectronegativity of oxygen relative fo carbon. Hence, the carbonyl
0 carbon is an electrophilic (Lewis acld), and carbonyl
oxygen, a nucleophilic (Lewis base) centre. Carbonyl
compounds have substantial dipole mements and are

0

i
/C\ /G\ polar than ethers. The high polarity of the carbonyl group

(A) (B)

is explained on the basis of resonance involving a neuiral
(A) and a dipolar (B) structures as shown.

[ntext Cuestions

B.1 Write the structures of the following compounds,

(il o-Methoxypropionaldehyde (il 3-Hydroxybutanal
fii) 2-Hydroxycyclopentane carbaldehyde (iv) 4-Oxopentanal
v) Di-sec. butyl ketone {vi] 4-Fluoroacetophenone

8.2 prﬂpm‘m'.m‘ﬂ Df HME}THL{ES Some important methods for the preparation of aldehydes

and Ketonas and ketones are as follows:
8.2.1 Preparation 1. By oxidation of alcohols
of Aldehydes and ketones are generally prepared by oxidation of primary
Mithﬂ'dcs and secondary alcohols, respectively (Unit 7, Class XII).
an
Ketones 2. By dehydrogenation of alcohols

This methed is suitable for volatile alcohols and is of industrial
application. In this method alcohol vapours are passed over heavy
metal catalysts (Ag or Cu). Primary and secondary alcohols give
aldehvdes and keiones, respectively (Unit 7, Class XII).

3. From hydrocarbons

{0 By ozonolysis of alkenes: As we know, ozonolysis of alkenes
followed by reaction with zine dust and water gives aldehydes,
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5.2.2 Preparation

Aldehydes

ketones or a mixture of both depending on the substilution
pattern of the alkene (Unit 9, Class XI).

(il By hydration of allynes: Addition of water to ethyne in the
presence of H;50, and HgS0, gives acclaldehyde. All other
alkynes give ketones in this reaction (Unit 9, Class XIJ.

From acyl chloride (acid chloride)
Acyl chloride (acid chloride) is hydrogenated over catalysl, palladiurm
on barium sulphate. This reaction is called Rosenmund reduction,

0
i CHO
Na 3, > G/
Pd - Bas0,

Benzoyl chloride Benzaldehyde

From nitriles and esters

Nitriles are reduced to corresponding imine with stannous chloride
in the presence of hydrochloric acid, which on hydrolysis give
corresponding aldehyde.

RCN + 5nCl; + HCl =——RCH =NH &RCHD
This reaction is called Stephen reaction.

Alternatively, nitriles are selectively reduced by
diisobulylaluminium hydride, (DIBAL-H) to imines lollowed hy
hydrolysis to aldehydes:

RoN o AHUEY, o noono
2, IO
Y -
CH, — CH=CH-CH,CH,-CN — ""Emé E“J‘ > CH, — CH=CH-CH,CH,-CHO
v ]
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Similarly, esters are also reduced o aldehydes with DIBAL-H.

0 0
I 1. DIBAL-HI li
CH,(CH,); — C — OC,H, ————— CH,(CH),—C — H

3. From hydrocarbons

Aromatic aldehydes (benzaldehyde and its derivalives) are prepared
from aromaiic hydrocarbons by the following meihods:
(il By oxidation of methylbenzene
Strong oxidising agents oxidise toluene and its derivatives to
henzoic acids. However, it is possible fo stop the oxidation at
the aldehyde stage with suitable reagents that convert the methyl
group to an intermediate that is difficult to oxidise further. The
following methods are used for this purpose.
{a) Use of chromyl chloride (CrO,Cl;): Chromyl chloride oxidises
methyl group to a chromium complex. which on hydrolysis
gives corresponding benzaldehyde.



CH, CH(OCIOHCL), | CHO
G + Cro,clL —>» O 2, @’

Toluene Chromium complex Benzaldehyde

This reaction is called Etard reaction.

(b) Use of chromic oxide [Cr(): Toluene or substituted toluene
is converted to benzylidene diacetate on treating with chromic
oxide in acelic anhydride. The benzylidene diaceiate can be
hydrolysed to cormesponding benzaldehyde with aqueous acid.

CHL, . CHOCOCHJ, ., . CHO
O + Cro, + (CH,CO),0 —L2283K O H'T, @’

Benzaldehyde

(ti} By side chain chlorination followed by hydrolysis

Side chain chlorination of toluene gives benzal chloride, which
on hydrolysis gives benzaldehyde. This is a commercial method
of manufacture of benzaldehyde.

CH, Sk CHCY, o CHO
1 3 5
U : g 373K O/

Toluene Benzal chloride Benzaldehyde

(iii} By Gallerman — Koch reaction

When benzene or its derivative is treated with carbon monoxide
and hydrogen chloride in the presence of anhydrous aluminium
chloride or cuprous chloride, it gives benzaldehyde or substituled

benzaldehyde.
CHO
CO.HC1 |
Anhyd. AICL/CuCl’
Benzene Benzaldelyde

This reacton is known as Gatterman-Koch reaction.

8.2.3 Preparation 1. From acyl chlorides

of Ketones Treatment of acyl chlorides with dialkyleadmium, prepared by the
reaction of cadmium chloride with Grignard reagent, gives ketones.

ZR—Mg—X + CdCl,—>»R,Cd + 2ZMgXCl

2R — ﬁ 67 + RCd — 2R — th| —R 4+ Cd4cl,
O O
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2. From nitriles
Treating a nitrile with Grignard reagent followed by hydrolysis yiclds

a ketone.,
NMgBr ]
. ciher 4 11,07 4
CH,—CH,—C=N+ CJ{,MgBr—bCHaCE{,—C\ —_— CH,.—C
CaHs \‘csi-{,,
Propiophenone

{1-Phenylpropanone]

3. From benzene or substituted benzenes
When benzene or substituted benzene is treated with acid chloride in
the presence of anhydrous aluminium chloride, it affords the
corresponding ketone. This reaction is known as Friedel-Crafts
acylation reaction.

0
0 &
] Y " i
@ s Ar/R-h_qp Anhyd Ak @ Ar/R
Exgmple 8.) Give names of the reagenis (o bring aboul the following
transformations:
i) Hexan-1-ol to hexanal (il Cyclohexanol to eyclohexanone
liii) p-Fluorotoluene to {ivli Ethanenitrile to ethanal
p-lluorobenzaldehyde
(v Allyl aleohol to propenal f(vi) But-2-ene to ethanal
Solulivn ) CHNHCrO,CHPCC) (i) Anhydrous CrO,
(iii} Cr0,in the presence (iv) (Diisobutyllaluminium
of acetic anhydride/ hydride (DIBAL-H)
1.Cr0,Cl1, 2. HOH
v) PCC fvi) ©,/H,0-Zn dust
Intext Cueslion
8.2 Write the structures of products of the following reactions;
O
g
-~ Anhvd, AlC (CH,CH,),Cd + 2 CH,COCl —»
W © sCH, o 2=mdalh, ) .
3,
CH,
) H,C—C=C—H Hgﬂ+. H.S0, i) 1.Cr0.ClL,
. 2.1,0
NO,

Chemistry s



83 physiuﬂ!
Droperties

The physical properties of aldehydes and kefones are described as
follows.

Methanal is a gas at room temperature. Ethanal is a volatile liquid.
Other aldehydes and ketones are liquid or solid at room temperature.
The beiling poinits of aldehydes and ketones are higher than
hydrocarbons and ethers of comparable molecular masses. It is due to
weak molecular association in aldehvdes and ketones arising oul of the
dipele-dipole interactions. Also, their beiling points are lower than those
of aleohols of similar molecular masses due to absence of intermolecular
hydrogen bonding. The following compounds of molecular masses 58
and 60 are ranked in order of increasing boiling points.

n-Butane 273 58
Methoxyethane 281 60
FPropanal 322 ha
Acetone 329 53
Propan-1-ol 370 G0

The lower members of aldehydes and ketones such as methanal,
ethanal and propanone are miscible with water in all proportions,
because they form hydrogen bond wilh water.

fi

Ral b & 5*/0\5* 5 &_~R

C=—=0--—-—-H H-——— 0 =—{
R R

However, the solubility of aldehydes and ketones decreases rapidly
on increasing the length of alkyl chain. All aldehydes and ketones are
fairly soluble in organic solvents like benzene., ether, methanol,
chloroform, ete, The lower aldehydes have sharp pungent odours. As
the size of the molecule increases, the odour becomes less pungent
and more fragrant. In lacl, many naturally occurring aldehydes and
ketones are used in the blending of perfumes and flavouring agentis.

Arrange the following compounds in the increasing order of their  Cxample 8.2

boiling points:

CIH,CH,CH,CHO, CH,CH,CH,CH,0H, H,C,-0-C,H,, CH CH,CH,CI,

The molecular masses of these compounds are in the range of 72 (o Solution
74. Since only bulan-1-ol molecules are associated due to extensive
intermolecular hydrogen bonding, therefore, the boiling point of
butan-1-ol would be the highest. Butanal is more peolar than
ethoxyethane. Therefore. the intermolecular dipole-dipole attraction

is stronger in the former. n-Pentane molecules have only weak van

der Waals forces. Hence increasing order of boiling points of the

given compounds is as follows:

CH,CH,CIH,CH, < H,C,-0-C,H, < CH,CH,CH,CHO < CH,CH,CH,CH,OH
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[ntext Quaﬁ tion

8.3 Arrange the following compounds in increasing order of
their boiling points.

CH,CHO, CH,CH,0H, CH,OCH,, CH_CH CI,

8.4 Chemical Since aldehydes and kelones both possess the carbonyl functional

Reactions

group, they undergo similar chemical reactions.

1. Nucleophilic addition reactions

Nu

\s s
aﬂa'C (@]
h-"" N

Planar

slow || step 1

Nu
[

Tetrahedral intermecdiate

Comnfrary to electrophilic addition reactions observed in allkkenes, the
aldehydes and ketones undergo nucleophilic addition reactions.

(il Mechanism of nucleophilic addition reactions

A nucleophile attacks the electrophilic carbon atom of the polar
carbonyl group from a direction approximately perpendicular
to the plane of sp® hybridised orbitals of carbonyl carbon (Fig.
§.2). The hybridisation of carbon changes from sp® to sp” in
this process, and a tetrahedral alkoxide intermediate is
produced. This intermediale captures a proton [rom the
reacltion mediam to give
the electrically neutral
product. The net result is

addition of Nu™ and H'
Iasl /J\ across the carbon oxygen
step z B OH double bond as shown in

Fig. 8.2.

Addition product

Fig.8.2: Nucleophilic altack on carbonyl carbor

(il Reactivily

Aldehydes are generally more reactive than ketones in
nucleophilic addition reactions due to steric and electronic
reasons. Sterically, the presence of two relatively large
substituents in kelones hinders the approach of nucleophile to
carbonyl carbon than in aldehydes having only one such
substituent. Electronically. aldehydes are more reactive than
ketones because two allyl groups reduce the electrophilicity of
the carbonyl carbon more effectively than in former.

|':~.xmf.~tp1' g 5.9 Would yvou expect benzaldehyde to be more reactive or less reactive in

nucleophilic addition reactions than propanal? Explain your answer.

Solulton The ecarbon atom of the carbonyl group of henzaldehyde is less
clectrophilic than carbon atom of the carbonyl group present in

i

C
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0 propanal, The polarity of the carbonyl

group is reduced in benzaldehyde due

N @EH to resonance as shown below and
—> hence it is less reactive than propanal.



(i) Some important examples of nucleophilic addition and
nucleophilic addition-elimination reactions:

HCN + OH =———= N+ I [al Addition of hydrogen cyanide (HCN]: Aldehydes
20 and ketones react with hydrogen cyanide (HCN)
lo yield eyanohydrins. This reaclion occurs very

5 5 o : : _
\&5‘3) ot \C/‘ slowly with pure HCN. Therefore, it is calalysed
AR o |- I / ~ . by a base and the generated eyanide fon [CN)
CN being a stronger nucleophile readily adds to

carbonyl compounds to yield corresponding

H* _ACN 'I!I‘E:rahtdra_.l cyanohydrin.
. ermediate : ;

e >L:H Cyanohydrinsg are useful synthelic
OH intermediates.

Cyananydrn (b} Addition of sodium hydrogensulphite: Sodium

hydrogensulphite adds to aldehydes and

ketones to form the addition products.

- The position of

0S0,H trans 0SO.N
\\['=U + NaI—ISUa ;"‘“\D/ : prion i -.\C",J':] iha the (‘Equﬂ_ﬂ]ﬂum
o 7/ \‘f_-.’NH 7 \':H'l lies ]afgﬁlj? to
Bisulphite addition Eﬂg ntght hEm'::
compound side for mos

(crystalline) aldehydes and to

the left for most

ketones due to steric reasons, The hydrogensulphite addition

compound is water soluble and can be eonverted back to the

original carbonyl compound by reating it with dilule mineral

acid or alkali. Therefore, these are uselul for separation and
purilication of aldehydes.

le) Addition of Grignard reagents: (refer Unit 7, Class XII).

(d) Addition of alcohols: Aldehydes react with one equivalent of
menchydric alcohol in the presence of dry hydrogen chloride
lo yield alkoxyalcohol intermediate, known as hemiacetals,
which further react with one more molecule of alcohol io

give a gem-dialkoxy
compound known as

ROTI OR' OR’ acetal as shown in the
~ HClgas R'OH reaction.

. L5 T R-CH + H0 Ketones react with
OH OR' cthylene glycol under
Hemiacetal Acetal similar conditions to form
cyclic products known as

ethylene glycol ketals.
Dry hydrogen chloride
protonates the oxygen of
R CH,OH . R O —CH the carbonyl compounds
\'C=D + | % \"(*:"" ’ + H,0 and therefore. increases
R/ CH,OH dil. TICI R” “No_CH, the electrophilicity of the
Ethylene glycol ketal carbonyl carbon facilitating
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N
Jc=0 +

HN-Z =—>

the nueleophilic attack of ethylene glycol. Acetals and ketals
are hydrolysed with aqueous mineral acids to yield
corresponding aldehydes and ketones respectively.

(e} Addition of ammonia and its derivatives: Nucleophiles, such
as ammonia and its derivatives H,N-Z add to the carbonyl
group of aldehydes and ketones. The reaclion is reversible

QOH
'\C;"
7 Nnnz

i

C=N-Z + H;0

N/

and catalysed by acid.
The equilibrium
favours the product
tormation due to rapid
dehydration of the
intermediate to form
=C=N-Z.

Z = Alkyl, aryl, OH, NII,, C.H.NH, NHCONH,, etc.

Table 8.2: Some N-Substituted Derivatives of Aldehydes and Ketones (>C=N-Z)

—0OH
_N'I-I:
O

0,
—HN NO,

i
—NH—C—NH,

Reagent name

Ammonia

Amine
Hydroxylamine

Hydrazine

Phenylhydrazine

2,4-Dinitrophenyl-
hydrazine

Semlearbazide

Carbonyl derivative

0,N

i
>c=N-NH ~C=NH,

Produectl. name

Imine

Substituled imine
[Schiff's base)

Orcme

Hydrazone

Phenylhydrazone

0, 2,4 Dinitrophenyl-

hydrazone

Semilcarbazone

¢ 2. 4-DNP-clerivalives are yellow, orange or red solids. useful for characterisation af aldehydes and kelones.
2. Reduction

(i} Reduction to alcohols: Aldehydes and ketones are reduced to
primary and secondary alechols respectively by sodium
borohydride (NaBH,) or lithium aluminium hydride (LiAlH,) as
well as by catalytic hydrogenation (Unit 7, Class XII}.

(t} Reduction to hydrocarbons: The carbonyl group of aldehydes
and ketones is reduced to CII; group on treatment with zine-
amalgam and concentrated hydrochloric acid [Clemmensen

Chemistry s



Bernbard Tollens
{1841-1818) was a
Prufessor of Chemistry
at the Unfversity of
Grottingen, Germiany,

reduction] or with hydrazine followed by heating with sodium
or potassium hydroxide in high boiling solvent such as ethylene
glycol (Wolfi-Eishner reduction).

Zn-H
::c=m — }r:'H,, + H,0  (Clemmensen reduction)
N~ NHNH, N KOH/ethylene glyrol N
C=0 —5*+ JC=NNH, P > f,[‘-i L, + N,
(Weollf-Kishner rduction)

3. Oxidation

Aldehydes differ [rom ketones in their oxadalion reactions. Aldehydes
are easily oxidised to carboxylic acids on treatment with common
oxidising agents like nitric acid, potassium permanganate, potassium
dichromate, elc. Even mild oxidising agents. mainly Tollens' reagent
and Fehlings' reagent also oxidise aldehydes.
R-CHO —2—s R-COOH
Keiones are generally oxidised under vigorous conditions. i.e.,
strong oxidising agents and at elevated temperatures. Their oxidation
involves carbon-carbon bond cleavage to alford a mixiure of carboxylic
acids having lesser number of carbon atoms than the parent ketone.

1 z .3
R—CH,—C—CH,-RX' L R-COCH + R-CH,COOH
e (By cleavage of C,-C, bond)

+

R-CH,COOH + R-COOH
By cleavage of C,-C, bond)

The mild oxidising agents given below are used lo distinguish
aldehydes from ketones:
fii Tollens' test: On warming an aldehvde with freshly prepared
ammoniacal silver nitrate solution (Tollens” reagent), a bright
silver mirror is produced due to the formation of silver metal.
The aldehydes are oxidised (o corresponding carboxylale anion.
The reacon occurs in alkaline medium.

RCHO + Z2[AgINH)]" + 8 OH —— RCOO + 2Ag +2H,0 + 4NH,

(iif Fehling's test: Fehling reagent comprises of two solutions,
Fehling solution A and Fehling solution B. Fehling solution A is
agqueous copper sulphate and Fehling solution B is alkaline
sodium potassium tartarate (Rochelle salt). These two solufions
are mixed in equal amounts before test. On heating an aldehyde
with Fehling's reagent, a reddish brown precipitate is obtained.
Aldehydes are oxidised lo corresponding carboxylate anion.
Aromatic aldehydes do not respond to this test.

R-CHO + 2ZCu® + BOH — RCOO + Cu,0 + 3H,0
Red-brown ppl
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(iti) Oxidation of methyl ketones by haloform reactlion:

Aldehydes and ketones having at
linked to Lhe carbonyl carbon

least one methyl group
atom (methyl ketones)

are oxidised by sodium hypohalite to sodium salts of

O 0
Il NaQX I
R—C—CH,——[R—{C—0ONa <+ CHX, (X=Cl Br, 1l

H\\ CH,
MNaOCl
C=C( ONa + CHCL

corresponding carboxylic
acids having one carbon
atom less than that of
carbonyl compound. The
methyl group is
converted to haloform.
This oxidation does not
affect a ecarbon-carbon
double bond, il present
in {he molecule,

lodoform reaction with sodium hypolodite 1s also used for detection
of CH,CO group or CH;CH(OH) group which produces CH,CO group

| ﬂx;z rﬁph: H—.l

o
Solulion

0
|

(A)
C,I,0
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on oxidabtion.

An organic compound (A) with moelecular formula C.HO forms an
orange-red precipitate with 2,4-DNP reagent and gives yellow
precipitate on heating with fodine in the presence of sodium
hydroxide. It nelther reduces Tollens’ or Fehlings’ reagent, nor does
it decolourise bromine water or Baeyer's reagent. On drastic oxidation
with chromic acid, it gives a carboxylic acid (B) having molecular
lormula C.H.O,. Identify the compounds (A) and (B) and explain the
reactions involved.

(&) forms 2,4-DNP derivative. Therefore, it 1=z an aldehyde or a ketone.
Since it does not reduce Tollens’ or Fehling reagent, (A) must be a ketone.
(A responds to iodoform test. Therefore. it should be a methyl ketone.
The molecular formula of (A) indicates high degree of unsaturation, yel
it does notl decolourise bromine waler or Baeyer's reagent. This indicales
the presence of unsaturation due 1o an aromatic ring.

Compound (B), being an oxidation product of a ketone should be a
carboxylic acid. The molecular formula of {B) indicates that it should
be benzoic acid and compound (A) should, therefore, be a
monosubstituted aromatic methyl ketone. The molecular formula of
(A) indicates that it should be phenyl methyl ketone (acetophenone).
Reactions are as follows:

0 0,

| N N
B H.C
~ -H,0 kS
O/ CH, + mmm—@— NO, : C=N—NH NO,

2, 4-Dinicophenylhydrazine 2, +-DNF derivative



COOH ’ﬁ 'if
O/ HCrO, G—c—cm N=OH O—:‘:—owa + CHIL,
€ T
(B)
(Al

CHO,

4. Reactions due to g-hydrogen

Acidity of orhydrogens of aldehydes and ketones: The aldehydes
and kelones undergo a number ol reacltions due to the acidic nature
of o-hydrogen.,

The acidity of a-hydrogen atoms of carbonyl compounds is due
to the strong electron withdrawing effect of the carbonyl group and
resonance stabilisation of the conjugate base.

O CO o
Il Il I

— Bt | SC ey — OSNE —
\V

H B
(i) Aldol condensation: Aldehydes and ketones having at least one
o-hydrogen undergo a reaction in the presence of dilute alkali
as catalyst to form PB-hydroxy aldehydes (aldol) or B-hydroxy
ketones (keiol), respectively. This is known as Aldol reaction.

dil. NaOH A
2 CH-CHO CH,-CH-CH,-CHO —H._,_U} CH,-CH=CH-CHO
Ethanal (I}[ i Bui-Z-enal
3-Hydroxybutanal {Aldol condensalion
(Aldol) product}
CH, CH,
: BalOH), _ A |
2CH,-CO-CH, CHG—?—CHECL} -CH, —I—I,_U’ CH_-C=CH-CO-CH,
ETopanoe OH 4-Methylpent-3-en-2-one
(Ketal) {Aldol condensation
4-Hydroxy-4-methylpentan-2-one product)

The name aldol is derived from the names of the two
functional groups. aldehyde and alcohol. present in the products.
The aldol and ketol readily lose water to give o,ff-unsaturated
carbonyl compounds which are aldol condensation preducts
and the reaction is called Aldel condensation. Though kelones
give kelols ([compounds confaining a keto and alcohol groups),
the general name aldol condensation still applies to the reactions
of ketones due to their similarity with aldehydes.
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() Cross aldol condensation: When aldol condensation is carried
out hetween two different aldehydes and / or ketones, it is called
cross aldol condensation. If both of them contain a-hydregen
atoms, il gives a mixiure ol four producis. This is illustrated
below by aldel reaction of a mixture of ethanal and propanal.

CH,CHO 1. NaOIl CH,-CH=CH-CHO + CH,CH,-CH=C-CHO
- 2. A But-2-enal éﬂ
CH,CH,CHO 3
from two molecules of ethanal  2-Methylpent-2-enal
[rom two molecules
\ ol propanal
simple or self aldol products
+
DHS-CI-I:(F"CHD + CHCH-CH=CHCHO
CH,
2-Methylbut-2-enal Pent-2-enal

from one molecule of ethanal and one molecule of propanal
"lllh“-- _.#plll"'

cross aldol products

Ketones can also be used as one component in the cross aldol
reactions.

3]

Ii

CHO C-CH, —S2H =CH-C
)

1, 3-Iviphenylprop-2-en-1-omne
(Benzalacetophenone)
{Major product)

5. Other reactions

(d Cannizzaro reactior: Aldehydes which do not have an
c-hydrogen atom, undergo sell oxidation and reduction
[disproportionation) reaction on heating with concenirated alkali.
In this reaction, one molecule of the aldehyde is reduced lo
alcohol while another is oxidised to carboxylic acid salt.

H

H H o
A I
>Ef=¢.} + \C=D + Conc. KOH ——— H—C—0H + H—C
H 'l P|I Nok
Formaldehyde Methanol Potassium formate
2 O—CHD + Conc. NaOH —Ly @—CﬂzﬂH + @—CDDN&
Benzaldehyde Benzvl 2lcchal Sodium benzoaie
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(i) Electrophilic substitution reaction: Aromaltic aldehydes and kelones
underdo electrophilic substifution at the ring in which the carbonyl
group acis as a deactivaling and meta-directing group.

O,N

; HNOD, /TS50, :
@—CIID RISl CHO

Benzaldehyde m-Nitrobenzaldehyde

lntext (Juestions

8.4 Arrange the following compounds in increasing order of their reactlvity in
nucleophilic addition reactions.

[l Ethanal, Propanal, Propanone, Butanone.
(i} Benzaldehyde, p-Tolualdehyde, p-Nitrobenzaldehyde, Acelophenone.
Hini: Consider steric effect and electronic effect.

8.5 Predict the products of the following reactions:

0
@ O’q— HO—NH, —»

O,N

(il o
+ NH,—NH NO;——

I
il R-CH=CH-CHO + NH,-C-NH-NH,—»

(iv] H
s, cnomnm, s

8.5 Lises ﬂf: In chemical indusiry aldehydes and kelones are used as solvents,
Al dehydes starting materials and reagents for the synthesis of other products.

and  Ketones Formaldehvde is well known as formalin (40%) solution used to preserve

biological specimens and to prepare bakelite {a phenol-formaldehyde
resin), urea-formaldehyde glues and other polymeric products.
Acetaldehyde is used primarily as a starting material in the manufacture
of acetic acid, ethyl acetate, vinyl acetate, polymers and drugs.
Benzaldehyde is used in perfumery and in dye industries. Acetone and
ethyl methyl ketone are common industrial solvents. Many aldehydes
and ketones, e.g., butyraldehyde, vanillin, acetophenone, camphor. etc.
are well known for their odours and flavours.

243 Aldehydes. Ketones and Carboxylic Acids



Carboxylic Acids

Carbon compounds containing a carboxyl functional group, -COOH arc
called carboxylic acids. The carboxyl group, consists of a carbonyl group
attached to a hydroxyl group, henee its name carboxyl. Carboxylic acids
may be aliphatic (RCOOH) or aromatic (ArCOOH) depending on the group,
alkyl or aryl, altached lo carboxylic carbon. Large number ol carboxylic
acids are found in nature. Some higher members ol aliphatic carboxylic
acids (C;— Cg) known as fatty acids, occur in natural [ats as esters of
glycerol, Carboxylic acids serve as starting material for several other
important organic compounds such as anhydrides, esters, acid chlorides,
amides, elc.

8.0 Viowenclature and Structure of Cavboxyl Group

B.6.1
Nomenclature

Since carboxylic acids are amongst the earliest organic compounds to
be isolated from nature, a large number of them are known by their
common names. The common names end with the suffix —ic acid and
have been derived from Latin or Greek names of their natural sources.
For example, formic acid (HCOOH) was first obtained from red anis
(Latin: formica means ant), acetic acid (CH,COOH) from vinegar (Latin:
aceturn, means vinegar), bulyric acid (CH,CH,CH,COOH) lrom rancid
butter (Latin: butyrum, means butier).

In the IUPAC system, aliphatic carboxylic acids are named by
replacing the ending —e in the name of the corresponding alkane with
—oic acid. In numbering the carbon chain, the carboxylic carbon is
numbered one. For naming compounds conlaining more than one
carboxyl group, the alkyl chain leaving carboxyl groups is numbered
and the number of carboxyl groups is indicated by adding the
multiplicative prefix, dicarboxylic acid, tricarboxylic acid, ete, to the name
of parent alkyl chain. The position of -COOH groups are indicated by the
arabic numeral before the multiplicative prefix. Some of the carboxylic
acids along with (heir common and ITUPAC names are listed in Table 8.3.

Table 8.3 Names and Structures of Some Carboxylic Acids

Structure

HCOOH
CH,COOH

Common name
Formic acid
Acelic acid

IOPAC name

Methaneic acid
Ethanoic acid

CH,CH,COOH
CH,CH,CH,COO0H
(CH,),CHCOOH
HOOC-COOH

HOOC -CH,-COOH
HOOC -(CH,),-COOH
HOOC -[CH,),-COOH
HOOC -(CH,),-COOM

HOOC -CH,-CH[COOH)-CH,-COOH
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Propionic acid
Butyric actd
Isobulyric acid
Oxalic acid
Malonic acid
Succinic acid
Glutaric acid
Adipic acid

Tricarballylic acid
or carballylic acid

Propanocic acid
Butanocic acid
2-Methylpropanoic acid
Ethanedicic acid
Propanedioic acid
Bulanedioic acid
Pentanedicic acid
Hexanedioic acid

Propane-1; 2, 3-
tricarboxylle acikd




@—CDD[I Benzoic acid Benzenecarboxylic acid
(Benzoic acid]

CH,COOH

©/ Phenylacetic acld 2-Phenylethanolc acid
COOH

@ Phihalic acid Benzene-1, 2-dicarboxylic
COOH acid

8.6.2 Structure In carboxylic acids, the bonds to the carboxyl carbon lie in one plane
of Carboxyl and are separated by about 120°. The carboxylic carbon is less

Group electrophilic than carbonyl carbon because of the possible resonance
structure shown below:
(;G ,0 20
=i A —+ — —
No—# Vo—n ‘%&5—11

[ntext (Juestion
8.6 Give the IUPAC names of the following compounds:

il PhCH,CH,COOH (i) (CH),C=CHCOOH
NO,
CH COOH
(iif) QOr1 (iv)
O,N NO,

8.7 Wethods of  Some important methods of preparation of carboxylic aclds are as follows.

p!'l.’p'ﬂ ration 1. From primary alcohols and aldehydes

0 Jlr @arboxyf i Primary alcohols are readily oxidised to carboxylic acids with conunion

Sfleids oxidising agenls such as potassium permanganate (KMnO,) in
neulral, acidic or alkaline media or by potassium dichromate [K;Cra0;)
and chromium trioxide (CrQ;) in acidic media (Jones reagent).

1. alkaline EMnO,

RCH_OH > RCOOT
2. HO
Cro,-H.80,
CH,{CH.),CH,OH Jor—s reage:lt CH.(CH,),COOH
1-Decanaol Decanole acld
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Carboxylic acids are also prepared from aldehydes by the use of
mild oxidising agents (Section 8.4).

. From alkylbenzenes

Aromatic carboxylic acids can be prepared by vigorous oxidation of
alkyl benzenes with chromic acid or acidic or alkaline potassium
permanganate. The entire side chain is oxidised to the carboxyl group
irrespective ol length of the side chain. Primary and secondary alkyl
groups are axidised in this manner while tertiary group is not affected.
Suitably substituted allkenes are also oxidised to carboxylic acids
with these oxidising reagents.

CH, COOK COOH
@/ EMnO,-KOoH g H,0" @/
> —
Heat

Benzote acld

CH,CH,CH, COOK + COON
@’ KMnO, KOH _ 1,0 G/
rand OB
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Benzoic acid

3. From nitriles and amides

Nitriles are hydrolysed to amides and then to acids in the presence of

H' or OH as calalyst, Mild reaclion condilions are used to stop the
reaction at the amide stage.
O

1l or 6H Il i or 6H
R-CN —»R—C—NH, RCOOH
H,O A

+
CH,CONH, —225 CH,COOH + NH,

Ethanamide A Ethanoic acid
CONH, + COoH
HO
__;.‘& + NH,
Benzamide Bengoic acid

. From Grignard reagents

Grignard reagenls reacl wilh carbon dioxide (dry ice) to form salts of
carboxylic acids which in tum give corresponding carboxylic acids
after acidification with mineral acid.

0
_ Y :
R-MgX + 0=C=02Xeheryp ¢ HOy reoon
NoMex

As we know, the Grignard reagenis and nitriles can be prepared
from alkyl halides [refer Unit 6. Class XII). The above methods



Write chemical reactions to affect the following transformations: Exmi:-m.'e 8.5
(il Butan-1-ol Lo butlanoic acid

(ii} Benzylalcohol to phenylethanoic acid

([iif} 3-Nirobromobenzene to 3-nitrobenzoic acid

livl 4-Methylacetophenone to benzene-1,4-dicarboxylic acid

(v) Cyclohexene to hexane-1.6-dioic acid

(vi} Bulanal to bulaneic acid.

(3 and 4) are useful for converting alkyl halides into corresponding
carboxylic acids having one carbon atom more than that present in
allyl halides (ascending the series).

. From acyl halides and anhydrides
Acid chlorides when hydrolysed with water give carboxylic acids or more
readily hydrolysed with agqueous base to give carboxylale ions which on
acidification provide corresponding carboxylic acids. Anhydrides on the
other hand are hydrolysed to corresponding acid(s) with water.

— O S recoon + @

RCOCI ~
- - HO"
| OH/MLO | peoo + @1 =2 wrcoon
(CH.C0),0 —22 5 5 C.H,cO0H
Benzeic anhydride EBenzoie acid

L HO = o
C.H.COOCOCH,; =iy CH,COOH + CH,COOH
Benzoic ethanoic Benzaoic acid Ethanoic acid

anhydride

. From esters
Acidic hydrolysis of esters gives directly carboxylic acids while basic
hydrelysis gives carboxylates, which on acidification give
corresponding carboxylic acids.

coocH; .. .. COOH

Eithyl benzoate Benzoic acid
i NaOH s
CH.CH,CH,COOC,ll, =——= CH,CH,CH,COONa + C,H. Ol
Ethyl butanoate 1HSD‘
CH,CH,CH,CO0OH

Butanoic acid
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Solution 6 CHCH,CH,CH,OH ——ok H":g”* — CH,CH,CH,COO1
Butan-1-ol Butanaic acid
) CH,CH,OH—2 5 ¢ H,CH,Br —t s ¢, H,CH,CN
Benzyl alcohol Benzyl bromide Benzyl cvanide
H,O'
C,H,CH,CO0H
Phenvlethanoic acid
0
0 o Qm 4
0 WS
ether [dry ice] N
bl ) T
O,N O,N .4
ke,
3-Nitrobromobenzene

; \OII

A-Nitrobenzoic acid

PU(‘E COOK 2001
B o g o g
RQOC noac

4-Methylacetophrnons Dipotlassium bensene- Benzene-1, 4-dicarboaylic
1, 4-dicarbaxylate awid
[Terephthalic acid)

EMno,-[L50, OO
Heat OO0H

Cyclohexene Hexane-1, G-diole actd [Adipie acid)

Armmoniacal ﬁgHD,
tdl CH,CH,CH,CHO Tollens t] -» CH,CH,CH,COOH
Butanal Butanoic acid

Tntext Cuestion
8.7 Show how each of the following compounds can be
converted to benzoic acid.
fi) Ethylbenzene lii)} Acetophenone
([iii] Bromobenzene [iv) Phenylethene (Styrene)




8.8 i l,,.;jm_l' Aliphatic carboxylic acids upto nine carbon atoms are colourless

@rupprlip . liquids at room temperature with unpleasant odours. The higher

acids are wax like solids and are practically odourless due
to their low volatility. Carboxylic acids are higher boiling

yD————-—---H—D\ liquids than aldehydes, ketones and even alcohols of

R i C — R comparable molecular masses. This is due to more extensive
association of carbozylic acid molecules through
intermolecular hydrogen bonding. The hydrogen bonds are

dimer not breken completely even in the vapour phase. In fact,

In vapour state or in most carboxylic acids exist as dimer in the vapour phase
aprolic solvernd or in the aprotic solvents.

Simple aliphatic carboxylic acids having upto four

(i H—0O carbon atoms are miscible in water due to the formation

\ % of hydrogen bonds with water, The solubility decreases

R""'C“"‘D—H JG_R with increasing number of carbon aloms., Higher

D/H 5 o carboxylic acids are practically insoluble in water due to

Ne=0wi1” '\H.,&-" the increased hydrophobic interaction of hydrocarbon

R part. Benzoic acid, the simplest aromatic carboxylic acid

Hydrogen bonding of is nearly insoluble in cold water. Carboxylic acids are

RCOOH with H;G also soluble in less polar organic solvents like benzene,

ether, alcohol, chloroform, etlc,

8.0 Ehemical Reactions The reaction of carboxylic acids are classified as follows:

8.9.1 Reactions Acidity
Involving Renclions with metals and alkalies

Clesvage of The carboxylic acids like alcohols evelve hydrogen with electropositive

O-H Bond metals and form salts with alkalies similar to phenols. However, unlike
phenols they react with weaker bases such as carbonates and
hydrogencarbonates (o evolve carbon dioxide. This reaction is used to
detect the presence of carboxyl group in an organic compound.

IR-COOI 4+ 2Na —»2R-COONa" + H,
Sodium carboxylate

R-COOH + NaOH—R-COONa' + H,0
R-COOH + NaHCQ, ——3R-COONa' + H,0 + CO,

Carboxylic acids dissocialte in waler to give resonance siabilised
carboxylate anions and hydronium ion.

/ 7, Rl _F

R—C + H0 HO" +|R—C +=R—C |=R—} -

\

OH o 8 0
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For the above reaction:

* - + -
[I.0] [RCOO) O] [RCOO)
_ K. = K., [H,0] = P01 BC00)
[HyO] [RCOOH] [RCOOH]

where K, is equilibrium constant and K, is the acid dissociation
cotwstant.

For convenience, the strength of an acid is generally indicated by
ils pK, value rather than its K, value.

pK, =- log K,

The pK, of hydrochloric acid is 7.0, where as pK,of trifluoroacetic
acid (the strongest carboxylic acid), benzole acid and acetic acid are
(.23, 4.19 and 4.76. respectively.

Smaller the pK,, the sironger the acid (the belter il is as a proton
donor). Strong acids have pK, values < 1, the acids with pK, values
between 1 and 5 are considered to be moderately strong acids, weak
acids have pK, values between 5 and 15, and extremely weak acids
have pK,values =15.

Carboxylic acids are weaker than mineral acids, bul they are stronger
acids than alcohols and many simple phenols [pK, is ~16 for ethanol
and 10 for phenol). In fact, carboxylic acids are amongst the most acidie
organic compounds you have studied so far. You already know why
phenols are more acidic than alcohols, The higher acidity ol carboxylic
acids as comnpared 1o phenols can be undersiood similarly. The conjugate
base of carboxylic acid, a carboxylate lon, is stabilised by two equivalent
resonance structures in which the negative charge is at the more
electronegative oxygen atom. The conjugate base of phenol, a phenoxide
ion, has non-equivalent resonance sttuctures in which the negative charge
is at the less electronegalive carbon atom. Therefore, resonance in
phenoxide lon is not as important as it is in carboxylate ion. Further, the
negative charge is delocalised over two electronegative oxygen atoms in
carboxylate ion whereas it is less effectively delocalised over one oxygen
atom and less electronegative carbon atoms in phenoxide ion (Unit 7,
Class XII). Thus, the carboxylate ion is more stabilised than phenoxide
lon, so carboxylic acids are more acidic than phenols,

Effect of subsiifuenlis on the acidily of carboxylic acids:
Substituents may affect the stability of the conjugate base and thus,
also affeet the acldity of the carboxylic aclds. Electron withdrawing
groups Increase the acidity of carboxylic acids by stabilising the
conjugate base through delocalisation of the megative charge by
inductive and/or resonance effects. Conversely, electron donating groups
decrease the acidity by destabilising the conjugale base.

f} )f‘:'}

N |

(] O
Eleclron withdrawing group (EWG) Electron donating group [EDG)
stabilises the carboxylate anion destabilises the carbozylate
and strengthens the acid anton and weakens the acid



85.9.2 Reactions
Involving
Cleavage of
C-0H Bond

The elfect of the lollowing groups in increasing acidily order is
Ph<l<Br<Cl<F<CN=< NO, < CFs

Thus, the following acids are artanged in order of increasing acidity

[based on pK, values):
CF;COOH > CCl;COOH = CHCL,COOH > NO,CH,COOH > NC-CH,COOH =

-

FCH;COOQH = CICILCOOIH = BrCH,COOH = HCOOH = CICH,CHLCOOH =

[continue) <

CH,COOH > CH,CH,COOH > CH,COOH > CH,CH,COOH
(conlinue ) «

Direct attachment of groups such as phenyl or vinyl Lo the carboxylic

acid, increases the acidity of corresponding carboxylic acid, conirary Lo
the decrease expected due to resonance effect shown below:

% &

+
H,C £ ox/ \ — ¥ C\
H gy H OH

This is because of greater electronegativity of sp® hybridised carbon

to which carboxyl carbon is attached. The presence of electron
withdrawing group on the phenyl of aromatic carboxylic acid increases
their acidity while electron donating groups decrease their acidity.

COOH COOI COOH

OCH, NO,
4-Merhomy Benzoic acid 4'1_*1111'013'211201:‘.'
benzoic acid acid

(pK, = 4.46) pK, = 4.19) (PE, = 3.41)

. Formation of anhydride

Carboxylic acids on heating with mineral acids such as H,SO, or with
P05 give corresponding anhydride.

) (] 00
/ W . 4 N
HCO—C,  + fcH, ﬁrcﬂg- C C-0H
OH HO
Ethanoic acid Ethanoic anhydride
. Esterification

Carboxylic acids are esterificd with aleohols or phenols in the presence
of a mineral acid such as concentrated 1,50, or HCl gas as a catalyst.

RCOOH + ROH RCOOR' + HO
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Mechanism of esterification of carboxylic acids: The esterification of carboxylic
acids with aleohols is a kind of nucleophilic acyl substitution. Protonation of the
carbonyl oxygen activales the carbonyl group towards nucleophilic addition of he
alcohol. Proton transfer in the tetrahedral intermediate converts the hydroxyl group
into ="0OH, group, which, being a better leaving group, is ellminated as neutral waier
moleculs. The protonated ester so formed Anally loses a proton to give the ester.

y i @‘Fy" e ot
— R-0OH '
R— {:: -~ B— {_\ R— "I‘ —O—R
e OH :OH 11
Carbaxylic acid Tetrahedral intermediate
Proton
tramsfer
0 OH :OH
i -H* o4 -HOH |
n— i_:;/ BE—( ‘:f — RS(IH_ O—R'
O-R oO-R c;:CEII-I
Ester Protonaled ester H

3.

Reactions with PCL;, PCl, and SOCI,

The hydroxyl group of carboxylic acids, behaves like that of alcohols
and is easily replaced by chlorine atom on treating with PCl,, PCl, or
S0CI;. Thionyl chloride (SOCI,) is preferred because the other two
products are gascous and cscape the reaction mixture making the
purification of the products easier,

RCOOH + PCIl, —s RCOC] <+ PDCI:‘ + HC1
SRCOOH + PClL, — 3RCOCI + HPO,
RCOOH + SOCL, — RCOCI + SO, + HCI

. Reaction with ammonia

Carboxylic acids react with ammonia to give ammonium salt which
on further heating at high temperature give amides, For example:

: . e A o
CH,CO0H + NH, =—= CH,COONH, —— CH,CONH,

Chemisiry 252

Ammonium acetate Acelamide
) — %
COOH COONH, CONH,
A
O e %0
-H.O
Ammonium henzoate Benzamide



8.9.3 Reactions
Involving
-COOH
Group

£.9.4 Substitution
Reactions in the
Hydrocarbon Part

— =
COOH COONH,
A
Q D @( A,
—2H,0

CONH,

- =+
COOH COONH,
Ammonitum phthalate

CONH,
Phthalamide

]
Phthalirmide

. Reduction

Carboxylic acids are reduced to primary alcohols by lithium
aluminium hydride or better with diborane. Diborane does nol easily
reduce functional groups such as ester, nilro, halo, ete. Sodium
borohydride does not reduce the carboxyl group.

[l LiAld, fether or BJH,
(1) H,0"

R-COOH

* R-CH,0OH

. Decarboxylation

Carboxylic acids lose carbon dioxide to form hydrocarbons when their
sodium salts are lieated with sodalime (NaOH and CaQ in the ratio of
3 : 1). The reaction is known as decarboxylation.

NaOH & Cal
Heat
Alkali metal salts of carboxylic acids also undergo decarboxylation
on electrolysis of their aqueous solutions and form hydrocarbons having

twice the number of carbon atoms present in the alkyl group of the acid.
The reaction i= known as Kolbe electrolysis (Unit 9, Class XIJ.

R-COONa

*+ R-H + Na,CO,

. Halogenation

Carboxylic acids having an o-hydrogen are halogenated at the
o-position on treatmenl with chlorine or bromine in the presence of
small amount ol red phosphorus to give e-halocarboxylic acids. The
reaction is known as Hell-Volhard-Zelinsky reaction.

[i) X,/Red phosphorus

R-CH,-COOH — » R-CH-COOH
fif) H,0

X
X=Cl Br

¢ — Halocarboxylic acid
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2, Ring substitution

Aromatic carboxylic acids undergo clectrophilic substitution reactions
in which the carboxyl group acts as a deactivating and meta-directing
group. They however, do not undergo Friedel-Crafts reaction
(because the carboxyl group is deactivating and the catalyst
aluminium chloride (Lewis acid) gets bonded to the carboxyl group).

COOH COOM COOH COOH

Cone. HNO, + @ @ Br,/FeBr,
Conc. H,50, NO, " Br

m-Bromobenzole actd

m-Nitrobenzoic acid

Intext (Juestion

8.8  Which acid of each pair shown here would you expect to be stronger?
{f) CH,CO,H or CHFCO,H (i) CH,FCO,H or CH,CICC_I1
fiif) CH,FCH CH,CO,H or CH,CHFCH,CO,H

M F,C —O— COOH or H,C —@— CoOOH

8.10 Uses ollr Methaneic acid is used in rubber, textile, dyeing, leather and clectroplating
@urbuxy!ic industries. Ethancic acid is used as solvent and as vinegar in food industry.
Hexanedioic acid is used in the manufachire of nylon-6, 6. Esters of benzoic

Sleids acid are used in perfumery. Sodium benzoate is used as a food preservative.
Higher [alty acids are used for the mamafacture of soaps and delergents.

Summary

Aldehydes, ketones and carboxzylic acids are some of the important classes of
organic compounds coniaining carbonyl group, These are highly polar molecules.
Therefore, they boil at higher temperatures than the hydrocarbons and weakly
polar compounds such as ethers of comparable molecular masses, The lower
members are miore zoluble in water because they form hydrogen bonds with water.
The higher members, because of large size of hydrophobic chain of carbon atoms,
are insoluble in water but soluble in common organic solvents. Aldehydes are
prepared by dehydrogenation or controlled oxidation of primary alcohols and
conirolled or selective reduction of acyl halides. Avomalic aldehydes may also be
prepared by oxidadon of {i) methylbenzene with chromyl chloride or CrQ; in the
presence of acetic anhydride, (i) formylation of arenes with carbon monoxide and
hydrochloric acid in the presence of anhydrous aluminium chloride, and (i) cuprous
chleride or by hydrolysis of benzal chloride. Ketones are prepared by oxidation of
secondary alcohols and hydration of allymes, Kelanes are also prepared by reaction
of acyl chloride with dialkylcadminm. A good method for the preparation of aromaiic
ketones is the Friedel-Crafts acylation of aromatic hydrocarbons with acyl chlorides
or anhydrides. Both aldehydes and ketones can be prepared by ozonclysis of alkenes.
Aldehydes and ketones undergo nucleophilic addition reactions onto the carbomnyl
group with a mumber of nucleophiles such as. HCN, NaHS0s;, alechels (or diols),
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ammondia derfvatives, and Grignard reagents. The c-hydrogens in aldehydes and
ketones are acidie. Therefore, aldehydes and ketones having at least one c-hydrogen,
undergo Aldel condensation in the presence of a base to give c-hydroxyaldehydes
[aldol) and o-hydroxykeiones(keiol), respectively, Aldehydes having no o-hydrogen
undergo Cannizzaro reaction in the presence of concenirated alkali. Aldehydes
and ketones are reduced lo alcohols with NaBH,, LislH,, or by calalytic hydrogenation,
The carbonyl group of aldeliydes and ketones can be reduced to a methylene group
by Clemimensen reduction or Wolff-Kishner reduction. Aldehydes are easily
oxidised to carboxylic actds by mild oxidising reagents such as Tollens' reagent and
Fehling's reagent, These oxidation reaclions are used to distinguish aldehydes lrom
ketones. Carboxylic aclds are prepared by the oxidation of primary alcohols, aldehydes
and alleenes by hydrolysis of nilriles, and by trealmenl of Grignard reagenls wilh
carbon dioxide, Aromatic carboxylic acids are also prepared by side-chain oxidation
of alkylbenzenes., Carboxylic acids are considerably more acidic lhan aleohols and
most of simple phenols, Carboxylic acids are reduced to primary aleohols with LiATH,,
or better with diborane in ether solulion and also undergo co-halogenation with CL
and Br, in the presence of red phosphorus (Hell-Volhard Zelinsky reaction),
Methanal, ethanal, propanone, benzaldehyde, formic acid, acetic acid and benzoic
acid are highly uselul compounds in industry.

C‘I ¥
CXETCISES
8.1 What iz meant by the following ferms 7 Give an example of the reaction in
each case,
(il Cyanchydrin [ii) Acetal (iii) Semicarbazone
fiv) Aldel (v} Hemiacetal (il Oxime
(vid) Ketal (wii) lmine (ix] 2,4-DNP-derivative

(x) Schiif's base
8.2 Name the following compounds according to IUFAC system of nomenclature:

(1} CH,CH[CILJCH,CII1,CIIO (i) CH.CH.COCIHIC,H.CIL,CH,C1
[iii) CHyCH=CHCHO [iv] CHyCOCHZCOCH,
(v) CHZCH[CH4CH,C{CH,},COCH, [vi) (CH.,CCH,COOH

fvii) OHCC H,CHO-p
8.3 Draw the structures of the following compounds.

fil 3-Methylbutanal [ii) p-Nitropropiophenone
[ili) p-Methylbenzaldehyde [ivl 4-Methylpeni-3-en-2-one
(v} 4-Chloropentan-2-one [vi] 3-Bromo-4-phenylpentanocic acid

(wii} p.p'-Dihydroxybenzophenone (viiil) Hex-2-en-4d-yoole acid
8.4 Write the IDPAC names of the following kelones and aldehydes. Wherever
possible, give also common names.
[{) CH,CO[CIL],CH, [if) CI,CH,CHBrCIH.CHICII)CHO
(iii) CHR{CHsCHO fivl Ph-CH=CH-CHO

CHO
(v O/ [vi] PhCOFh

8.5 Draw sttuctures of the following derivatives.
(i) The 2Z,4-dinitrophenylhydrazone of benzaldehyde
(i} Cyclopropanone oxime
(i) Acetaldehydedimethylacetal
[{iv) The semicarbazone of cyclobulanone
(v] The ethylene ketal of hexan-3-one
[vi) The methyl hemiacetal of formaldehyde
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8.6 FPredict the products formed when cyclohexanecarbaldehyde reacts with
following reagenis.
{il PhMgBr and then Hgl.‘]* (ii} Tollens® rcagent
(iii) Semicarbazide and weak acid (iv] Excess ethanol and acid
vl Zinc amalgam and dilute hydrochlorie acid

8.7 Which of the following compounds would undergo aldol condensation, which
the Canmizgars reaclion and which neither? Write the structures of the expected
productls of aldol condensalion and Cannizzaro reaclion.

(il Methanal (i) 2-Methylpentanal (i) Benzaldehyde
(iv] Benzophenone (vl Cyeclohexanone (vi} 1-Phenylpropanone
{vii)] Phenylacetaldehyde (viii) Butan-1-ol fix) 2.2-Dimethylbutanal
B.8 How will you convert ethanal into the following compounds?
{i} Butane-1,3-diol {ii) But-2-enal {iii} But-2-enocic acid

8.8 Write structural formulas and names of four possible aldol condensation
products [rom propanal and butanal. In each case, indicate which aldehyde
acls as nucleophile and which as eleclrophile.
8.10 An organie compound with the molecular formula CoH O forms 2 4-DNF derivalive,
reduces Tollens' reagenl and undergoes Carmizzaro reaction. On vigorous oxidalion,
il gives 1.2-benzenedicarboxylic acid, Idenbify (he compound.
8.11 An organic compound [A] [molecular formula CgH 405 was hydrolysed with
dilute sulphuric acid to give a carboxylic acid (B) and an aleohol (C). Oxidation
of [C) with chromic acid produced (B). (C) on dehydration gives bui-1-ene.
Write equations for the reactions involved.
8.12 Arrange the following compounds in inereasing order of thelr property as indicated:
i) Acelaldchyde, Acelone, Di-teri-butyl kelone, Methyl feri-butyl kelone
(reactivity lowards HCN)

(i) CHyCH;CH[Br)COOH, CH,CH(Br)CH,CO0H, [CH4),CHCOOH,
CH,CH,CH,COOH (acid strength)

liti] Benzoic acid, 4-Nitrobenzoic acid, 3.4-Dinitrobenzoic acid,
4-Methoxyhenzoic acid (acid sirength)

8.13 Give simple chemical tests to distingulsh between the following pairs of compounds,
{i} Propanal and Propanone {if) Acetophenone and Benzophenone
(iii) Phenol and Benzolc acid (iv) Benzoic acid and Ethyl benzoate
{v) Pentan-2-one and Pentan-3-one (vi| Benzaldehyde and Acetophenone
(vii] Ethanal and Propanal

8.14 How will you prepare the following compounds Fom benzene? You may use
any inorganic reagent and any organic reageni having not more than  one
carbon atom.

{1} Methyl benzoate ({ii) r-Nitrobenzoic acid
{iii) p-WNilrobenzoic acid (iv] Phenylacelic acid
(vl p-Nitrobenzaldehyde
8.15 How will you bring about the following conversions in not more than iwo steps?

fi] Propanome Lo Propenc (ii] Benzsaic acid (o Bmaldchydc
{iii} Ethanol to 3-Hydroxybutanal (lv] Benzene to m-Nitroacetophenone
(v] Benzaldehyde to Benzophenone (vi] Bromobenzene to 1-FPhenylethanol

{vii) Benzaldehyde to 3-Phenyipropan-1-ol
(vill) Benazaldehyde to o-Hydroxyphenylacetic acid
lix] Benzoic acid to m- Nittobenzyl alcohol

8.16 Describe the following:
{i] Acetylation (il) Cannizzaro reaction
{iii)] Cress aldol condensation (iv] Decarboxylation
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8.17 Complete each synlhesis by Eiving missing starting material, reagenl or products
CH,CH, COOH
fi) O ey i) — S08k o
KOIL, heat coop  beat
i
HNCONHNH, ¢
% CHO
[AgNIL)) NaCN / HCI
RO T S
CHO CooH

(i) NaBI,
(vitfy CH,COCH,COOC,H,

i) CH.CHO dil. HaOH i) HY

+
CH,CH,CHO

(L] Q—oﬂﬂ—.» (x] Q:GH, N QCH@
() _*[ﬂ 0 2 0
fii) Zn-H,0

8.18 Give plausible explanation for each of the following:
i} Cyclohexanone forms cyanohydrin in good yield but 2,2,6-trimethylcyclo-
hexanone does not.
[ii} There are two —NH, groups in semicarbazide. However, only one is involved
in the forrnaidon of semicarbazones.
({{il) During the preparation of esters from a carboxylic acid and an alcohol in

the presence of an acid catalyst, the waler or the ester should be removed
as spon as il is formed.

8.19 An organic compound contains 69.77% carbon. 11.63% hydrogen and rest oxygen.
The moelecular mass of the compound is B6. It does not reduce Tollens' reagent
but forms an addition compound with sodinm hydrogensulphite and give posltive
iodolorm test. On vigorous oxidation it gives ethanoic and propancic acid. Write
the possible structore of Lthe compound.

B8.20 Although phenoxide ion has more pnumber of resonating structures than
carboxylate lon, carboxylic acld is a stronger acld than phenol. Why?

Answers to Some Intext Questions

8.1 CH,O O
Y| o
() H.c-CH-C-H (iv] CH.-C-CH,~CH,-CHO
OH 0
| I Eﬂji'r?*"
(i) H,C-CH-CH~C-11 {v) CH,CH,CH-C-CH-CILCI,
CHO i
(i) Q_ i) F—Q— (uJ-CH,
OH
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HO

0 i
g**c,H CH,-C-CH, ﬁ
5 i ijl by
@ O MO’ "y e, ™

8.3 CH,CH,CH, < CH,OCH, < CH,CHO < CH.CH,0H

B.4 (i) Butancne < Propanone < Propanal < Ethanal
(i} Acetophenone < p-Tolualdehyde . Benzaldehyde < p-Nitrobenzaldehyde.

0, I
— NNH'@'N'Oz
8.5 i) (ii)

NO,

H,C,
'I:I) NC=N-CH,CH,
(i) R-CH=CH-CH=N-WH-C-NH, (iv) O,
8.6 (i) 3-Phenylpropanoic acid fii) 3-Methylbul-2-enoic acid
(iii) 2-Methyleyclopentanecarboxylic acid.  (iv) 2.4,6-Trinitrobenzoic acid
8.7 CH,CH, COOK COOH
KMnO,-KOH H,0°

COCH, COOK COOH

EMnO,-ROH H,O'
0 O mmm
Br
(i) O’ Of 0= C—D @’ OMgBr HOH

COOK

(iv) O’EH'DH’ KMnoO,~-KOH G + HCOOK
_—

H.O
e

‘00H

g.g il CH,FCOOH (i) CH,FCOOH (ii} CH,CHFCH,COOH liv) F,C—O—C(}C}H
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After studying this Unit, you will be
able to

describe amines as derivatives of
ammonia having a pyramidal
sirueture;

classify amines as primary,
secondary and teriiary;

name amines by common names
and IUPAC system;

describe some of the important
methods of preparation of amines;
explain the properdes of amines;
distinguish belween primary,
secondary and tertiary amines;
describe the meihod of prepara-
tHon of diazonium salts and their
importance in the synthesis of a
geries of aromalic compounds

including azo dyes.

Q. Structure of flmines

Amines

“The chigf commercial use of amines (s as nlemmediates i the
synthesis af medicines and flbres™ .

Amines constilute an important class of organic
compounds derived by replacing one or more hydrogen
atoms of ammonia molecule by alkyl/aryl group(s). In
nature, they occur among protelns, vitamins, alkaloids
and hormones. Synthetic examples include polymers,
dye stuffs and drugs. Two biologically active
compounds, namely adrenaline and ephedrine, both
containing secondary amino group, are used to increase
blood pressure. Novocain, a synthetic amino compound,
is used as an anaesthetic in dentistry. Benadryl, a well
known antihistaminic drug also contains tertiary amino
group. Qualernary ammonium salls are used as
surfactants. Diazonium salts are Intermediates in the
preparation of a variety of aromatic compounds
including dyes. In this Unit, you will learn about amines
and diazonium salts.

1. AMINES
Amines can be considered as derivatives of ammonia.
obtained by replacement of one, two or all the three
hydrogen atoms by alkyl and/or aryl groups.

For example:

CH
-~ 3
CH,-NH,, C,H.-NH,, CH,-NH-CH,, CH,-N e

Like ammonia, nitrogen atom of amines is trivalent and
carries an unshared pair of electrons. Nitrogen orbitals
in amines are therefore, sp® hybridised and the geometry
of amines is pyramidal. Each of the three sp® hybridised
orbitals of nitrogen overlap with orbitals of hydrogen or
carbon depending upon the composition of the amines,
The fourth orbital of nitrogen in all amines contains an
unshared pair of electrons. Due to the presence of
unshared pair of electrons, the angle C-N-E, (where E is



0.2 Classification

0.3 VMomenclature
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C or ) Is less than 109.5% for instance, it 1= 108" In case of
trimethylamine as shown in Fig, 9.1.

unshared

/ eleciron
pair

Fig. 9.1 Pyramidal shape of trimethylamine

Amines are classified as primary (1), secondary (2°) and tertary (37
depending upon the number of hydrogen atoms replaced by alkyl or
arvl groups in ammonia molecule. I one hydrogen atom ol ammonia
is replaced by R or Ar , we get RNIIE or ﬁrNIIE, a primary amine (17].
If two hydrogen atoms of ammonia or one hydrogen atom of R-NH, are
replaced by anolher alkyl/aryl(R) group, whal would you gel? You
gel R-NHR', secondary amine. The second alkyl/aryl group may be
same or different. Replacement of another hydrogen atom by alkyl/aryl
group leads to the formation of tertiary amine. Amines are said o be
‘simple’ when all the alkyl or aryl groups are the same, and ‘mixed’
when they are different.

R . 4
NH,—» RNH,—» N—H —» N—R"
R'/ R‘f

Primary(19)  Secondary(2’)  Tertiary(3%)

In commeon system, an allphatic amine is named by prefixing allkyl
group to amine, i.e., alkylamine as one word (e.g.. methylamine). In
secondary and tertiary amines, when two or more groups are the same,
the prefix di or tri is appended before the name of alkyl group. In
[UPAC system, primary amines are named as alkanamines. The name
is derived by replacement of ‘e’ of alkane by the word amine. For
example, CH,NH, is named as methanamine. In case, more than one
amino group is present at different positions in the parent chain, their
positlons are specified by giving numbers to the carbon atoms bearing
-NH, groups and suitable prefix such as di, tri, etc. is attached to the
amine. The letter ‘e’ of the suffix of the hydrocarbon part is retained. For
example, H,N-CH,~CH -NH, is named as ethane- 1, 2-diamine.

To name secondary and lertiary amines, we use locant N to designale
substituent attached to a nitrogen atom. For example, CH, NHCH,CH_ is



named as N-methylethanamine and (CH,CH,).N is named as N. N-
diethylethanamine. More examples are given In Table 9.1.

In arylamines, -NH, group is directly attached to the benzene ring.
C_H_NH, is the simplest example of arylamine. In common system. it
is kmown as aniline, It is also an accepted [UPAC name, While naming
aryvlamines according to IUPAC system, sulffix e’ of arene is replaced by
‘amine’. Thus in IUPAC system, C_H_-
Commeon and IUPAC names of some alkylamines and arylamines are
given in Table 9.1.

is nmamed as benzenamine.

Table 9.1: Nomenclature of Some Alkylamines and Arylamines

Amine
CI, ~CH_~NII,
CH,-CH,-CH,-NI,
CH,~CH=CH,
NI,
CIH,—N—CIL,—CI,
III
CH, —N—CH,
cx,

1 2 3 4
cg,Hs-':fl-cH, —-CH,=CH,=CH,
C,Hy

1 2 3
NI, =CH,=CH=CH,
NH, = (CH,}, =NH,
NH,

NI,

~
<
0

CH,

1

Common name
Ethylamine
n-Propylamine

Isopropylamine

Ethylmethylamine

Trimethylamine

N.N-Diethylbutylamine

Allylamine
Hexamelhylenediamine

Aniline

o-Toluidine

p-Bromoaniline

N.N-Dimethylaniline

IUPAC name
Ethanamine
Propan-1l-amine
Propan-2-amine

N-Methylethanamine

N.N-Dimethylmethanamine

N.N-Diethylbutan-1-amine

Prop-2-en-l-amine
Hexane-1,6-diamine

Aniline or Benzenamine

2-Methylaniline

4-Bromobenzenamine
ar
4-Bromoaniline

N, N-Dimethylbenzenamine
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ntext Questions
9.1 Classify the following amines as primary, secondary or tertary:
NH, N(CH,),

(1) [11]' (iii) {CIH‘E} ?C:H:NHQ [iv] {CBH‘.I}ENH

9.2 {i) Write structures of different isomeric amines corresponding (o the molecular
formula, C H N.
(i) Write IUPAC names of all the Isomers.
fiiil What type of isomerism is exhihited by different pairs of amines?

0.4 Vreparation Amines are prepared by the following methods:
r:-l]r Hmines 1. Reduction of nitro compounds

Nitro compounds are reduced lo amines by passing hydrogen gas
in the presence of finely divided nickel, palladium or platinum and
also by reduction with metals in acidic medium. Nitrealkanes can
also be similarly reduced to the corresponding allkanamines.

NO, NH,
_ I, /Pd
) O Ethanol
NO, NH
: Sn4HC :
] P
or Fe+HCl

Reduction with iron scrap and hydrochlorie acid is preferred because
FeCl, formed gets hydrolysed to release hydrochloric acid during the
reaction. Thus, only a small amount of hydrochloric acid is required
Lo initiate the reaction.

2. Ammonolysis of alkyl halides

You have read (Unit 6, Class XII) that the carbon - halogen bond in
alkyl or benzyl halides can be easily cleaved by a nucleophile. Hence,
an alkyl or benzyl halide on reaction with an ethanolic selution of
ammonia undergoes nucleophilic substitution reaction in which the
halogen atom is replaced by an amino (-NH,) group, This process of
cleavage of the C-X bond by ammonia molecule is known as
ammonolysis. The reaction is carried out in a scaled tube at 373 K.
The primary amine thus obtained behaves as a nucleophile and can
further react with alkyl halide to form secondary and tertiary amines,
and finally quaternary ammonium salt.

L] {} 4+ —
NH, + R=— —_— R-NHX
Mucleophile Subsiituted
ammonium salt
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rNH, 2 rvi By Ry B RNX
uaterna
(17 (27) (37 mﬁnuﬂmgalt

The [ree amine can be oblained [rom the ammonium salt by {realment
with a strong basc:

4 - ¥ -
R-NH.X + NaOH —% R-NIL + H,0 + NaX

Ammonolysis has the disadvantage of ylelding a mixture of primary,
secondary and tertiary amines and also a quaternary ammeonium salt,
However, primary amine is obtained as a major product by taking
large excess of ammonia.

The order of reactivity of halides with amines is RI > RBr =RCL

Write chemical equations for the following reactions: Cxample Q.1
(i) Reaction of ethanolic N'HE with CEHECL
(i} Ammonolysis of benzyl chloride and reaction of amine so formed
with two moles of CH,CI,

il Fl.e_-."gﬂ 1M
. I L I - i =
0 cu ct Sy o N —EEoh ¢, N-C,H, =221y C,H,-N-C,H, 2255 1), N Cl
I
G,

Chloreethane Ethanamine N-Ethylethanamine N N-Diethylethanamine Quaternagry
anmnorium Sal

MH 20H,C

(i) CHCH-Cl — C,H-CH,NH, ———-!CQII,—CLI,—;IQ—CH@
CH;
Benzylchloride Beneylamine N.M-Dimetlylphenylmethanamine

3. Reduction of nitriles

Nitriles on reduction with lithium aluminium hydride (LiAIH,) or
catalytic hydrogenation produce primary amines. This reaction is
used for ascent of amine series, i.e.. for preparation of amines
containing one carbon atom more than the starting amine.

e HL/Ni
R-C=N Nalfig/C.H.00 » R- CH-NH,
4. Reduction of amides
The amides on reduction with lithium aluminium hydride yield

amines.
{I?
. 5 fi) LiAlH,
ReC—NH, @ > R-CH,~ NH,
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5. Gabriel phthalimide synthesis
Gabriel synthesis is used for the preparation of primary amines.
Phihalimide on freatment with ethanolic potassium hydroxide forms
potassium salt of phihalimide which on heating with alkyl halide
followed by alkaline hydrolysis produces the corresponding primary
amine. Aromatic primary amines cannoi be prepared by this method
because aryl halides do not undergo nucleophilic substitution with
the anion formed by phthalimide.

8] Q) 0

I I il
C c =
. FKOH — BR-X T
- e e 4 g B - _~N-R
i i
8] £] O
Phthalimide MN-Alkylphthalimide
Q
Il H
CI"“"'-.. C {:}N "
qop NeOllg @ — 0N o,
C"‘f i_l— mes (17 amine)
] O
O

6. Hoffmann bromamide degradation reaction
Hoffmann developed a method for preparation of primary amines by
lreating an amide with bromine in an agqueous or ethanolic solution
of sodium hydroxide. In this degradation reaction, migration of an
alkyl or aryl group takes place from carbonyl carbon of the amide
to the nitrogen atom. The amine so formed contains one carbon less
than that present in the amide.
@]
il
R-C - NH, + Br, + 4NaOH — R - NU, + Na,CO, + 2NaBr + 2H,0

oy

Cxample 0.2 Write chemical equations for the following conversions:
il CH~CH,Clinto CH,~CH,~CH,-NH,
(i) C;H~CH,-Clinto C.H~CH,-CH,-NH,

Solution
@ CHCH,c| ZthznolicNaCN, o~ ooy IeducHon, -1y  oH,-CH,-NH,
Chloroethane Propanenitrile Propan-1-amine

@)  CHCH-c1 DhanaieNaCN, o~p o cen Sl cH-CH-CH-NH,

Chlorophenylmethane Phenylethanenitrile 2-Phenylethanamine
(Benzyl chloride] (Benwyl cyanide]

Chemistry 264



Write structures and [UPAC names of J;'rmmr,:!p 0.3
i) the amide which gives propanamine by Hoffmann bromamide

reaciion.

L)
o]

{ii) the amine produced by the Hoffmann degradation of benzamide.

= SIS -
c"' L L1

(e 1] gn

(i) Propanamine contains three carbons. Hence, the amide molecule must
contain four carbon atoms. Structure and IDPAC name of the starting

amide with four carben atoms are given below:
CH—CIH—CI I,—'{IJ—NI L5 Butanamide

(i) Benzamide is an aromatic amide conlaining seven carbon aloms.
Henee, the amine formed from benzamide is aromatic primary amine
containing six carbon atoms.

NH,
Aniline or benzenamine

0.5 UOhysical

Droperties

hn‘.uxt Qﬂ{’ﬁtfuﬂ

9.3 How will you convert
[ii Benzene into aniline {ii]l Benzene into N, N-dimethylaniline
(iid) CIH{CH_!};CI into hexan-1,6-diamine?

The lower aliphatic amines are gases with fishy odour. Primary amines
wilh three or more carbon aloms are liquid and still higher ones are
solid. Aniline and other arylamines are usually colourless but get
coloured on storage due to atmospheric oxidation.

Lower aliphatic amines are soluble in water because they can form
hydrogen bonds with water molecules. However, solubility decreases
with increase in molar mass ol amines due to increase in size of the
hydrophobic alkyl part. Higher amines are essentially insoluble in water.
Considering the electronegativity of nifrogen of amine and oxygen of
aleohol as 3.0 and 3.5 respectively, you can predict the pattern of
solubility of amines and alcohols in walter. Oul of butan-1-ol and
butan-1-amine, which will be more soluble in water and why? Amines
are soluble in organic solvents like alcohol. ether and benzene. You
may remember that alcohols are more polar than amines and form
stronger intermolecular hydrogen bonds than amines.

Primary and sccondary amines are engaged in intermolecular
assoclation due to hydrogen bonding between nitrogen of one and
hydrogen of another molecule. This intermolecular association is more
in primary amines than in secondary amines as there are two hydrogen
aloms available for hydrogen bond formation in it. Terliary amines do
nol have intermolecular association due lo the absence ol hydrogen
atom available for hydrogen bond formation. Thercfore, the order of
boiling points of isomeric amines is as follows:
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Table 9.2:

R A

Q.0 Chemical

Reactions
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Primary > Secondary > Tertiary
[ntermolecular hydrogen bonding in primary amines is shown in
Fjlg‘ gl-zl-

" R e
R=N=H I;l-l 1 Ii]_R
I—:l | [owmemsens 2
i

Fig. 9.2 Intermolecular hydrogen bonding in primary amines

Boiling points of amines. alcohols and alkanes of almost the same
molar mass are shown In Table 9.2,

Comparison of Boiling Points of Amines, Alcohols and
Alkanes of Similar Molecular Masses

Compound Molar mass b.p./K
n-C,H NH, 73 350.8
(C,HJ,NH 73 329.3
C_H,NICF,), 73 310.5
C,H,CH(CH,), 72 300.8
n-C,H,0H 74 390.3

Difference in electronegativity between nitrogen and hydrogen atomns and
the presence of unshared palr of electrons over the nitrogen atom makes
amines reactive. The number of hydrogen atoms attached to nitrogen
atom also decides the course of reaction of amines; that is why primary

(=NH,)}, secondary [ : N—H] and tertiary amines [: N—]diﬁerm many

reactions. Moreover, amines behave as nucleophiles due to the presence
of unshared electron pair. Some of the reactions of amines are described
below:

1. Basic character of amines
Amines, being basic in nalure, react with acids to [orm salls.

. + -
R—NH.+HX &—2R—NH, X (Salt)
NH, N.c

+ HC1 =

Aniline Antlintum chloride



Amine salts on treatment with a base llke NaOH, regenerate the
parent amine.

RNIL X + OH —» R¥IL,+ H,0+X

Amine salts are soluble in water but insoluble in organic solvents
like ether. This reaction is the basis for the separation ol amines from
the non basic organic compounds insoluble in waler.

The reaction of amines with mineral acids to form ammonium salis
shows that these are basic in nature. Amines have an unshared pair
of electrons on nitrogen atom due to which they behave as Lewis base.
Basic characier of amines can be belter understood in terms of their K
and pK, values as explained below:

+ -
R — NH, + H,O &7/ R — NH, + OH

" [R-fmJon]
R, J[5,0]

[R-1 nﬂ][mﬂ

I

or K[H,0]

 [R-NH,]
R-NH, |[0H]
S [ [R-[\‘-i]-lg]
PK, = -log K,

Larger the value of K, or smaller the value of pK,, stronger is the
base. The pK, values of few amines are given in Table 9.3.

pK, value of ammonia is 4.75. Aliphatic amines are stronger bases
lhan ammonia due to +I effect of alkyl groups leading to high electron
density on the nitrogen atom. Their pK_ values lie in the range of 3 to
4.22. On the other hand. aromatic amines are weaker bases than
ammonia due to the electron withdrawing nature of the aryl group.

Table 9.3: pK Values of Amines in Aqueous Phase

Name of amine pE,

Methanamine 3.38
N-Methylimmethanamine 3.27
N.N-Dimethylmethanamine 4.22
Ethanamine 3:29
N-Ethylethanamine 3.00
N.N-Diethylethanamine 3.25
Benzenamine 9.38
Phenylmethanamine 4.70
N-Methylaniline 9.30
N.N-Dimethylaniline 5.92

b, Amines
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You may find some discrepancies while trying to inlerprel the K,
values of amines on the basis of +I or -1 effect of the substituents
present in amines. Besides inductive effect, there are other effects like
solvation effect, steric hinderance. ele.. which affect the basic strength
of arnines. Just ponder over. You may gel the answer in the following
paragraphs.

Structure-basicity relationship of amines

Basicity of amines is related to their structure. Basic character of an
amine depends upon the ease of formation of the cation by accepting
a proton from the acid. The more stable the cation is relative to the
amine. more basic iz the amine.

{a) Alicanamines versus ammonia
Let us consider the reaction of an allkemamine and ammonia wiih
a proton to compare their basicity.

Hﬁ H

RN+ H =2 R=N'"-11
H H
H H
11—351: +H = I-I-I:G'—II
H H

Due to the electron releasing nature of alkyl group, it (R} pushes
clectrons towards nitrogen and thus makes the unshared electron
pair more avallable for sharing with the proton of the acid. Moreover,
the substituted ammeonium lon formed from the amine gets stabilised
due to dispersal of the positive charge by the +l effect of the alkyl
group. Hence. alkylamines are stronger bases than ammonia.
Thus, the basic nature of aliphatic amines should increase with
increase in the number of alkyl groups. This trend is followed in
the gaseous phase. The order of basicity of amines in the gaseous
phase follows the expected order: tertiary amine > secondary amine
> primary amine > NH,. The trend is not regular in the agqueous
state as evident by their pK_ values given in Table 9.3. In the
aqueous phase, the substituted ammonium cations get stabilised
not only by electron releasing effect of the alkyl group (+1) but also
by solvation with water molecules. The greater the size of the lon,
lesser will be the solvation and the less stabilised is the ion. The
order of stability of lons are as follows:

OH,

H R - OH R

| N1/ : +
R=N'=H=0H, > N N—H ~OH,

| A T R/

3| R H*OH, B

OH,

1: zu Bn

Decreasing order of extent of H-bonding in water and order of
stability of ions by solvation,



Greater is the stability of the substituted ammonium cation. stronger
should be the corresponding amine as a base. Thus, the order of basicity
ol aliphatic amines should be: primary > secondary > tertiary, which
is opposile to the induclive elfect based order. Secondly, when the
alkyl group is small, like —CH, group, there is no steric hindrance to
H-bonding. In case the alkyl group is bigger than CH, group, there will
be sleric hinderance Lo H-bonding. Therefore, the change ol nature of
the alkyl group, e.g.. from ~CH, to -C,H, resulls in change ol the order
of basic strength. Thus, there is a subtle interplay of the inductive
effect, solvation effeet and sterie hinderance of the alkyl group which
decides the basic strength of alkyl amines in the aqueous state. The
order of basic strength in case of methyl substituted amines and ethyl
subslituted amines in agqueous solution is as follows:

(C,HJNH > (CHJ)N > CHNH, > NH,

(CH,),NH > CH,NH, > [CH,),N > NH,

() Arylamines versus ammonia

pK, value of aniline is quite high, Why is it s0? It is because in
aniline or other arylamines. the -NH, group is atlached directly lo
the benzene ring, It results in the unshared electron pair on nitrogen
atom to be in conjugation with the benzene ring and thus making
it less available for protonation. If you write different resonating
struclures of aniline, you will find thal aniline is a resonance
hybrid of the following five structures.

+

C;T\'l}: NH, N, ‘:ﬁinj NTL,
Q = [
— > C —» —
(8~
I ) m v v

On the other hand, anilinium ion obtained by accepling a proton
can have only two resonating structures (kekule).

+ +
NI, NH,

G- Q)

We lmow that greater the number of resonating structures, greater
is the stability. Thus vou can infer that aniline (five resonating
structures) is more stable than anilinium ion. Hence, the proton
acceplability or the basic nalure of aniline or other aromatic amines
would be less than that of ammonia. In case of substituted aniline. it
iz observed that electron releasing groups like -OCH,, -CH, increase
hasic strength whereas electron withdrawing groups like -NO,. -SO_H,
—COO0OH, -X decrease il.

Aas, Amines
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| Cxample Q.4 Arrange the following in decreasing order of their basic strength:
' C.H,NH,. C,H,NH,, (C,H),NH, NH,

Solution The decreasing order of basic strength of the above amines and ammonia
follows the following order:
(C,H),NH > C H.NH, > NH, > CH.NH,

2. Alkylation
Amines undergo alkylation on reaction with alkyl halides (refer Unit
6, Class XII).

3. Acylation
Aliphatic and aromatic primary and sccondary amines react with
acid chlorides, anhydrides and esters by nucleophilic substitution
reaction. This reaction iz lmown as acylation. You can consider
this reaction as the replacement of hydrogen atom of -NH, or =N-I1
group by the acyl group. The products obtained by acylation reaction
are known as amides. The reaclion is carried oul in the presence of
a base stronger than the amine. like pyridine, which removes HCI so

formed and shifts the equilibrium to the right hand side.

r\(I:H" el
cgls_f;é_n C=ci 280, clm&‘lf;}: | = C,HN-C-CH, + H-CI
H SO HO HO
Ethanamine N-Ethylethanamide
5
| Base e
C,Hy==N: + CHs—ii—m —_— C,I—IE—?' = (= CH, + H=C1
| il
C,H, = GH; O
N-Ethylethamamine N.N-Diethylethanamide
CH o= w=f] + CHm=( ==()omComCH, —— C_H,=N = C== CH, + CH,COOH
I il i ' I
H ® 0 H 0O
Benzenatine Ethanoic anhydride N-Phenylethanamide
or Acctanilide

Amines also react with benzoyl chloride (C.H,COCI). This reaction
is known as benzoylation.

CH NH, + C,H,COCl - CH;NHCOCH, +HCI
Methanamine Benzoyl chloride N - Methylbenzamide

What do you think is the product of the reaction of amines with
carboxylic acids ? They [orm salts wilh amines at room temperature.

Chemistry &0



4. Carbylamine reaction
Aliphatic and aromatic primary amines on heating with chloroform
and ethanolic potassium hydroxide form isocyanides or carbylamines
which are foul smelling substances. Secondary and tertiary amines
do not show this reaction. This reaction is known as carbylamine
reaction or isocyanide test and is used as a lesl for primary anines.

Re=NIl, + CHCI,+ 3KOH 3223 ResNC + 3KCI + 3H,0

5. Reaction with nitroeus acid

Three classes of amines react differently with nitrous acid which is

prepared in sifu from a mineral acid and sodium nitrite.

(a) Primary aliphatic amines react with nitrous acid to form aliphatic
diazonium salls which being unsiable, liberate nitrogen gas
gquantitatively and alcohols. Quantitative evolution of nitrogen is
used in eslimalion of amine acids and proleins.

R=NH, + HNo, X% tHOL poncy B9 poy + N, + HA
(b) Aromatic amines react with nitrous acid at low temperaiures
(273-278 KE) to form diazonium salts, a very important class of
compounds used for synthesis of a variety of aromatic compounds
discussed in Section 9.7.

NaMNQ, + 2HC] g .
C'BH'I--NI-I'] m CﬁHE_NECI + Na(l + 2HED
Aniline Benzenediazonium

chloride
Secondary and tertiary amines react with nitrous acid in a
different manner.

6. Reaction with arylsulphonyl chloride
Benzenesulphonyl chloride (C. 1 50,Cl), which iz also known as
Hinsberg's reagent, reacts with primary and secondary amines o
form sulphonamides.
(a) The reaction of benzenesulphonyl chloride with primary amine
yields N-ethylbenzenesulphonyl amide,

Ll‘i} O
[
@—ﬁ—m ¥ H=N=C,H, —» Q—E-N—EEH,. + HCI
I I
0 H O H

N-Ethylbenzenesulphonamde
[zoluble in alikali]

The hydrogen attached to nitrogen in sulphonamide is strongly
acidic due to the presence of strong electron withdrawing sulphonyl
group. Hence, il is soluble in alkali.

(b) In the reaction with secondary amine, N,N-dicthyl-

benzenesulphonamide is formed.
O

Il
Q—ﬁ—u It H—‘q—-C JH, —> '-1 N-rc:,n + HCIL
0

G Ean
N N-Diethylbenzenesulphonanilde

didy Amines
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Since N, N-diethylbenzene sulphonamide does not contain any
hydrogen atom aftached to nitrogen atom, it is not acidic and hence
insoluble in alkali.

(]} TerHary amines do not react with benzenesulphonyl chloride.
This property of amines reacting with benzenesulphonyl chloride
in a different manner is used for the distinetion of primary,
secondary and tertiary amines and also for the separation of a
mixture of amines. However, these days benzenesulphonyl
chloride is replaced by p-toluenesulphonyl chloride,

7. Electrophilic substitution

You have read earlier thal aniline is a resonance hybrid ol live
structures, Where do vou find the maximum electron densily in
these structures? Ortho- and para-positions to the -NH, group
become centres of high electron density. Thus -NH, group is ortho
and para directing and a powerful activating group.

(o) Bromination: Aniline recacis wilh bromine water al room
temperature to give a white preﬂpitatﬂ of 2,4,6-tribromoaniline.

NH,

+3Br, SmLO, \Q’ + 3HBr

Aniline
2.4.6- Frlbrumuamlme

The main problem encountered during elecirophilic substitution
reactions of aromatic amines is that of their very high reactivity.
Substitution tends to occur at ortho- and para-positions. If we
have to prepare monosubstituted aniline derbrative, how can
the activating effect of -NH, group be controlled 7 This can be
done by protecting the -NH, group by acelylalion wilh acelic
anhydride, then carrying out the desired substitution followed
by hydrolysis of the substituted amide to the substituted amine.

(_I t !
NH; H=N- (‘ CH;, H-—-N-—
(CH,C 0]
P}"mhnc i) CH, CDDﬁ Q @
Aniline N-Phenylethanamide [Maj or} 4-Bromoaniline
[Acetanilide)

The lone pair of electrons on nitrogen of acetanilide interacts
with oxygen atom due to resonance as shown below:

&

SNEC—CH,



(b)

NH,

(el

Hence, the lone pair of electrons on nitrogen is less available for
donation to benzene ring by resonance. Therefore, activating
effect of -NHCOCI, group is less than thal of amine group.
Nitration: Direct nitration of aniline yields tarry oxidation
products in addition to the nitro derivatives. Moreover, in the
strongly acidic medium, aniline is protonated fo form the
anilinium jon which is meta directing. That is why besides the
ortho and para derivatives, significant amount of meta derivative
is also formed.

NH, NH, NH, NH,
NO
HNO,, H,S0,, EEBK’Q p Q : @’
NO,

NO,
(51%4] {47%) (20g)

However, by protecting the -NH, group by acelylation reaclion
with acetic anhydride, the nitration reaction can be controlled
and the p-nitro derivative can be obtained as the major product.

NHCOCH, NHCOCH,
;FD}HQ HNO,, H,50,, 233K DH or H*
P}ﬂdjuc
Acetanilide }J—Nmuacetnnﬂldf- pNﬂIﬂﬂm]ine

Sulphonation: Aniline reacts with concentrated sulphuric acid
to form anilinium hydrogensulphate which on heating with
sulphuric acid at 453-473K produces p-aminobenzene sulphonic
acid, commonly known as sulphanilic acid, as the major product.

‘-II] Ilbﬁ
150, @ 453-473 K Q Q
S0,H 50,
Anilinium ) )
hydrogensulphate Sulphanilie acid Fwitter ion

Aniline does not undergo Friedel-Cralls reaction (alkylation and
acetylation) due to salt formation with aluminium chloride, the
Lewis acid, which is used as a catalyst. Due to this, nitrogen of
aniline acquires positive charge and hence acits as a sirong
deactivating group for further reaction.

daady Amines



Intext Guestions

9.4 Arrange the following in increasing order of their basic strength;
M C,H.NH,. C.H.NH,. NH,, C.H.CH,NH, and (C,H_,NH
(i) C,H,NH,, (C,H,),NH, (C,H,),N, C;H NH,
(i) CHNH,, (CH ) NH. (CH,),N, CH.NIL,. C.I_CH,NH,.
9.5 Complete the following acid-base reactions and name the products:

(i) CH,CH,

CH,NH, + HCl — (i) (C,H),N + HCl —

0.6 Wrile reactions of the final alkylation product of aniline wilh excess of methyl
iodide in the presence ol sodium carbonate solution.

9.7 Write chemical reaction of aniline with benzoyl chloride and write the name of
the product obtained.

9.8 Write structures of different isomers corresponding to the molecular formula.
C,H,N. Write IUPAC names of the isomers which will liberale nilrogen gas on
treatment with nitrous acid.

Q.7 Wethod of
DUreparation
of Diazoniun
Salts
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II. DIAZONIUM SALTS
The diazonium salts have the general formula B ﬁz x where R stands

for an aryl group and X ion may be CI Br, HS0, . BF, ., etc. They are
named by suffixing diazonium to the name of the parent hydrocarbon
from which they are formed, followed by the name of anion such as
chloride, hydrogensulphate, ete. The 1:';2 group is called diazonium

group. For example, C.H, ]:'Iz ¢ 1= named as benzenediazonium

chloride and C,H.N,HSO, is known as benzencdiazonium
hydrogensulphate.

Primary aliphatic amines form highly unstable alkyldiazonium salts
[refer to Section 9.6). Primary aromatic amines form arenediazonium
salts which are stable for a short time in solution at low temperatures
(273-278 K). The stability of arenediazonium ion is explained on the
basis of resonance.

orv ® 9 f
NEN ﬁ':?k]: ﬁ:m: ﬁ=1‘€1
=]

Benzenediazonium chiloride is prepared by the reaction of aniline with
nilrous acid al 273-278K. Nilrous acid is produced in (he reaction
mixture by the reaction of sodium nitrite with hydrochloric acid. The
conversion of primary aromatic amineg into diazonium salts is known
as diazotisation. Due to its instability, the diazonium salt is not
generally siored and is used immediately after its preparation.

C.H.NH, + NaNQ, +2HC] —222%E_,c 1 N_ Cl+ NaCl +2H,0



0.8 Dhysical
Droperties

0.0 Chemical

Weactions

Benzenediazonium chloride is a colourless crystalline solid, Tt is readily
soluble in water and is stable in cold but reacts with water when
warmed. It decomposes easily in the dry state. Benzenediazonium
fluoroborate is water inscoluble and stable at room temperature,

The reactions of diazonium salts can be broadly divided into two
calegories, namely (A) reactions involving displacement ol nilrogen and
(B) reactions involving retention ol diazo group.

A. Reactions invelving displacement of nitrogen

Ddazonium group being a very good leaving group, is substituted

by other groups such as Cl, Br I CN and OH which displace

nitrogen from the aromatic ring. The nitrogen formed escapes from

Lthe reaction mixlure as a gas.

1. Replacement by halide or cyanide ion: The Cl, Br and CN
nucleaphiles can easily be introduced in the benzene ring in the
presence of Cu(l) ion. This reaction is called Sandmeyer reaction.

ALK Cubn/HBr , AtBr + N,
CuCN [fEKCN AfCN + N,

Alternatively, chlorine or bromine can also be introduced in the
benzene ring by treating the diazonium salt solution with eorresponding
halogen acid in the presence of copper powder. This is referred as
Gatterman reaction.

CUHE, ArCl + N, + CuX

-
ArN,X
X "Icu/HBp 4 Br 4N, + Cux

The yield in Sandmeyer reaction is found to be better than
Galtermann reaction.
2. Replacement by iodide ion: lodine is not casily Introduced into
the benzene ring directly, but, when the diazonium salt solution
is treated with potassium iodide, iodobenzene is formed.

ArNLC] + RI—» Arl + KCl + N,

3. Replacement by fluoride ion: When arenediazonium chloride is
trealed with fluoroboric acid, arene diazonium {luorcborate is
precipitated which on healing decomposes (o vield aryl fluoride.

+ - 1 -
ATNCl + HBF, —» Ar—N,BF, =23 Ar—F + BF,+ N,

4. Replacement by IH: Certain mild reduecing agenis like
hypophosphorous acid (phosphinic acid] or ethanol reduce
diazonium salts to arenes and themselves get oxidised to
phosphorous acid and ethanal, respectively,

gl ATninies



ANCI + H,PO,+ H,0 —> ArH + N, + H,PO,+ HCI
4 -
ArNClL + CHLCH,OH —> ArH + N, + CH,CHO + HCI

5. Replacement by hydroxyl group: I the (emperature of the
diazonium sall solution is allowed to rise upio 283 K, the salt
gets hydrolysed to phenol.

ArNCl + H,O —» ATOH + N, + HCI

6. Replacement by -NO, group: When diazonium fluoroborate is
heated with aqueous sodium nitrite solution in the presence of
copper. the diazonium group is replaced by -NO, group.

- + - )
N,Cl N,BF, NO,
4 HBF, ———» N;m; + N, + NaBF,
Fluoroboric Y
actd

B. Reactions involving retention of diazo group
coupling reactions

The azo products obtained have an extended conjugate system having
both the aromatic rings joined through the -N=N-bond. These compounds
are often coloured and are used as dyes. Benzene diazonium chloride
reacts with phenol in which the phenol molecule at its para position is
coupled with the diazonium salt to form p-hydroxyvazobenzene. This
type of reaction is known as coupling reaction. Similarly the reaction of
diazonium salt with aniline yields p-aminoazobenzene. This is an example
of electrophilic substitution reaction.

o )
O—NEN{EI - H—Q—nu LS TEN @—N:N—@—DH + CI'+ H,O

@_N’sm Cl 4

Q.10 l[mpm'trm:e
of Dhazonum
Salts in
Synthesis
of Hromatic
Compounds
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p-Hydroxyazobenzene (orange dye)

N
Il—@— NH, —i—p @—W:W—@—N’E‘{I+ ClI'+ H,0

p-Amincazobenzene

[yellow dye)

From the above reactions, it is clear that the diazonium salts are very
good intermediates for the introduction of -F, -C1, -Br. -1, ~-CN. —-0H.,
=NO, groups into the aromatic ring.

Aryl fluorides and fodides cannot be prepared by direct halogenation.
The eyano group cannot be infroduced by nucleophilic substitufion of
chlorine in chlorobenzene but cyanobenzene can be easily obtained
from diazonium sall.

Thus, the replacement of diazo group by other groups is helpful in



preparing theose substituted aromatic compounds which cannol be
prepared by direct substitution in benzene or substituted benzene.

How will you convert 4-nitrotoluene to 2-bromobenzoic acid ? Example Q.5
CH, Solul oolulion
B I:!r
e T Sn,-" HCl NaNO f HC1
2?3—2?8 E
NO N,Cl
HnOlHaP‘:'a
COOH CH,
Br KMno, =
—
oH

Intext Cluestion

9.9 Convert
(i} 3-Methylaniline into 3-nitrotoluene,
{ii) Aniline into 1,3.5 - tribromobenzene.

Summary

Amines can be considered as derivatives of ammonia obtained by replacement of
hydrogen atoms with alkyl or aryl groups. Replacement of one hydrogen atom of
ammonia gives rise to structure of the fype R-NH,, known as primary amine.
Secondary amines are characterised by the strueture R,NH or R-NHR' and tertiary
amines by R.N, RNR'R"” or RNR', Secondary and terliary amines are known as
simple amines if the allkyl or aryl groups are the same and mixed amines if the
groups are different. Like ammonia, all the three types of amines have one unshared
eleciron pair on nitrogen atom due fo which they behave as Lewis bases.

Amines are usually formed from nifro compounds, halides. amides. imides. etc.
They exhibit hydrogen bonding which influence their physical properties. In
alkylamines, a combination ol eleciron releasing, sleric and H-bonding faciors
inflluence (he stability of the substiluted ammonium cations in protic polar solvenls
and thus affect the basic nature of amines. Allyl amines are found to be sironger
bases than ammonia. In aromatic amines, electron releasing and withdrawing groups,
respectively increase and decrease their basic character. Aniline {s a weaker base
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than ammonta, Reactlons of amines are governed by avallability of the unshared pair
of electrons on nitrogen. Influence of the number of hydrogen atems at nitrogen atom
on the type of reactions and nature of producls is responsible [or identilication and
distinclion between primary, secondary and lerliary amines. p-Toluenesulphonyl chloride
iz used for the identfication of primary, secondary and tertdary amines. FPresence of
amine group in aromafic ring enhances reactivity of the aromatic amines. Reactivity of
aromatic amines can be controlled by acylation process, Le., by treating with acetyl
chloride or acelic anhydride, Terliary amines like trimethylamine are used as insect
atrractanis.

Aryldiazonium salts, usually obtained [rom arylamines, undergo replacement of
the diazenium group with a variety of nucleophiles to provide advanlageous methods
for producing aryl halides, cyanides, phepols and arenes by reductive removal of the
diazo group. Coupling reaction of aryldiazenium salts with phenols or arylamines give
rise to the [ormation of azo dyes,

L s
CXEICISES

8.1  Write IUPAC names of the following compounds and classify them into primary,
secondary and tertiary amines.

(i} (CH.),CHNH, {ii} CH,{CH,),NH, (i) CH,NHCH{CH,},
(iv) (CHg),CNH, (v) CzHNHCH, tvi) (CH,CH,),NCH,
(vil) m-BrC,HNH,
9.2 Give one chemical test 1o distinguish between the following pairs of compounds.
i) Meilhylamine and dimethylamine (ii] Secondary and lertiary amines
(iti) Ethylamine and aniline (iv} Aniline and benzylamine
(wv] Aniline and N-methylaniline.
9.3 Account for the following:
(i) pK, of aniline is more than that of methylamine.
(ii) Ethylamine is soluble in waler whereas aniline is noi,

(iii} Methylamine in water reacls with [lerric chloride lo precipitate hydrated
ferric oxide.

(iv) Although amino group is o— and p-— directing in aromatic electrophilic
substitution reactions, aniline on nitration gives a substantlal amount of
m-nitroaniline.

[v] Aniline does not undergo Friedel-Crafis reaction.

[vi) Mazonium salts of aromatc amines are more stable then those of aliphatic
Anines.

(vil) Gabriel phthalimide synthesis is preferred for synthesising primary amines.
9.4 Arrange lhe [ollowing:

(i} I decreasing order of the pK, values:
C,H NH,., C;H;NHCH,, (C;H,),NH and CHNH,

(i) In increasing order of basic strength:
C.HNH,, CH.N(CH,),, (C,HJ,NH and CH,NH,

fiii) In increasing order of basic slrength:
{a] Amniline, p-nitroaniline and p-toluidine
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9.5

9.6

9.7

8.8

2.9

(b) CGHNH,, C,HNHCH,, C.H,CH,NH,,
[iv] In decreasing order of basic swength in gas phase:
CoHNH,, (CoHgloNH, (C HgloN and NH,
(vl In increasing order of boiling poini:
C,ILOH, (CIL),NH, C,H.NH,
vi) In increasing order of solubility in water:
CsHSNH,, (C,Hy);NH, C;HNH,,
How will you convert:
(1) Ethanoic acld into methanamine
fii) Hexaneniirile inio l-aminopeniane
(iii) Methanol lo clhanoic acid
[iv] Ethanamine into methanamine
Iv] Ethaneoic acid into propanecic acid
(vl] Meithanamine into ethanamine
[vif) Nilromethane inlo dimelhylamine
(viii) Propanoic acid into ethanoic acid?

Describe a method for the identification of primary, secondary and terbary amines.

Also write chemical equations of the reactlons invelved.
Write short notes on the following:

i) Carbylamine reaction (ii) Diazotisation
(iii) Holmann's bromamide reacbon fiv] Coupling reaction
(vl Ammonolysis (vi) Acetylation

[vif) Gabriel phthalimide synthesis.
Accomplish the following converslons:
i) Nilrobenzene to benzoice acid
fiif] Benzene Lo m-bromophenol
(iii) Benzoic acid to aniline
(iv] Aniline to 2.4,6-tribromofliorohenzene
(v) Benzyl chloride to 2-phenylethanamine
[vi] Chlorobenzene Lo p-chloroaniline
[vii] Aniline to p-bromoaniline
[viii] Benzamide to toluene
[ix) Aniline to benzyl alcohol.
Give the structures of A, B and C in the following reactions:

() CHyCHl —EN gy p 00—, SeliiBa 0

i) CoHyN,Cl —=ENq BOH g ¢
HCN " HNG,
(1) CH,CH,Br pA N g TR ¢

(tv] CoHsNO, —T=(BE 5 NaMCeHd ,p_ TOIL ¢

FrAT

(v CHyCOOH —ti—p M08 g NaNOUEC ¢

; Fe/HCI ., & Cgll ol
E'l.?]_l EEHENDH 'Ilr v .ﬁ. m 7 E E Iﬂ .-I'C

s, Amines



8.10 An aromatic compound 'A' on treatment with agueous ammonia and heating
forms compound ‘B’ which on heating with Br, and KOH forms a compound 'C’

of molecular formula C_H,N. Write (he structures and IUPAC names of compounds
A, B and C.

9.11 Complete the lollowing reactions:
() CgH NH, +CHCI, + ale. KOH —

() CzHN,Cl+HPO, +H,0 -
(i) CgHNH, +H,80, (cone.) =
[iv) CzHN,Cl+C,H,0H -

(v) C:HNH, +Br;, (aq) —

(vi) CgHgNH, +(CH,CO), O —

fvii) CgHzN,Cl mﬁmlﬂu-ﬂ ?

8.12 Why cannot aromatic primary amines be prepared by Gabriel phthalimide
synthesis?

9.13 Write the reactions of (i) aromatic and (i) aliphatic primary amines with nitrous
acid.

8.14 Give plausible explanation for each ol the lollowing:
i) Why are amines less acidic than alcohols of comparable molecular masses?

(it} Why do primary amines have higher bolling point than fertiary amines?
[iii) Why are aliphatic amines stronger bases than aromatic amines?

Answers to Some Intext Questions

9.4 () CgHZNH, < NH, < CH CH,NH, < CoHgNH, < (C;H),NH
(1) CoHyNH, < CH,NH, < (C,HgyN < (C,H,),NH
(i1f) CoH NI, < CgH,CH,NH, < (CIL),N < CH,NH, < (CIL,),NH
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Afiler studying this Unil, yvou will be

able to

* explain the characleristics ol

viomolecules

At s the harmondois ond synchronous progress aof chemical

biomolecules like carbohydrates reactions i body which leads fo life™
proteins and nucleic acids and

hormones;

) A living system grows, sustains and reproduces itself.

s classily ecarbohydrates, profcins, ; ! o :
siiliin: seids At vitaniie. on the Themostamazingthingabuutaﬁvmgsystemismaht
basis of their structures: ts composed of non-living atoms and molecules, The

+ explain the difference between PUrsuit of knowledge of what goes on chemically within

DNA and RNA;

a living system falls in the domain of biochemistry. Living

+ describe ihe role of biomolecules Systems are made up of various complex biomolecules

n biosystem,

10.1Carbohydrates

like carbohydrates, proteins, nucleic acids, lipids, ete.
Proteing and carbohydrates are essential constituents of
our foed. These biomolecules interact with each other
and constitute the molecular logic of life processes. In
addition, some simple molecules like vitamins and
mineral salts also play an imporiant role in the functions
of organisms. Structures and functions of some of these
biomolecules are discussed in this Unit.

Carbohydrates are primarily produced by plants and form a very larde
group of mnaturally occurring organic compounds. Some common
examples of carbohydrates are cane sugar, glucose, starch, etc. Most of
them have a general formula, C,(H;0),, and were considered as hydrales
of carbon from where the name carbohydrate was derived. For example,
the molecular formula of glucose (Cgll,,0) fits into this general formula,
C4(H;0);. But all the compounds which fit into this formula may not be
classified as carbohydrates. For example acetic acid (CH,COOH) fits into
this general formula, C;(H;O); bul is nol a carbohydrate. Similarly,
rhamnose. CH20;g is a carbohydrate bul does nol fit in this definition.
A large number of their reactions have shown that they contain specific
fimetional groups. Chemically, the carbohydrates may be defined as
optically active polyhydroxy aldehydes or ketones or the compounds

which produce such units on hydrolysis. Some of the carbohydrales,

which are sweet in taste, are also called sugars. The most common
sugar, used In our homes is named as sucrose whereas the sugar present



10.1.1
Classification of
Carbohydrates

10.1.2
Monosaccharides

10.1.2.1 Glucose

Preparation of
Glucose
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in milk is known as lactose. Carbohydrates are also called saccharides
(Greek: salccharon means sugar].

Carbohydrales are classified on Lhe basis of their behaviour on
hydrolysis. They have been broadly divided into following three groups.

fi)

i)

(iii)

Monosaccharides: A carbohydrate thal cannol be hydrolysed hurther
io give simpler unit of polyhydroxy aldehyde or keione is called a
monosaccharide. About 20 monosaccharides are kmown to oceur in
nature. Some common examples are glucose, fructose. ribose. ete.
Oligosaccharides: Carbohydrates that yield two to ten
monosaccharide units, on hydrolysis, are called oligosaccharides. They
are turther classified as disaccharides, frisaccharides, tetrasaccharides,
ele,, depending upon the number of monosaccharides, they provide
on hydrolysis. Amongst these the most common are disaccharides,
The two monosaccharide units obtained on hydrolysis of a disaccharide
may be same or diflerent. For example, one molecule of sucrose on
hydrolysis gives one molecule of glucose and one molecule of fructose
whereas maltose gives two molecules of only glucose.
Polysaccharides: Carbohydrates which yield a large number of
monosaccharide units on hydrolysis are called polysaccharides.
Some common examples are starch, cellulose, glycogen, gums,
etc. Polysaccharides are not sweet in taste, hence they are also
called non-sugars.

The carbohydrales may also be classified as either reducing or non-
reducing sugars. All those carbohydrates which reduce Fehling's
solution and Tollens’ reagent are referred 10 as reducing sugars. All
monosaccharides whether aldose or ketose are reducing sugars.

Monosaccharides are further classified on the basis of number of carbon
atoms and the functional group present in them. If a monosaccharide

cOn

tains an aldehyde group, It is known as an aldose and if it contains

a keto group, it is known as a ketose. Number of carbon atoms
constituting the monosaccharide is also introduced in the name as is
evidenl from the examples given in Table 10.1

Table 10.1: Different Types of Monosaccharides

Carbon atoms General term Aldehyde Ketone
3 Triose Aldotriose Ketotriose
4 Telrose Aldoletrose Eetolelrose
5 Pentose Aldopentose Hetopenlose
-] Hexose Aldohexose Ketohexose
7 Heptose Aldoheptose Ketoheptose

Glucose occurs freely in nature as well as in the combined form. It is
present in sweet fruits and honey. Ripe grapes also contain glucose
in large amounts. It is prepared as follows:

From sucrose [Cane sugar): If sucrose is boiled with dilute HCI or
H;50, in alcoholie solution, glucose and fructose are oblained in
equal amounts.



Structure of
Glucose

CHO

(CHOH),
I
CH,OH

Glucose

Clzﬂzz{}n +H20 _1-1*_> DﬁHn'DE + CﬁHmDs

Sucrose Glucoss Fructose

2. From starch: Commercially glucose is obtained by hydrolysis of

starch by boiling it with dilute H,50, at 393 K under pressure.

i
(CsH;005),, + nH 0 —mpas = DCsHi206

Starch or cellulose Glucose

Glucose is an aldohexose and is also known as dextrose. It is the
monomer ol many of the larger carbohydrates, namely starch, cellulose.
It is probably the most abundant organic compound on earth. It was
assigned the structure given below on the basis of the following
evidences:

Lo

[is molecular formula was lound to be C.H 0.

Omn prolonged heating with HI, it forms n-hexane, suggesting that all
the six carbon atoms are linked in a straight chain.

CHO
I

(cHom, -8, CH-CH,-CHCH,-CH,CH,
I

CH,0H (n-Hexane}

Glucose reacts with hydroxylamine to form an oxime and adds a
molecule of hydrogen cyanide to give cyanohydrin. These reactions
conflirm Lhe presence of a carbonyl group (>C = O) in glucose.

- ',CN
CHO CH=N-OH CHO CH
1 NH,OH i | i “~0H
[FHOHL —_—ty [!IC‘.IIUi 1. ErICH.GHL —> (CHOH),
|
CH,0H CH,OH CH,OH CH,OH

Glucose gets oxidised to six carbon carboxylic acid [gluconic acid)
on reaction with a mild oxidising agent like bromine water. This
indicates that the carbonyl group is present as an aldehydic group.

CIHO rl.'fa{?rrl

[:.!:Hm [, Sawater, (CHOH),
| |
CH,OH CH,OH

Gluconic acid

Acetylation of glucose with acetic anhydride gives glucose
penilaacetate which confirms the presence of Gve ~OH groups. Since
it exisis as a stable compound, [ive —-OH groups should be atiached
to different carbon atoms.
I?'H o CHO %]
(CHOH), Acetic a.nhi,"dride* [CH_U_C‘_:;C!:LL
|

Il
CHL.On CH-0O-C-CH,
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6. On oxidation with nitric acid, glucose as well as gluconic acid both

yield a dicarboxylic acid, saccharic acid. This indicates the presence
of a primary alcoholic (-OH) group in glucose.

CHO . COOH CooH
(CHom), S (CHOM, Saatn (CHOR),
CH,OH COOH CH,OM
Saccharic Gluconic

acid acid

The exact spatial arrangement of dilferent —OH groups was given
by Fischer after studying many other properties. Its configuration is
correctly represented as I. So gluconic acid is represented as IT and
saccharic acid as II1.

CHO COOH COOH
H —— 011 H —— 0Ol H —— OH
HO ——H HO —t—H 1O == H
H —— OH H —— 01 H —— 011
H —— OH H —4— OH H ——OH
CH,OI1 CH,OH COOH
1 I i

Glucose is correcily named as D(+)-glucose. ‘D' before the name
of glucose represents the configuration whereas ‘(+)° represents
dextrorotatory nature of the molecule. It should be remembered that
D" and 'L" have no relalion with the optical activity of the compound.
They are also not related to letter ‘d’ and T’ (see Unit 6). The meaning
of D- and L-notations is as follows.

The letters ‘D" or L’ before the name of any compound indicate the
relative configuration of a particular sterecisomer of a compound with
respect to configuration of some other compound. configuration of
which is known. In the case of carbohydrates, this refers to their
relation with a particular isomer of glyceraldehyde. Glyceraldehyde
contains one asymmetric carbon atom and exists in two enantiomeric
forms as shown below.

CHO CHO
H—-I—t:ll-i HO —l—ll
CH,0H CH,OH
{(+) = Glyceraldehyde [-) — Glyceraldehyde

(+) Isomer of glyceraldehyde has T configuration. It means thatwhen
its structural formula is writlen on paper following specific conventions
which you will study in higher classes, the ~OH group lies on right hand
side in the structure. All those compounds which can be chemically
cortelated Lo D (+) isomer of glyceraldehyde are said to have D-
configuration whereas those which can be correlated to 'L’ (-} isomer of
glyceraldehyde are said to have L—configuration. In L () isomer -OH
group is on left hand side as you can see in the sbructure. For assigning



Cyelic
Structure

of Glucose

the configuration ol monosaccharides, it is the lowest asymmetric carbon
atom (as shown below) which is compared. Asin (+) glucose, —OH on
the lowest asymmelric carbon is on the right side which is comparable
to (+) glyceraldehyde, so (+) glucose is assigned D-configuration, Other
asymmeiric carbon atoms of ghucose are not considered for this
comparison. Alsoe. the structure of glucose and glyeeraldehyde is written
in a way that most oxidised carbon (in this case ~CHOJis at the top.

CHO
H == OH
" HO——H
e B S ool L5
:H—I—GII: + H={—OH !
\ _ CH,OH ! . CH,0H,

D—+] - Glucose

The structure (I) of glucose explained most of its properties but the
following reactions and facts could not be explained by this structure.

i

Despite having the aldehyde group, glucose does not give Schiff's
test and it does not form the hydrogensulphite addition product with
NallS0;.

The pentaacetate of glucose does not react with hydroxylamine
indicating the absence of free —CHO group.

Glueose is found 1o exist in two different erystalline forms which are
named as ¢.and f. The o-form of ghucose (m.p. 419 K) is obtained by
crystallisation from concenirated solution of glucose at 303 K while
the p-form (m.p. 423 K] is obtained by crysiallisation [rom hot and
saturated agueous solution at 371 K.

This behaviour could not be explained by the open chain structure
(1} for glucese. It was proposed that one of the —OH groups may add
to the —CHO group and form a cyclic hemiacetal structure. It was
found that glucose forms a six-membered ring in which —OH at C-5
is involved in ring formation. This explains the absence of —CHO
group and also existence of glucose in two forms as shown below.
These two cyclic forms exist in equilibrium with open chain structure.

PR
H=-C=0H Ho=-T=-H
H 44— 011 H 3— oH

HO3—H = = od—g
H 3 ou H OH
H : : H Z

CH,OH CH,OH CH,OH

o — D = [+) - Glucose B - D-{+ — Glucose

The two cyclic hemiacetal forms of glucose differ only in the
configuration of the hydroxyl group at C1. called anomeric carbon

Z8h, Bilomelecules



[the aldehyde carbon before cyclisation). Such isomers, i.e., o-form
and p-form, are called anomers. The six membered cyclic structure
of glucose is called pyranose structure (o or -], in analogy with
pyran, Pyran is a cyclic organic compound with one oxygen atom
and five carbon atoms in the ring. The eyelic structure of glucose s
more correctly represented by Haworth structure as given below.

8
= CH,OH
Pyran H O
g D — [+) — Glucopyranose - D - [#) - Glucopyranose
10.1.2.2 Fructose Fructose is an important ketohexose, It is obtained along with glucose

by the hydrolysis of disaccharide, sucrose. It Is a natural
monoesaccharide found In froits, honey and vegetables. In its pure
form it is used as a sweetner. It 1s alzo an important ketohexose.

Fructose alse has the molecular formula C4H,,0, and ?Hzﬂ-H
Structure on the basis ol its reactions il was found to confain a C=0
of Fructose kefonic functional group at carbon number 2 and six HO——H
carbons in straight chain as in the case of glucose. It H —— on
belongs to D-series and is a laevorotatory compound. -
It is appropriately writlen as D-(-)-fruclose. Its open H =~ OH
chain structure is as shown. CH,OH
[t algo exists in two cyclic forms whn:-h are obtained D~ <) - Fructose

by the addition of —OH at C5 to the [ C=0) group. The ring, thus formed
Is a five membered ring and s nanied as furanose with analogy to the
compound furan. Furan is a five membered cyclic compound with one
oxygen and four carbon atoms.

&) ZI I
FTLIH;C—CFOFI D —C-CH,0H
'l“ HO4=H O
\ / 011 H —H4— O
Furan “cH,0n CH,OH

- [ = Fructofuranose f- D1 — [-] - Fruetoluranose

The cyclic structures of two anomers of fructose are represented by
Haworth structures as given.
3] 1 6
HOH,C 8] CH,OH HOH,C Q OI1

- Nu on
OF CH,0H
4 [

o1l I Ol IT
— |-} = Fruciofuranose g-D - |- - Fructofuranose
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10.1.3 You have already read that disaccharides on hydrelysis with dilute
Disaccharides acids or enzymes yield two molecules of either the same or different
monosaccharides. The two monosaccharides are joined together by an
oxide linkage formed by the loss of a water molecule. Such a linkage
between two monosaccharide units through oxygen alom is called
glycosidic linkage.

In disaccharides, il the reducing groups of monosaccharides i.e.,
aldehydic or ketonic groups are bonded, these are non-reducing sugars,
e.g., sucrose, On the other hand, sugars in which these lunctional groups

are [Tee, are called reducing sugars, lor example, mallose and laclose.
fii Sucrose: One of the common disaccharides is sucrose which on

hydrolysis gives equimolar mixture of D-(+)-ghicose and D-[-] fructose.

C,1.,,0, +HO—sC, H,0, + C.IH,O0,
Suerose De[+]-Glucose D-[-)-Fructose

These two monosaccharides are held together by a glycosidic
linkage between C1 of e-D-glucose and C2 of §-D-fructose. Since
the reducing groups of glucose and fructose are involved in
glycosidic bond formation, sucrose is a non reducing sugar.

&
CH,OI

HONJs____ o/ 1+~ CH,OH
Glveosidic @
H  OF ‘mkge OH H
i— D — Glucose B-D - Frucioze
Sucrose

Sucrose is dexlrorotatory bul aller hydrolysis gives
dexirorolatory glucose and laevorotalory fruclose, Since the
laevorotaion of uclose (-92.4°) is more than dexirorolation of
ghucose (+ 52.5%), the mixture is laevorotatory, Thus, hydrolysis of
sucrose brings about a change in the sign of rotation, from dextro
{(+) to laevo |-) and the product is named as invert sugar,

(i} Maliose: Another disaccharide, maltose is composed of two
o-D-glucose units in which C1 of one glucose (I) is linked to C4
of another glucose unit (II). The free aldehyde group can he
produced at C1 of second glucose in sclution and it shows reducing

properties so il is a reducing sugar.
[

[}
CH,OH CH,OH

H OH H OH

{1l (1)
a— D — Glucose a— Dy — Glucose
Maltose

85, DBilomelecules



10.1.4
Polysaccharides

Chemistry 85

(iiil Lactose: It is more commonly known as milk sugar since this
disaccharide is found in milk. It is composed of f-D-galactose and
f-D-glucose. The linkage is between Cl of galactose and C4 of
glucose. Free aldehyde group may be produced at C-1 of glucose
unit. hence it is also a reducing sugar.

& &
CH,OH CH,OH

H OH H OH
F=D = Galactose £=D = Glucose
Lactose

Polysaccharides contain a large number of monosaccharide units joined
together by glycosidic linkages. These are the most commonly
encouniered carbohydraies in nature. They mainly act as the food
storage or structural materials.

(i) Starch: Starch is the main storage polysaccharide of plants. It is
the most Important dietary source for human beings. High content
of starch is found in cereals. roots, tubers and some vegetables. It
is a polymer of c-glucose and consists of two components—
Amylose and Amylopectin. Amylose is water soluble component
which constifutes about 15-20% of starch. Chemically amylose is
a long unbranched chain with 200-1000 o-D-(+)-glucose units
held together by Cl- C4 glycosidic linkage.

Amylopectin is insoluble in water and constitutes about 80-
85% of starch. It is a branched chain polymer of o-D-glucose
units in which chain is formed by C1-C4 glycosidic linkage whereas
branching occurs by C1-C6 dlycosidic linkage.

8
CH,0H CH,0H CH,0H




CH, 011 CiL,on

'ﬁill"s

i o~ Branch at C,
| CH.OH

(iij Cellulose: Cellulose oceurs exclusively in plants and it is the most
abundant organic substance in plant kingdom. It is a predominant
constiluent of cell wall of plant cells. Cellulose is a straight chain

HOH,C

OH

HOH,C

OH

Cellulose
polysaccharide composed only of B-D-glucose units which are
joined by glycosidic linkage between C1 of one glucose unit and
C4 of the next glucose unit.

(il Glycogen: The carbohydrales are stored in animal body as glycogen.
It i= also known as animal starch because its structure is similar to
amylopectin and is rather more highly branched. It is present in liver,
muscles and brain. When the body needs ghicose, enzymes break the
glycogen down Lo glucose. Glycogen is also [ound in veast and ungi.

10.1.5 Carbohydrates are essenlial for life in both plants and animals. They
Importance of form a major portion of our food. Honey has been used for a long time
Carbohydrates as an instant source of energy by Vaids' In ayurvedic system of

medicine. Carbohydrates are used as storage molecules as starch in
plants and glycogen in animals. Cell wall of bacteria and plants is
made up of cellulose. We build furniture, ele. from cellulose in the form
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Intext (Juestions

of wood and clothe ourselves with cellulose in the form of cotton fibre.
They provide raw materials for many important industries like textiles,
paper, lacquers and breweries.

Two aldopentoses viz. D-ribose and 2-deoxy-D-ribose (Section
10.5.1. Class XII) are present in nucleic acids. Carbohydrates are found
in biosystem in combination with many proteins and lipids.

10.1

10.2
10.3

10.2 Vrotetns

10.2.1 Amino
Acids

Chemistry 280

Glucose or sucrose are soluble in water but cyclohexane or
benzene (simple six membered ring compounds) are insoluble in
water. Explain.

What are the expected products of hydrolysis of lactose?

How do you explain the absence of aldehyde group in the
penlaacetate of D-glucose?

Proteins are the most abundant biomolecules of the lving system.
Chief sources of proteins are milk, cheese, pulses, peanuts. fish, meat,
ete. They occur in every part of the body and form the fundamental
hasis of structure and functions of life. They are also required for
growth and mainfenance of body. The word protein is derived from
Greek word, "proteios” which means primary or of prime importance.
All proieins are polymers of g-aminoe acids.

Amino acids contain amino (-NII;) and carboxyl (-COOH) functional
groups. Depending upon the relative position of amine group with
respect to carboxyl group, the amino acids can be

classified as o, P, v, 6 and so0 on. Only c-amino R—?”"CDUH
acids are obtained on hydrolysis of proteins. They NH,
may contain other lunctional groups also. g-amino acid

All e-amino acids have (rivial names, which (R =side chain)

usually reflect the property of that compound or

its source. Glycine is so named since it has sweel taste (in Greek glykos
means sweet) and tyrosine was first obtained from cheese (in Greek, tyros
means cheese.) Amino acids are generally represented by a three letter
symbeol, sometimes one leller symbol is also used. Siruclures of some
commonly occurring amino acids along with their 3-letter and 1-letter
symbols are given in Table 10.2.

OOH
Table 10.2: Natural Amino Acids H,N H
R
Name of the Characteristic feature Three lotter One letter
amino acids of side chain, R symbol code
1. Glyeine H Gly G
2. Alanine - CH;, Ala A
3. Valine* (H;C)CH- Val v
4. Leugine® [HyC)CH-CH,- Leu L;




10.2.2

Classification of

Amino Acids

10

1L,
12.
13.
14,
15.
18.
17.

1&.

15,

20.

. Isoleucine® [—ISC-CH,—EE—I— Ne 1
CH,
ﬁrgml'ﬂﬂ‘ HN:\?"NH"[CHQ]S‘ Arg R
NI,
Lysine* H;N-{CHg),- Lys K
Glutamic acid HOOC-CH,-CH,- Glu E
Aspartic acld HOOC-CH,- Asp b}
il
Glulamine H N-C-CH;-CHy- Gln Q
i
Asparagine ILN-C-CI,;- Asn N
Threonine* H,C-CHOH- Thr T
Serine HO-CH;- Ser 5
Cysleine HS-CHy- Cys C
Methionine®* H4C~5-CH;-CH;- Met M
Phenylalanine* CH-CH,- Phe F
Tyrosine | HO-C H,-CH,- Tyt Y
=CH,
Tryptophan* Trp w
H
H,C
Histidinec®* {j]H Hig H
OO
Proline “N—|—H Pro P
“H,

¥ essential amino acid, a = entire structure

Amino acids are classified as acidic, basic or neutral depending upon
the relative number of amino and carboxyl groups in their molecule.
Equal number of amino and carboxyl groups makes it neutral; more
number of amino than carboxyl groups makes it basic and more
carboxyl groups as compared (o amino groups makes il acidic. The
amino acids, which can be synthesised in the body, are known as non-
essential amino acids. On the other hand, those which cannot be
synthesised in the body and must be oblained through diel, are known
as essential amino acids [marked with asterisk in Tahble 10.2).
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Il I
R— ?H— C—0—H +T—= R— (I:H— C—F

‘NH,

10.2.3 Structure
of Proteins

H.N=CH,—COOH + H.N— l’,llH — COOH

-H,0

Amino acids are usually colourless, erystalline solids. These are
water-soluble, high melting solids and behave like salts rather than
simple amines or carbeoxylic acids. This behaviour is due to the presence

ol both acidic (carboxyl group) and basic (amino

O group) groups in the same molecule. In aqueous

solution, the carboxyl group can lose a proton
and amino group can accept a proton, giving rise

'NH, to a dipolar ion kmown as zwilter ion. This is
[Zwilter ion) neutral bul conlains bolth positive and negative
charges.

In zwitter ionic form, amino acids show amphoteric behaviour as
they reacl both with acids and bases.

Except glycine, all other naturally occurring c-amine acids are
optically actfive, since the o-carbon atom is asymmetric. These cxdst
both in ‘D’ and L' forms. Most naturally occurring amino acids have
L-configuration. L-Aminoacids are represenled by writing the -NH, group
on lefl hand side.

You have already read that proteins are the polymers of ¢-amino acids
and they are connected to each other by peptide bond or peptide
linkage. Chemically, peptide linkage is an amide formed between
~COOH group and -NH, group. The reaction between two molecules of
similar or different amino acids, proceeds through
the combination of the amino group of one molecule
CH, with the earboxyl group of the other. This results in

the elimination of a water molecule and formation of

H,N = CH,~[0 = Ni]=CH=CO0H a peplide bond ~CO-NH-. The product of the reaclion
|

Peptide linkage

s is called a dipeptide because il is made up of two
Ct, amino acids. For example, when carboxyl group of
glycine combines with the amino group of alanine

Glyeylalanine [Gly-Ala) we get a dipeptide, glycylalanine.

Chemistry 83

If a third amino acid combines to a dipeptide, the product is called a
tripeptide. A tripeptide contains three amino acids linked by two peptide
linkages. Similarly when four, five or six amino acids are linked, the respective
products are known as tetrapeptide, pentapeptide or hexapeptide,
respectively. When (he number of such amino acids is more (han ten, then
the products are called polypeptides. A polypeptide with more than Ihmdred
amino acid residues, having molecular mass higher than 10,000u is called
a protein. However, the distinction between a polypeptide and a protein is
not very sharp. Polypeptides with fewer amino acids are likely to be called
proteins if they ordinarily have a well defined conformation of a protein such
as insulin which contains 51 amino acids.

Proteins can be classified into two types on the basis of their
molecular shape.

(a) Fibrous proleins

When the polypeptide chains run parallel and are held together by

hydrogen and disulphide bonds, then fibre- like structure is formed. Such

proteins are generally insoluble in water. Some comimon examples are
keratin {present in hair, wool, silk) and myosin (present in muscles), elc.



Fig. 10.1: o-Helix
struciure of proteins

(b} Glebular proteins

This structure results when the chains of polypeptides coil around
to give a spherical shape. These are usually soluble in water. Insulin
and albumins are the common examples of globular proteins.

>

-~
N N
R{fg R(EH. RCH
B s
HCR HCR B
'D‘C‘\ -
0" it~ 0" O et
RCH  RrCH RCH
- j :C C
PN Oy Ol ©
HCR  HCR HCFR
o o’ .

Fig. 10.2: f-Pleated sheet structure of
profeins

Structure and shape of proteins can be studied at four different
levels, i.e., primary, secondary, tertiary and quaternary, each level
being more complex than the previous one.

(i} Primary structure of proteins: Proteins may have
one or more polypeptide chains. Each polypeptide in a
protein has amino acids linked with each other in a
specific sequence and il is this sequence of amino acids
that is said to be the primary structure of that protein.
Any change in this primary structure i.e., the sequence
of amino acids creates a different protein.

(i} Secondary structure of proteins: The secondary
structure of protein refers to the shape in which a long
polypepiide chain can exist. They are found to exist in
two different types of structures wviz. oc-helix and
p-pleated sheet structure. These structures arise due
to the regular lolding of the backbone of the polypeptide

O

chain due to hydrogen bonding between |

and

—NH- groups of the peptide bond. B
o-Helix is one of the most common ways in which

a polypeplide chain forms all possible hydrogen bonds

by twisting into a right handed screw (helix} with the

~-NH group of each amino acid residue hydrogen bonded to the
=0 of an adjacent tuwrn of the helix as shown in Fig.10.1.

In B-pleated sheet sbucture all peptide chains are

siretched oul to nearly maximum exlension and then
lald side by side which are held together by
intermolecular hydrogen bonds. The structure resembles
the pleated folds of drapery and therefore is known as
f-pleated sheet.
(itij Tertiary structure of proteins: The tlertiary
structure of proteins represents overall folding of the
polypeptide chains i.e., further folding of the secondary
structure. It gives rise to two major molecular shapes
viz. fibrous and globular. The main forces which
slabilise the 2° and 3° slructures of proleins are
hydrogen bonds, disulphide linkages, van der Waals
and elecirostatic forces of attraction.

fiv) Quaternary structure of proteins: Some of the
proteins are composed of lwo or more polypeptide
chains referred to as sub-units. The spatial
arrangernent of these subunits with respect 1o each
other is known as quaternary structure,

293, Biomolecules



<

N

Primary Secondary
struchure sirucinre

A diagrammatic representation of all these four structures is.
given in Figure 10.3 where each coloured ball represenis an
amino acid.

7\

Terfiary
strocture structure

Fig. 10.3: Diagrarmmalic represenialion of protein structure (o sub-units

Fig. 10.4: Primary,

secondary, terliomy
and quolermany
structures of
haemoglobin

10.2.4 _
Denaturation of
Proteins

Chemisiry _&

of e types in quaternary structure)

&
(a) Pritnary (b} Secondary (c) Tertiary (d} Quaternary
atricture sShmacoure strcture STrucnire
.E .N . R groups
a8 2o W Haeme group

Protein found in a biological sysiem with a unique three-dimensional
structure and biclogical activity is called a native protein. When a
protein in its native form, is subjected to physical change like change
in temperature or chemical change like change in pH. the hydrogen
bhonds are disturbed. Due 1o this, globules unfold and helix get uncoiled
and prolein loses its biological activity. This is called denaturation of



protein. During denaturation secondary and tertiary structures are
destroyed but primary structure remains intact. The coagulation of
egg while on boiling is a common example of denaturation. Another
example is curdling of milk which is caused due to the formation of
lactic acid by the bacteria present in milk.

Intext Cuestions

10.4 The meliing points and solubility in water of amino acids are generally
higher than that of the corresponding halo acids, Explain,

10.5 Where does the water present in the egg go after boiling the egg?

(2.3 Enz ymes

10.3.1 Mechanism

of Enzyme
Action

10.4 itamins

Life is possible due to the coordination of various chemical reactions in
living organisms. An example is the digestion of food, absorption of
appropriate molecules and ultimately production of energy. This process
involves a sequence of reactions and all these reactions occur in the
body under very mild conditions. This occurs with the help of cerlain
biocatalysts called emzymes. Almost all the enzymes are globular
proteins, Enzymes are very specific for a particular reaction and for a
particular substrate. They are generally named after the compound or
class of compounds upon which they work. For example, the enzyme
that catalyses hydrolysis of mallose into glucose is named as maliase.

CypHyp Oy —Maltaze , 2 CgH, 504
Maltose Glucose
Sometimes enzymes are also named after the reaction, where they
are used. For example, the enzymes which catalyse the oxidation of
one subsirale with simultaneous reduction of another substrale are
named as oxidoreductase enzymes. The ending of the name of an

enzyme is -ase.

Enzymes are needed only in small quantities for the progress of a reaction.
Similar to the action of chemical catalysts, enzymes are said to reduce
the magnitude of activation energy. For example, activation energy for
acid hydrolysis of sucrose is 6.22 kJ mol !, while the activation energy is
only 2.15 kJ mol™ when hydrolysed by the cnzyme, sucrase, Mechanism
for the enzyme action has been discussed.

[t has been observed that certain organic compounds are required in
small amounts in our diet but their deficiency causes specific diseases.
These compounds are called vitamins. Most of the vilamins cannot be
synthesised n our body but plants can synthesise almost all of them,
so they are considered as essential food factors. Ilowever, the bacteria
of the gut can produce some of the vitamins required by us. All the
vitamins are generally available in our diet. Different vitamins belong
to various chemical classes and it is difficult to deline them on the
basis of structure. They are generally regarded as organic compounds
required in the diet in small amounts to perform specific
biclogical functions for nermal maintenance of optimum growth
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10.4.1
Classification of
Vitamins
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and health of the organism. Vilamins are designated by alphabets
A, B, C, D, ete. Some of them are further named as sub-groups e.g. By,
B, Bg. By, ete. Excess of vitamins is also harmful and vitamin pills
should not be taken without the advice of doctor.

The term "Vitamine™ was coined from the word vital + amine since
the earlier identified compounds had amino groups. Later work showed
that most of them did not contain amino groups, so the letter ‘e’ was

dropped and the term vitamin is used these days.

Vitamins are classified into two groups depending upon their solubility
in waler or fal.
(i) Fal soluble vitamins: Vitamins which are soluble in fat and oils
but inseluble in water are kept in this group. These are vitamins A,
D, E and K. They are stored in liver and adipose (fat storing] tissues.
Water soluble vitamins: B group vitamins and vitamin C are soluble
in water so they are grouped together. Water soluble vitamins must
be supplied regularly in diet because they are readily excreted in
urine and cannol be stored (except vitamin By, in our body.
Some important vitamins, their sources and diseases caused by

(i)

their deficiency are listed in Table 10.3.

Table 10.3: Some important Vitamins, their Sources and their

Deficiency Diseases

5. Name of
No. Vitamins

Deficiency diseases

1. Vitamin A Fish liver oil, carrots, | Xerophthalmia
butter and milk {hardening of cornea
ol eve)
Night blindness
2. Vitamin B, Yeast, milk, green | Beri beri [losz of appe-
(Thiamine) vegetables and cereals | tite, reiarded growth)
3. Vitamin B, Milk, eggwhite, liver, | Cheilosis (fissuring at
(Ribolavin) kidney corners of moulh and |
lips). digestive disorders |
and buming sensation |
of the skin.
4. Vitamin By Yeast, milk, egg yolk, | Convulsions
(Pyridoxine) cereals and grams
5. Vitamin B,; Meat, [sh, egg and | Permicious anaemia |
curd (RBC  deficient in
haemoglohin)
6. WVitamin C Citrus fruits, amla and | Searvy (bleeding gums) |
[Ascorbic acid) green leafy vegetables
7. Vitamin D Exposure to sunlight, | Rickets (bone deformities
ish and egg yolk in children) and osieo- |
malacia (soft bones and |
joinl pain in adulls) i




8. Vitamin E Vegetable olls lke wheat | Increased [fragilily of
germ oil, sunflower oil, | RBCs and muscular

cle. wealiness
9. Vitamin K Green leafy vegetables Increased blood clotting
time

10.5 Vucleie Heids  Every generation of each and every species resembles its ancestors in
many ways. How are these characteristics transmitied from one
generation to the next? It has been observed that nucleus of a living
cell is responsible for this transmission of inherent characters, also
called heredity. The particles in nucleus of the cell, responsible for
heredity, are called chromosomes which are made up of proteins and
another type of biomolecules called nucleic acids. These are mainly
of iwo types, the deoxyribonucleic acid (DNA) and ribonucleic acid
(RNA). Since nucleic acids are long chain polymers of nucleotides, so
they are also called polynucleotides.

James Dewey Watson

Born in Chicago, [lineods, in 1928, Dr Watson received his Ph.D.
(1950) [rom mndiana Universily in Zoology. He is besl known flor
hiz discovery of the structure of DNA for which he shared with
Francis Crick and Maurice Wilkins the 1962 MNobel prize in
Fhyslology and Medicine. They proposed that DNA molecule takes
the shape of a double helix, an clegantly simple structure hat
resembles a gently twisied ladder, The rails of the ladder are
made of alternating units of phosphate and the sugar deoxyribose;
the rungs are each composed of a pailr of purine/ pyrimidine bases. This
research laid the foundation for the emerging field of molecular biology. The
complementary pairing of nucleolide bases explains how identical copies of
parental DNA pass on to two daughter cells. This research launched a revolution
in biclogy that led to medern recombinant DNA technigues.

10.5.1 Chemieal Complete hydrolysis of DNA (or RNA) yields a pentose sugar. phosphoric
Composition acid and nitrogen containing heterccyclic compounds (ecalled bases), In
of Nucleic DNA molecules, the sugar moiety is [}-D-2-deoxyribose whereas in
Acids RNA maolecule, it is B-D-ribose.

B 5
HOHC 0. OH HOH,C 0) OH

OH OH OH H
f-D-ribose J-D-2-deoxyribose
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DNA contains four bases viz. adenine (A), guanine (G), cytosine (C)
and thymine [T). RNA also contains four bases, the first three bases are
same as in DNA but the fourth one is uracil (U).

rin 1, fi‘f'
C Cﬁm
H ‘E’ \lf H i/
g CH NN O,
Adenine (A) Guanine (G]

S S
ol -
Y SIS

B e HEGNCN Ho N
H ¢ H H
Cytosine (C) Thymaine (T Uracil (L)

10.5.2 Structure A unit formed by lhe attachment of a base lo 1" position of sugar is
of Nucleic  known as nucleoside, In nucleosides, the sugar carbons are numbered
Acids as 1", 2', 3, ete. in order to distinguish these from the bases
(Fig. 10.5a). When nucleoside is linked to phosphoric acid at 5° -position
of sugar moiety, we get a nucleotide (Fig. 10.5].

Fig. 10.5: Structure of {aj a nucleoside and (B a nucleotide

Nucleotides are joined together by phosphodiester linkage between
5 and 3" carbon atoms of the pentose sugar. The formation of a typical
dinucleotide is shown in Fig. 10.6.
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5 end of chain

om
3 g

(fa_:-.'

— Phosphodiester
linkage ‘D—]I“-}
|

sCH, L0

OH

3" end of chain

Fig. 10.6: Formation of a dinucleotide

A simplified version of nucleic acid chain is as shown below,

Base Base Base

— Sugar — Phosphate ~[~ Sugar — Phnsphaie} Sugar —
'iA

Information regarding the sequence of nucleotides in the chain
of a nucleic acid is called its primary structure. Nucleic acids
have a secondary structure also. James Watson and Franeis Crick
gave a double strand helix siructure for DNA (Fig. 10.7). Two
nucleic acid chains are wound about each other and held together
by hydrogen bonds between pairs of bases. The two strands are
complementary to each other because the hydrogen bonds are
[ormed between specilic pairs of bases. Adenine [orms hydrogen
honds with thymine whereas cytosine forms hydrogen bonds
with guanine.

In secondary structure of RNA single siranded helics is present
which somelimes foldsback on itsell. RNA molecules are of three
types and they perform dilferent [unctions. They are named as
messenger RNA (m-RNA), ribosomal RNA (r-RNA) and transfer
RNA (t-RNA).

Fig. 10.7: Double straund helix structure for DNA
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Har Gobind Khorana

Har Gobind Khorana, was born in 1922, He obtained his M.Sc.
degree from Punjab University in Lahore, e worked with Professor
Vladimir Prelog, who moulded Ehorana's thought and philosophy
iowards science, work and effori. After a brief siay in India in
1949, Khorana went back to England and worked with Professor
G.W. Kenner and Professor AR Todd. [ was at Cambridge, UK.
that he got Interested in both proteins and nuclele acids. Dr Khorana shared the
Nobel Prize for Medicine and Physiology in 1968 wilh Marshall Nirenberg and Robert
Halley for cracking the genetic code.

DNA Fingerprinting

It iz known thal every individual has unique fingerprints. These occur at the lips of

the Ffngers and have been used for identificalion for a long time but these can be

aliered by surgery. A sequence of bases on DNA is also unigue for a person and

information regarcding this is celled DNA fingerprinting. It is same for every cell and

cannot be altered by any kneown treatment, DNA fingerprinting is now used

(i) in forensic laboratories for identification of criminals.

(ii] Lo determine paternity of an individual.

{iii) to identily lhe dead bodies in any accident by comparing the DNA's of parenls or
children.

livl to identily racial groups to rewrile biological evolulion.

10.5.3 Biological DNA is the chemical basis of heredity and may be regarded as the reserve
Functions of genetic information. DNA is exclusively responsible for maintaining
of Nucleic  the identity of different species of organisms over millions of years. A
Acids DNA molecule is capable of self duplication during cell division and
identical DNA strands are transferred to daughter cells. Another important
funection of nucleic acids is the protein synthesis in the cell. Actually, the
proteins are synthesised by various RNA molecules in the cell but the
messagde for the synthesis of a particular protein Is present in DNA.
I f_),f} f'[grmgﬁgg Hormones are molecules that act as intercellular messengers. These

are produced by endocrine glands in the body and are poured directly
in the blood stream which transports them to the site of action.

In terms of chemical nature, some of these are steroids, e. g, esirogens
and androgens; some are poly peptides for example insulin and
endorphing and some others are amino acid derivatives such as
epinephrine and norepinephrine.

Hormones have several functions in the body. They help to maintain
the balance ol biological aclivities in the body. The role of insulin in keeping
the blood glucose level within the narrow limit is an example of this
function. Insulin is released in response to the rapid rise in blood glucose
level, On the other hand hormone glucagon tends to increase the glucose
level in the blood. The two hormones together regulate the glucose level
in the blood. Epinephrine and norepinephrine mediate responses lo
external stimuli. Growth hormones and sex hormones play role in growth
and development. Thyroxine produced in the thyroid gland is an fodinated
derivative of amino acid tyrosine. Abnormally low level of thyroxine leads
Chemisiry 300



to hypothyroidism which is characterised by lethargvness and obesity.
Increased level of thyroxine causes hyperthyroidism. Low level of iodine
in the diet may lead to hypothyroidism and enlargement of the thyroid
gland. This condition is largely being conirolled by adding sodium iodide
to commercial table salt ("Todised” salt).

Steroid hormones are produced by adrenal cortex and gonads (testes
in males and ovaries in females). Hormones released by the adrenal cortex
play very important role in the functions of the body. For example,
glucocorticoids control the carbohydrate metabolism, modulate
inflammatory reactions, and are involved in reactions to stress. The
mineralocorticoids control the level of exeretion of water and salf by the
kidney. If adrenal cortex does nol function properly then one of the resulls
may be Addison’s disease characterised by hypoglycemia, weakness and
increased susceplibility to siress. The disease is [atal unless il is trealed by
ghucocorticoids and mineralocorticoids. Hormones released by gonads are
responsible for development of secondary sex characters. Testosterone is
the major sex hormone produced in males. It is responsihble for development
of secondary male characteristics (deep voice. facial hair, general physical
conslitution) and estradiol is the main fermale sex hormone. It is responsible
for development of secondary female characteristics and participates in
the control of menstrual cycle. Progesterone is responsible for preparing
the uterus for implantation of fertilized egg.

latoxt Cuestious
10.6 Why cannol vitamin C be stored in our body?

10.7 Whal products would be formed when a nucleotide from DNA conlaining

thymine is hydrolysed?

10.8 When RNA is hydrolysed, there is no relationship among the quantities of different

bases obtained. What does this fact suggest about the structure of RNA?

Summa ry

Carhohydrates are optcally active polyhydroxy aldehydes or ketones or malecules which
provide such uniis on hydrolysis. They are broadly classilied inlo three groups —
monosaccharides. disaccharides and polysaccharides. Glucose. the most important
source of energy [or mmammals, is oblained by the digestion of starch. Monosaccharides
are held together by glvcosidle linkages to form disaccharides or polvsaccharides.

Proteins are the polymers of about twenfy different gramine acids which are
linked by peptide bonds. Ten amino acids are called essential amino acids because
they cannol be synthesized by our body, hence must be provided through diet. Proteins
perform various structural and dynamic funclions in the organisms. Proleins which
contain only c-amino acids are called simple proteins. The secondary or tertiary
structure of proteins get disturbed on change of pH or temperature and they are not
ahle to perform their functions, This is called denaturation of proteins. Enzymes are
biccatalysts which speed up the reacltions in biosystems. They are very specific and
selective in their action and chemically majorily of enzymes are proteins,

Vitamins are accessory lood [acltors required in the diet. They are classified as
{at soluble (A, D, E and K] and waler soluble (B group and C). Deficiency of vilamins
leads to many diseases.
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Mucleic acids are the polymers of nucleotides which in turn consist of a base,
a penlose sugar and phosphale moiclty, Nucleie acids are responsible for the (ranafer
of characters from parenis to offsprings. There are bwo types of nucleic acids —
DNA and RNA, DNA contains a five carbon sugar molecule called 2-deoxyribose
whereas RNA contains ribose, Boith DNA and RMNA contain adenine, guanine and
eylosine. The lourlh base is lhymine in DNA and wracil in RNA. The struclure of
DNA is a double sitand whereas RNA is a single strand molecule. DNA is the
chemical basiz of heredity and have the coded message for proteins to be synthesised
in the cell. There are three types of RNA — mRNA. rRNA and tENA which actually
carry out the protein synthesis in the cell

Exercises

10.1 Whal are monosaccharides?

10.2 What are reducing sugars?

10.3 Wrile two main [unctions of carbohydrates in plants

10.4 Classily the following into menosaccharides and disaccharides.
Ribose, 2-deoxyribose, mallosc, galaclose, Muclose and lactose.

10.5 Whal do you understand by the term glycosidic linkage?

10.6 Whai is glycogen? How is it dilferent [rom starch?

10.7 What are the hydrolysis producls of
(i) sucrose and {ii] lactose?

10.8 What ia the basic struchural difference between starch and cellulose?

10.9 What happens when D-glucose is trealed with the following reagents?
iy HI (ii) Bromine water (i) HMNO,

10.10 Enumerate the reactions of D-glucose which cannot be explained by its
open chain stucture.

10.11 What are essental and non-essential amino acids? Give two examples of

each type.
10.12 Define the lollowing as relaied io proteins
[i] Peptide linkage {ii) Primary structure ({iii] Denaturation.

10.13 What are the common types of secondary structure of proteins?

10.14 What type of bending helps in stabilising the c-helix structure of proteins?

10.15 Dilferenliale belween globular and fibrous proteins,

10.16 How do you cxplain the amphoteric behaviour of amino acids?

10.17 What are enzymes?

10.18 What is the e¢ffect of denaturation on the struclure of proteins?

10.19 How are vilaming classified? Name the vitamin responsible for the
coagulation of blood.

10.20 Why are vitamin A and vitamin C essential to us? Give their important sources.

10.21 Whal are nucleic acids? Menton their bwo importanl fanctions.

10.22 What is the difference belween a nuclepside and a nucleotide?

10.23 The two strands in DNA are not identical bul are complementary. Explain.

10.24 Write the important stroetural and [unetional differences belween DNA
and RNA.

10.25 What are the different types of RNA found in the cell?
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Answers to Some Questions in Exercises

UNIT 7
7.1 (il 2.2.4-Trimethylpentan -3-0l {11} 5-Ethylheptane -2, 4-dinl
fiii] Butane ~2,3-diol {iv] Propane-1.2,3,-triol
¥} 2- Methylphenal (vi] 4-Methylphenal
fvii} 2,5 — Dimethylphenol fviii) 2,5-Dimethylphenol
fix] 1-Methoxy-2-methylpropane (x}] Ethoxybenzene
xi] 1-phenoxyheptane (xii] 2 -Ethoxybutane
g
7.2 fi) cmql:-m,—cm (ii) O—ﬂl_{rtl:ﬁ—cﬂa
OH OH
OH H £
I 7 C.H,
(iii] HOCH, - CH, - C-CH;- C-CH, {iv)
' 11
CH, CH; C,;H,
(v} 11— O-CH CIL-CIH, (i) CHd-li,'H—IIEH-UH,- CH,
OQC,H, CH,
(I)H
vit) C>—C_H,0H vilt) CHeCH,-C-CH,~CH,
OH
(ix) Q () cfr,mfﬂmmﬂﬂ
CH,CL
7.3 (i) (a] CH,CH,CH,CH,CH,0H, Penlan-1-ok
ihi CEIE‘CH{‘?H“‘EI’L“‘DI'L 2-Methylaan-1-ol:
CH,
On
CH, | |
(c) l:I-l,-'(:J-Cﬂ-Lﬂﬂ. 2 2-Dimethylpropan-1-o1  (d) CH,~CH,-CH-CH-CH,., Penian-3-ol
CH,
{e) C[—Ig—CHZ—(}H—(EHB—CHa. Pentan-3-ol fl CH-CH-CH-CH,. 3-Methylbutan-2-ol
OH CH, OH
CH,
(g D’H;-CH,—(E-OH, 2-Methylbutan-2-ol (k) CH,—?I-I-—EH,—CH,OH.
CH, CH,

7.4 Hydrogen bonding in propanol. 3-Methylbutan-1-ol



7.5 Hydrogen bonding between alcohol and water molecules,
7.8 o-Nilrophenol is steam wvolatile because of intramolecular hydrogen bonding,
7.12 Hint: Carryout sulphonation followed by nucleophilic substitntion.
CH=CH, CHIOH]CH,

7.13 (i) JHH

CH,CI CILOTT

[ii) + NaOH  — O +  HMNaCl

(1) CHJICHJ)CI + NaOH = CHJCHLOH + NaCl
T.14  Reaction with (i) sodium snd (i} sodium hydroxide
7.15 Due to electron withdrawing effect of nitro group and electron releasing effect of methoxy group.
7.20 [i) Hydration of Propene.

(i} By nucleophilic substitution of —Cl in benzyl chloride using dilute NaQOH.

i) C,H,MgBr + HCIIO — C,I,CH,0MgBr —%%C H,CH,0H

CH, CI,
fv) CHMgBr  + CH,COCH, — CH—C—OMgBr —=23 CH~&—0H
(I:IL (I:H,
7.23 (1) 1-Ethoxy-2-methylpropane.
fii] 2-Chlore-1-methoxyethane.
[iii) 4-Nitroanisole.
(iv) 1-Methoxypropane.
(vl 1-Ethoxy-4.4-dimethylcyclohexane.
[vi) EthesybenzZene.
UNIT 8
8.2 [i} 4-Methylpentanal [ii] 6-Chloro-4-ethylbexan-3-one
(iii) But-2Z-enal [iv] Pentane-2 4-dione
(v] 3.3,5-Trimethylhexan-2-one (vl 3,3-Dimethylbutanoic acid
[wil) Benzene —1.4-dicarbaldeliyde
o i
8.3 ) pyc-CH-CH-C-H (i) GJ‘T—D- C-CH;-CH,
O CH,
(i) Hﬁ—@—g—[—l (iv) H;C»'ll‘iﬂhé?—CHs
9]
£ 0 T
[v) H,C-C-CH-CH-CH, (i) H,C-CH-CH-CH,-C-OH
&,
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_ [ 3 [
(vii) HU—O—C—Q—DH [viti) }I,C-CE=C-ClI=CH-C-OH

8.4 (i} Heptan-2-one fii} 4-Bromo-2-methylhexanal {iii) Heptanal
liv] 3-Phenylprop-2-enal [v] Cyclopentanccarbaldehyde (vil Diphenylmethanone
NO, N-OH
i
OCH,
(iti) CH-CEK ooy (vl jNNH—é--N‘H,
HO—CH,
KOII
vl H,C-CH, H-CH-CH, [wi) II—C{DFIHQ
H
OH ]
(lj I
B6 |1 N t N5
(1) Bh H () (8]

0
CH=NNH-GNH, E*.\ CH,
Oy O O

B.7 (d), (), fvil, wil): Aldol condensatior. (U, (i), (ix} Cannizaro reacton. [iv], [vili] Neither.
8.10 2-Fthylhenzaldehyde [draw the structure yourself ),
811 (&) CH,CH,CH,COOCH,CH,CH,CH,. bulyl butanoale.
(B} CH,CH,CH, COOH (C) CH,CH,CH,CH,OH. Write equation yourself.
8.12 (i) M-tert-butyl ketone < Methyl tert-butyl ketome < Acetone < Acetaldehyde
i} CHL,CHCOOH < CH.CH,CH,COOH < CH,CH[BrJCH,COOH < CHCH,CH{BrjCOOH
(iii) 4-Methogybenzoic acid < Benzole acid < 4-Nitrobenzeic acid < 3,4-Dinitrobenzoic acid.

COOK ocl o
8.17 (i) O/ (i) (iid] CJLEH=NNH(%-NH=
0, C
I Non
(iv) CH,COCKHAIC (v _ i) H
CO0 COOH

(vii) CJLCI=C-CHO +m.1'1:3:11 t (viii) CH,CHIOHICH,COOCH,  (ix) O‘D
products

CH,
(x) 1. BH,; 2 H,0,/OH: 8 PCC [(xi) D—O

8,18 The compound is methyl ketone and its structure would be: CH COCH,CH,CH,

SEE ANBWETS...



UNIT 9

9.1 (i} l-methylethylamine or propan-2-amine {if} Propan-l-amine
(ili] W-methyl-2-methylethylamine or N-methylpropan-2-amine (iv] 2-methylpropan-2-amine
(v} N-methylbenzenamine or N-methylaniline (vi) N-Eithyl-N-methylethanamine

[vii} 3-Bromoaniline or 3-Bromobenzenamine
9.4 (i) CHNH, < CHNHCH, < C,H.NH, < (C,H.},NH
lii) C,H.NH, < C_H.N[CH.), < CH;NH, < (CH,),NH
{iii) (a) p-nitreaniline < amiline = p-toluidine
M) CHNH, « CHMNHCH, « CH,CHNH,
(iv) ([CHI N = (CHGlNH > CH-NH, > NHy (v} (CH,NH < C,HNH, < C,HOH
(vi) CgHNH, < (C,H,NH < CHNH,
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