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NCERT Solutions for Class 12 Chemistry
Chapter 13 Amines

NCERT INTEXT QUESTIONS

Question 1.
Classify the following amines as primary, secondary, and tertiary amines

N(CH;),

NH,
(i) (i) (iii) (C;Hs);CHNH, (iv) (C;Hg),NH

Answer:

(i) primary

(i) tertiary

(i) primary
(iv) secondary.

» Question 3.

> (i)Write the structures of different isomeric amines corresponding to the molecular formula,
2 CiHuN.

» (i) Write TUPAC names of all the isomers.

» (iii) What type of isomerism is exhibited by different pairs of amines?

. Answer:
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(i) and (ii) :
Primary amines :
(a) CH,CH._,C [ Butanamine
&> ot ;:I_IICHH’C:.E”"E

Nl{ Butan—2—amine
(c) CH,CH CH HH
I
-l‘."_‘:H3
Z-Methwl propanamine
CH 5
_ I
d) CH, L - ™NH,,
!
CH
Z—Methwyl propan—2—amine
Secondary amines :
(e} CH,CH, —MNH —CH,
- N—Methylpropanamine
D CH; —CH—MNH—CH,
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W yipropan—2—amine
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(h) CH,

MN—CH,CH,
|
CH,
™., N*-—_B]ME’E"[}']EIZ]’IEHE“‘I ine
Ciii) F"ca-s ition isomers : (a) and (b): () and ()

Chain isomers: (a) and (c); (a) and (d); (b) and (c); (b) and (d)
Metamers: (e) and (g); (f) and (g)

Question 3.

How will you convert:

(i) Benzene into aniline

(i) Benzene into N, N-dimethylaniline
(iii) C1(CH,)sCl into hexane-1, 6-diamine
Answer:

(i) Benzene into aniline:

HNO3 ngsn.i sn /HCI
( Nitration) (Redu-:uun}

Benzene Nitrobenzene Aniline
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(ii) Benzene into N, N-dimethylaniline:

N(CHs),
{As given {CH 31 )
—
above ) {2 moles)
Benzene N, N-dimethylaniline

(i) CI(CH,)Cl into hexane-1, 6-diamine:

Cl—(CH;)s—C1 + 4 NHj(alc) — NH,—(CH,)s—NH, + 2NH,4CI
1, 6-Dichlorohexane Hexane-1, 6-diamine

Question 4.
Arrange the following in increasing order of their basic strength:
(i) C,HsNH,,CsHsNH,,NH;,CsHsCH,NH, and(C,Hs), NH

(||) CszN Hz,(Csz)zN H,(CZHS)SN,CGHSN H2

(iii) CHsNH,, (CHs),NH, (CHs):N, CsHsNH,, C¢HsCH,NH,

Answer:

(i) C¢HsNH, < NH; < C4HsCH,NH, < C,HsNH,<(C,Hs),NH

(ii) CeHsNH, < C,HsNH, < (C;Hs)sN <(C,Hs),NH

(i) CsHsNH, < C¢HsCH,NH, < (CHs); N < CH;NH,<(CHs),NH

Question 5.

Complete the following acid-base reactions and name the products
(i) CH;CH,CH,NH, + HC1 —

(i) (C,Hs)sN + HC1 —

Answer:

CH;CH,CH,;NH; + HCl — CH3CH,CH; NH;CI
n-Propylamine n-Propyl ammonium chloride

L] f'_h‘ -
(CZHS):!N + HCl —— (C3Hs)s NH Cl-
Triethylamine Triethyl ammonium chloride

Question 6.

Write the reactions of the final alkylation product of aniline with excess methyl iodide in the
presence of sodium carbonate solution.

Answer:

Aniline is a primary amine. It will react with excess methyl iodide to form quaternary ammonium
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salt as the final product. The reaction is known as Hoffmann’s ammonolysis.

Nen" +
CgHsNH; + CHy—I — [CsHsNH,CH;] I
Aniline N-Methylanilinium iodide

ZICGHjﬁHZ CH:;I]' + Na;CD; — 2CﬁH5NHCH3 + 2Nal + COz
N-Methylaniline
. CH3l
CeHsNHCH;3 o5 CeHsN(CHy),

N-Methylaniline N-, N-Dimethylaniline

N ;
CgHsN(CH3), + CH3—1 — [CoHsN(CHy);]I"
N, N, N-Trimethylanilinium iodide

S -
[CeHsN(CH3)3)I" + Na;CO3 —  [CsHsN(CH;)31CO35~ + 2Nal
N, N, N-Trimethylanilinium carbonate

Question 7.

Write the chemical reaction of aniline with benzoyl chloride and write the name of the product
obtained.

Answer:

Aniline will undergo benzoylation to form a benzoyl derivative. The reaction will take place in the
presence of aqueous alkali.

0 0
|
conbear s () b +we

Benzoyl chloride Aniline N-Phenylbenzamide
(Benzanilide)

Question 8.

Write the structures of the different isomers corresponding to the molecular formula C;H;N. Write

IUPAC names of the isomers which will liberate nitrogen gas on treatment with nitrous acid.
Answer:
Four isomeric aliphatic amines are represented by the molecular formula C;HsN. These are:

32 1 123 - ’/CH_;
() CHyCH,CH,NH, (i) CHgfi?HCH;: (iii) CHsNHC,H; (v) CH3N .,
) 3
NH,
Propan-1-amine Propan-2-amine N-Methylethanamine N, N-dimethylmethanamine
(1% (1°%) (2°%) (3%)

Only the primary amines will evolve N, gas on reacting with nitrous acid (HONO) and form
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corresponding primary alcohols.

3 2 1 3 2 1
CH,CH,CH,NH, + HONO —> CH;CH,CH,0H + N, + Hy0

Propan-1-amine Propan-1-ol

3 2 1
CH3—(.|?HCH3 + HONO —» CH3?HCH3 + N; + Hy0

NH, OH
Propan-2-amine Propan-2-ol

Question 9.

How will you convert:

(i) 3-Methylaniline into 3-nitrotoluene
(i) Aniline into 1,3,5-tribromobenzene ?

Answer:
(i) 3-Methylaniline into 3-nitrotoluene
NH, N,BF; NO,
( Diazotisation ) NaNO3 /Cu
@»CHS NaNO7 /HBF;4 ’ CHy  text CH; + NaBF, + Ny
3-Methylaniline (Diazonium salt) 3-Nitrotoluene

(ii) Aniline into 1,3,5-tribromobenzene
_I..
NEC]_

NH

Bry /Hp0 Br Br Diazotisation BT Br 1Py +1,0
—_— I — —_—
( Bromination) NaNO3 /HCI (Cu) 5

e T
Aniline Br Br
2.4,6-tribromoaniline Diazonium salt 1, 3, 5-tribromobenzene
NCERT EXERCISE

Question 1.

Write IUPAC names of the following compounds and classify them into primary, secondary and
tertiary amines.

(i) (CHs).CHNH,

(i) CHs(CH2),NH,

(iii) CHsNHCH(CHs).

(IV) (CH3)3CNH2

(v) C¢HsNHCH;,

(VI) (CH3CH2)2NCN3

(vii) m-BrC¢H.NH,
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Answer:

1 2 _ 2 3
® CHy—CH-NH, @) CHy—CH,—CH,—NH, @) CH;NH—CH—CH,
1

3CH,4 CH;
Propan-2-amine (1°) Propan-1-amine (1°) N-Methylpropan-2-amine (2°)
1 NH,
CH;
(iv) CH3—1(|2—NH2 (v) CgHsNHCH; (vi) CH3—CH;—N—CH,—CH; (vii)
3(!'2H3 }ZH3 Br

2-Methylpropan-2-amine (1°) N-Methylbenzenamine (2°)  N-Ethyl-N-methylethanamine (3°) 3-Bromobenzenamine (1°)

Question 2.

Give one chemical test to distinguish between the following pairs of compounds :

(i) Methylamine and dimethylamine

(i) Secondary and tertiary amines

(ii) Ethylamine and aniline

(iv) Aniline and benzylamine

(v) Aniline and N-methylaniline. (C.B.S.E. Sample Paper 2015)

Answer:

(i) Methylamine on reaction with nitrous acid evolves N, gas with brisk effervescence while
dimethylamine does not. Methylamine also gives carbylamine reaction upon warming with
chloroform and alcoholic KOH while dimethylamine does not.

(ii) Secondary amines, both aliphatic and aromatic respond to Libermann’s nitroso reaction while
tertiary amines do not.

(i) Aniline responds to diazotisation and coupling reactions to form a dye while ethylamine does
not.

(iv) Aniline gives diazotisation coupling reaction while benzylamine does not.

(v) Aniline gives carbyl amine test with an extremely unpleasant smell while N-Methyl aniline does
not.

Question 3.

Account for the following :

(i) pK, of aniline is more than that of methylamine. (C.B.S.E. Delhi 2008, 2011)

(i) Ethylamine is soluble in water whereas aniline is not. (C.B.S.E. Delhi 2008, 2011)

(iii) Methylamine in water reacts with ferric chloride to precipitate hydrated ferric oxide. (C.B.S.E.
Delhi 2008)

(iv) Although the amino group is o- and p-directing in aromatic electrophilic substitution reactions,
aniline on nitration gives a substantial amount of m-nitroaniline. (C.B.S.E. Sample Paper 2010)
(v) Aniline does not undergo Friedel Crafts reaction. (C.B.S.E. Delhi 2008, Sample Paper 2010,
C.B.S.E. Outside Delhi 2015)

(vi) Diazonium salts of aromatic amines are more stable than those of aliphatic amines.

(vii) Gabriel phthalimide synthesis is preferred for synthesising primary amines.

Answer:

(i) pKs of aniline is more than that of methylamine because aniline is less basic. In aniline, the
electron pair on the nitrogen atom is involved in conjugation with the ring and is less available for
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protonation than in methylamine. Therefore, aniline has more pKo.

Methylamine CH;NH, 45 x 1074 3-38
Dimethylamine (CH1),NH 54 x 104 3-27
Trimethylamine (CH3):N 0-6 x 1074 4-22
Ethylamine C;HsNH; 5-1 % 1074 3-29
Diethylamine (CsHs):NH 10-0 % 104 3-00
Triethylamine (C;HshN 56 x 1074 3-25
Aniline CgHsNH, 42 x 10710 9-38
N-Methylaniline CyHsNHCH; 5-0 x 10°10 9-30
N-Dimethylaniline CeHsN(CHa), 11-5 % 10710 892
Benzylamine CgHsCH,NH, 2:0 x 1073 470

(ii) Ethylamine is water-soluble due to hydrogen bonding. However, in aniline, the phenyl (C¢Hs)
group is bulky in size and has -l effect. As a result, its hydrogen bonding with water is negligible
and is therefore not soluble or miscible with water.

FQHS {J:EHS

5 & & 5 |5

~H-N HO N
H H H

(i) Methylamine forms a soluble hydroxide on reacting with water. The OH- ions released by the
hydroxide combine with Fe3+ions of ferric chloride to give ferric hydroxide or hydrated ferric oxide
which is brown in colour.

A N N
CH3NH; + H—OH — CH;NH; + OH"
Methylamine

2Fe** fag) + 60H (ag) — 2Fe(OH); or Fe,0. 3H,0
(FeCls) (Brown ppt)

(iv) Amino group (-NH,) is an electron releasing or activating group when present on the benzene
ring. It activates the ortho and para positions in the ring towards electrophilic substitution due to
its +M or +R effect. The nitration of aniline carried by nitrating mixture (cone. HNO; + cone. H,S0,)
is electrophilic in nature. The expected product of nitration is a mixture of ortho and para
nitroaniline. However, in this case, a substantial amount of metanitroaniline is also formed. In fact,
aniline being a base gets protonated in the acidic medium to form anilinium cation which is no
longer activating. Rather, it is deactivating in nature and deactivates the ring. The substitution
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takes place at the meta position.

@&
NH, NH; NHz NH,
H* (Acid) HN03¢“1m4 -H"‘
————3
-H;0 NOZ
Aniline Anilinium cation - Nitmanﬂrmmn m-nitroaniline
cation

Thus, the nitration of aniline as such gives a significant amount of m-nitroaniline (47%). In addition
to this, p-nitroaniline

is the major constituent (51%) while ortho isomer is in negligible amount (2%) mainly due to the
reason that the ortho position

is sterically hindered because of the —NH2 group.

NH, NH, NH, NH,
HNO3 /H2804
D=y, O
NO,
NO

Aniline
(31%) (47%) (2%)
In order to check the activation of the ring by an amino group, the nitration of aniline is carried out
indirectly by first
acetylating with acetic anhydride (or acetyl chloride) to form acetanilide. The compound formed is
nitrated by the nitrating

mixture and the isomeric nitro derivatives are then hydrolysed in the acidic medium as discussed
under halogenation.

NHCOCH;
H, NHCOCH; NHCOCH,4
(CH;CD); 0 HN03 804 2 .
—CH3CD{)H
NO,
Aniline Acetanilide o-Nitroacetanilide p-Nitroacetanilide
l H,O/H™* l H,O/H*
NH,
NH,
NO,
NO,
o-Nitroaniline p-Nitroaniline
(Minor) (Major)

(v) Aniline does not undergo Friedel Crafts reaction. Actually, aniline being a Lewis base forms a
complex with AICI3 which is a Lewis acid. The amino group is not in a position to activate the

Eduranka.com/chemistry

///////////////////////////////////////////////////////////////////////////////////////////////////////
»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»

€
LA | A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A
R T e Tl i e T  a  a  a a vpv vV



////////////////////////////////////////////////////////////////////////////////////////////////////////

E-I:::.-__.----:::r—'-.—c-::-

benzene ring towards electrophilic substitution i.e., alkylation or acylation which leads to Friedel
Crafts reaction. Therefore, the reaction is not possible. The same problem arises in phenols as
well.

Cfsﬂsmch — [CeHsNH,] T [AICI;]

Amniline (Lewis acid) Complex
{Lewis base)

(vi) The diazonium salts of aromatic amines are more stable than those of aliphatic amines
because these are resonance stabilised while no such resonance stabilisation is possible in the
corresponding diazonium salts of aliphatic amines.

- @ - -
MR N=N: N=N:
i f—p -+
&

3 (vii) Gabriel phthalimide synthesis is generally preferred over other methods for the synthesis of
. primary aliphatic amines. Potassium phthalimide formed by reacting phthalimide with alcoholic
 KOH reacts with an alkyl halide such as C,Hs-I to form N-alkyl derivative which undergoes

= hydrolysis to form the primary amine. However, no reaction is possible with aryl halide such as

-

® .
N=N:

CeHs-1. Therefore, primary aromatic amines are not formed in the reaction.

Question 4.

Arrange the following:

(a) In decreasing order of the pK, values:
C,HsNH,, CsHsNHCH,, (C.Hs),NH and CsHsNH,

(b) In decreasing order of basic strength:
CsHsNH,, CsHsN(CHs),, (C,Hs);NH and CHs;NH, (C.B.S.E. Delhi 2011, Haryana Board 2013, C.B.S.E.
Outside Delhi 2015)

(c) Increasing order of basic strength
Aniline, p-nitroaniline and p-toluidine

(d) Decreasing order of basic strength in gas phase
C,HsNH,, (C,H,);NH, (C,H5);N and NH;

(e) Increasing order of boiling point
C,HsOH, (CH,).NH, C,H;NH,

(f) Increasing order of solubility in water
C6HsNH,, (C,H;),NH, C,H5NH.,.

Answer:

From K, and PK, values of some Amines:
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Methylamine CH;NH, 45 x 1074 3-38
Dimethylamine (CH1),NH 54 x 104 3-27
Trimethylamine (CH3):N 0-6 x 1074 4-22
Ethylamine C;HsNH; 5-1 % 1074 3-29
Diethylamine (CsHs):NH 10-0 % 104 3-00
Triethylamine (C;HshN 56 x 1074 3-25
Aniline CgHsNH, 42 x 10710 9-38
N-Methylaniline CyHsNHCH; 5-0 x 10°10 9-30
N-Dimethylaniline CeHsN(CHa), 11-5 % 10710 892
Benzylamine CsHsCH,NH, 2:0 x 1073 470

(a) The decreasing order of pK, values or increasing order of basic strength is:
C¢HsNH, > CiHsNHCH; > C,HsNH, > (C,Hs),NH

(b) The decreasing order of basic strength is:
(C;Hs):NH > CH;NH, > C¢HsN(CHs), > QH5NH2

> (c) The increasing order of basic strength is:
1 p-nitroaniline < Aniline < p-Toluidine

(d) The decreasing order of basic strength in gaseous phase.
(C2Hs)sN > (C2Hs),NH > C;HsNH, > NH;

(e) Increasing order of boiling point is:
(C;Hs),NH < C,HsNH, < C,HsOH

(f) Increasing order of solubility in water is :
CsHsNH, < (C.Hs),NH < C,HsNH..

Question 5.

How will you convert

(i) Ethanoic acid to methanamffrie,
(ilHexanenitrile to pentan-l-amine,
(iii)Methanol to ethanoic acid,

(iv) thatfaminft to methanamine,
(v)Ethanoic acid to propanoic acid,
(vi)Methanamine to ethanamine,
(vii)Nitromethane into dimethylamine,
(viii)Propanoic acid into ethanoic acid ?
Answer:

(i) Ethanoic acid to methanamfrie
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NH3 Bry /KOH
C,H;COOH _> C,H;COCl —> CH;CONH; —» CH;3NH,
Ethanoic acid Ethanoyl chloride Ethanamide Methanamine
(ii) Hexanenitrile to pentan-I-amine
H,O0/H"* Bry /KOH
CHg{CHz}qCN — CH4(CH,)CONH; — CH3(CH2}4NH2
Hexanenitrile (Partial hydrolysis) Hexanamide Pentan-1-amine
(i) Methanol to ethanoic acid
(P/12) KCN(alc) H0/H*
CH;0H —> CH;3] —— CH;CN -—-—} CH;COOH
Methanol lodomethane Ethanenitrile Ethanoic acid
(iv) thatfaminft to methanamine
(HONO) (s} (o) Bry /KOH
C;HsNH, —> C;H;0H ——— CH;CHO — CH;COOH h ——35 CH;CONH,——— CH;3NH;,
Ethanamine Ethanol Ethanal Ethanoic acid Methanamine Ethanamide
(v) Ethanoic acid to propanoic acid
LiAlHg Pil2 KCN(alc.) HyO/H*
CH;COOH -[M“—} CH;CH,O0H — CH;CH,l CH;CH,CN — CH3CH,COOH

Ethanoic acid Ethanol Iodoethane Propanenitrile Propanoic acid

(vi) Methanamine to ethanamine

HONO P/ly KCN (ale) 4H
CH3NH,— CH;0H — CH3l — CH;3CN m‘* CH;CH;NH,
Methanamine Methanol lodomethane Ethanenitrile Ethanamine
(vii) Nitromethane into dimethylamine
Hy /Ni CH3CI/KOH 2Hy /Ni
CHg.NU; -_—F CHgNH: —_— CH;N:,C E— CH;NHCHE,
Nitromethane ~ Methylamine Methyl isocyanide Dimethylamine
(viii) Propanoic acid into ethanoic acid
NHj /heat Bry /KOH HONO (0) Q)
CH,CH,COOH — > CH;CH,CONH, — CH;CH,NH; — > CH3CH,0H ——=CH;CHO — CH3COOH
Propanoic acid Propanamide Ethanamine Ethanol Ethanal Ethanoic acid

Question 6.

Describe a method for the identification of primary, secondary, and tertiary amines. Also, write
chemical equations of the reactions involved.

Answer:

The three type of amines can be distinguished by Hinsberg test. In this test, the amine is shaken
with benzene sulphonyl chloride (C¢HsSO-CI) in the presence of excess of aqueous NaOH or KOH.
A primary amine reacts to give a clear solution, which on acidification yields an insoluble
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compound.

RNH, + C,H,SO c::——»c HSO,NHR —*15 C,H,SO,N"RK* —,C_H,50,NHR

(Clear solution) (Insoluble)
A secondar: amine forms an insoluble compound, which remains insoluble even on acidification.
RZNH +C H; SO Cl—-a—rc H,SO,NR, —-}Noreachm

(Insoluble)
A tertiary amine does not react with the reagent, but dissolves is acid.

CsHsS0O,Cl+R3N —OH__, No reaction

R;N+H"— [R,NH}*
{Clear solution )

© Question 7.

> Write short notes on the following:
. (i) Carbylamine reaction
: (i) Diazotisation
> (i) Hoffmann’s bromamide reaction
+ (iv) Coupling reaction
» (v) Ammonolysis
2 (vi)Acetylation
. (vii)Gabriel phthalimide synthesis. (C.B.S.E. Delhi 2011, C.B.S.E. Outside Delhi 2015)

. Answer:

» (i) Carbyl amine 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 test for primary amines.

R— NH,+ CHCl, + 3KOH —1€2t

R— NC +3KCl + 3H,0
Carbylamine =
i foul smell)

(ii) Diazotisation:
Primary aromatic amines such as aniline react with nitrous acid under ice-cold conditions (273 -
278 K) to form benzene diazonium salt. The reaction is known as diazotisation reaction.

+ - + _
NH, NH;CI N=NCI
(273-278K) HONO
+ HCl — (& — = + 2H,0
(ice cold) ! (ice cold) [ |
=
Aniline Amniline hydrochloride Benzene diazonium chloride

In case, the temperature is allowed to rise above 278 K, benzene diazonium chloride is
decomposed by water to form phenol.
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OH
ut
+ H0 —— [~ [l + N + HCI
{above 27T8K)
.
Benzene diazonium chloride Phenol

Aliphatic primary amines also react with nitrous acid to form alkyl diazonium salts in a similar
manner. But these are quite unstable and decompose to form a mixture of alcohols, alkenes, and
alkyl halides along with the evolution of N, gas.

(Tee cold) —
CH;CHsNH; + HONO + HCl ——» [CH;CH;—ﬁ =NCI] + 2H,0
Ethylamine (Unstable)

l

CH;CH,;0H + CH,;=CH, + CH;CH,Cl + N,
Ethyl alcohol Ethylene Ethyl chloride

Aliphatic primary amines also react with nitrous acid to form alkyl diazonium salts in a similar
manner. But these are quite unstable and decompose to form a mixture of alcohols, alkenes, and
alkyl halides along with the evolution of N, gas.

(i) Hoffmann's bromamide reaction:

By Hoffmann degradation of Acid Amides. (Hoffmann Bromamide Reaction). When a primary acid
amide is heated with an aqueous or ethanolic solution of sodium hydroxide and bromine, it gives a
primary amine with one carbon

atom less.
Heat
CHHCGNHE + BTI + 4N30H — CH}NHE + ENEBF -+ NEECD:{, + ZHED‘
Acetamide Methylamine

The reaction is, therefore, regarded as a degradation reaction. For example.
CONH, NH,

+ Br, + 4NaOH — + 2NaBr + Na,CO; + 2H,0

Benzamide Aniline

(iv) Coupling reaction:

The reaction of diazonium salts with phenols and aromatic amines to form azo compounds
having an extended conjugated system with both aromatic rings joined through the = N =N —
bond, is called coupling reaction. In this reaction; the nitrogen atoms of the diazo group are
retained in the product. The coupling with phenols takes place in a mildly alkaline medium while
that with amines occurs under faintly acidic conditions. For example;

R R R T N N N 22
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I PV 8 w = o = wm B =
@ m— @ | 273278K, O
(pH‘)lO)

Benzenediazonium Phenol

chloride

©Or-=riDy-owe

p-Hydroxyazobenzene (orange dye)

<Q>— N=NCI" + Q 2K
pH4 5)

Benzenediazonium Aniline

chloride

p-Aminoazobenzene
(vellow dye)

Na*o3s@ﬁ = NCI"+ @

Diazonium salt of N, N- Dlmcth\lamhne “

sulphanilic acid

273-278 K, H'_

CH,

Nai)35—@-N=N @) N +Hal
Methy! orange CH;

Coupling generally occurs at the p-position with respect to the hydroxyl or the amino group, if free,
otherwise it takes place at the o-position.

(v) Ammonolysis:

The mechanism involves the nucleophilic attack of NH; molecule (through lone pair) on alkyl
halide by an SN, mechanism. Amine salt is formed which reacts with ammonia to give primary
amine and ammonium halide as follows:

ITIK + NH;
NG RLX — RNHX™ T RNH, + NH{X"
Primary amine salt Primary amine

The primary amine formed now acts as the nucleophile and reacts with another molecule of the
alkyl halide to form secondary amine.

NH;

+
RNH, + R—X ~ TeNHX ~—— RyNH + NH;X
, + R—

Primary amine Secondary amine salt Secondary amine
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The reaction is repeated to form tertiary amine and quaternary ammonium salt as follows :
L] + NH':!.
R,NH + R—X —> R;NHX™ T—— R;N + NH;X"
Secondary amine Tertiary amine salt Tertiary amine

oo W o
R;N + R—X — 7 RyNX

Tertiary amine Quaternary amm. salt

(vi) Acetylation:
Acylation of Amines Both aliphatic and aromatic amines form acyl derivatives (substituted acid
amides) with reagents such as acid chlorides, esters, or acid anhydrides. The acylation is carried
out in the presence of a base stronger than pyridine (e.g., NaOH) which can remove the acid
formed in the reaction by neutralising it.
(a) Acylation of Aliphatic Amines: Both primary and secondary aliphatic amines from acyl
derivatives as follows:

0 0

(Base) Il
C;HsNH; + CH3;—C—Cl —* CH3—C—NHC;Hs + HCI

Ethylamine Acetyl chloride N-Ethylacetamide

= {Base)
% (CaHs),NH + CH;—C—Cl — CH3;—C—N(C;Hs); + HCI
. Diethylamine Acetyl chloride N, N-Diethylacetamide

(b) Acylation of Aromatic Amines: Aromatic amines such as aniline can be acylated in the same
manner with both acid
chloride and acid anhydride.

O 0
| (Base) |
CH3—C—CI + HEN R— CHg—C—NH—- + HC1

Acetyl chloride Aniline N-Phenylacetamide or Acetanilide

(Base)
CH;COOCOCH; + H,N — CH;,—C—NH@ + CH;COOH

Acetic anhydride Aniline N-Phenylacetamide or Acetanilide

(vii) Gabriel’s phthalimide synthesis:

In this reaction phthalimide is converted into its potassium salt by treating it with alcoholic
potassium hydroxide. Then potassium phthalimide is heated with an alkyl halide to yield an N-
alkylpthalimide which is hydrolysed to phthalic acid and primary amine by alkaline hydrolysis

B Y e T L a R  ae  aeV R vvu e R T v v v v vV i

e
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NH H
co” 2
Phthalimide
CcO
N_ . GHsl
‘ NK —m
co ™
Potassium
phthalimide
€O\ NaOH_,
NC2H5 (Hydrolysis)
co” e
COOH
+C2H5NH2

COOH  Ethyl amine
Phthalic acid
This synthesis is very useful for the preparation of pure aralkyl and aliphatic primary amines.
However, aromatic primary amines cannot be prepared by this method.

Accomplish the following conversions:

(i) Nitrobenzene to benzoic acid

(i) Benzene to m-bromophenol

(iii) Benzoic acid to aniline

(iv) Aniline to 2, 4, 6-tribromofluorobenzene
(v) Benzyl chloride to 2-phenylethanamine
(vi) Chlorobenzene to p-chloroaniline

(vii) Aniline to p-bromoaniline
(viii)Benzamide to toluene

(ix)Aniline to benzyl alcohol.

Answer:

(i) Nitrobenzene to benzoic acid:

NO, N,Cl C=N COOH
[-[z!hh Diazotisation CuCN 2H0/HT
{Rndlmmn} Pyridine
Nitrobenzene Aniline Benzene diazonium  Cyanobenzene Benzoic acid

chloride
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(ii) Benzene to m-bromophenol'
0, N,ClI OH

@ Nitration Brg {FeBry Dmmnsatmn HIU
Br

Benzene Nitrobenzene m-Bromonitrobenzene Diazonium salt m-Bromophenol

(iii) Benzoic acid to aniline:

COOH CONH, NH,

MH3 Br: /KOH
—_— N
heat

Benzoic acid Benzamide Aniline

(iv) Aniline to 2, 4, 6-tribromofluorobenzene:
N,Cl

S
b
S
b
S
b
S
b
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
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S
S
S
S
5
B
5
B
5
B
5
B
5
B
5
B
5
B

Ty

Ty

Ty

Ty

Ty

Ty

Ty

Ty

Ty

Ty

Ty

Ty

Ty

. F

Ty

Ty

Ty

Ty

= Br Br

= Br

Ty

2 BI'Z lag D1a.musa.~:u:m HEF4

Ty

Sy

Ty

o Exccsa hﬂﬂl

Ty

Sy
: B
; T
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b
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S
b

Aniline 2. 4, 6-tribromobenzene Diazonium salt 2, 4, 6-tribromofluorobenzene

(v) Benzyl chloride to 2-phenylethanamine:
CH,Cl CH,CN CH,CH;NH,

KCN 4( H)
- Kﬂl Na.f alcohol
Benzyl chloride Benzyl cyanide 2-Phenylethanamine

(vi) Chlorobenzene to p-chloroaniline:

Cl Cl
Nitration Snf HCI
—
Rur.luc.:mn
NO,

Chlorobenzene p-chloronitrobenzene p—chlomamlme

Luyuilalina.culiiyuiiciinou y
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> (vii) Aniline to p-bromoaniline:

; NH, NHCOCH, NHCOCH; NH,

; Hy0/O0H™

; (CHJ‘CG]zD Brg /CH3COOH

Br Br
Aniline Acetanilide p-Bromoacetanilide p-Bromoaniline

. (viii)Benzamide to toluene :

3 CONH, NH N,Cl CHjy

S Bry /KOH Dma.mnsannn HgPﬂz H30 CH3Cl

; — —_—

: Anhyd AICl3

Benzamide Aniline Diazonium salt Benzene Toluene
(ix)AniIine to benzyl alcohol:

3 N,Cl C=N CH,NH, CH,OH

. S Dmmnsaum CuCN 4H HONO

. — s

> P}ITII:']IIE Ma/alechol

Aniline Diazonium salt Cyanobenzene Benzyl amine Benzyl alcohol

> Question 9.

. Give the structures of A, B, and C in the following reactions:

NaCN OH™ NaOH +Bry

> (i) CH;CH,I > A > B > C

2 Partial hydrolysis

- CuCN  HaO/H™  NHj : ;
2 (i) CgHsN;Cl >A »B—>C (C.B.S.E. Outside Delhi 2013)
. KCN LIAH;  HNO;

(i) CHyCHBr —>A »B povs »C

Fe/HCI NaNO+HCl  Hz0/H* .
2 (iv) CgHsNOy —— A —— B »C (C.B.S.E. Outside Delhi 2013)
s K A

E NH3 NaOBr NagNO/HC]

(v) CH;COOH " > A >B —C

> Answer:

» Eduranka.com/chemistry
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Fe/HCl HNO; CgHs0H
(vi) CgHsNO, > A pr >B — C

NaCN OH™ Bry /NaOH

r} CHgCHgI —_— CH;CH:CN ———> CH3CH2CUNH2 —_— CH;CHENHQ

Partial hydrofysis

Ethyl iodide Ethyl cyanide (A) Propionamide (B) Ethylamine (C)

CuCN HaO/H" NH3
(i) CgHsN,Cl — CgHsCN — CgHsCOOH —;'*-r CsHsCONH,
cat
Benzene diazonium Cyanobenzene (A) Benzoic acid (B) Benzamide (C)
chloride

KCN LiAlHg HNO3
(iii) CH3CH,Br — CH;3CH,CN — CH3;CH,CH;NH, (T} CH,CH,CH,0H

Ethyl bromide Ethyl cyanide (A) n-Propylamine (B) n-Propyl alcohol (C)

Fe/HCI NaNO4 /HC1 Hj o/Ht
iv) CsHsNO; —> CeHsNH, — - CeHsN;Cl —_— CgHsOH
Nitrobenzene Aniline {A) Diazonium salt (B) Phenol (C)

b
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- NH3 NaQBr MNaNO7 /HCl
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(v) CH;COOH -;m—:r CH;CONH, —* CH;NH, —— (CH,0H
Acetic acid Acetamide (A) Methylamine (B} Methyl alcohol (C)

Fe/HCl HNO» CgHsOH
ﬁ"ﬂ CﬁI‘leDz _— CﬁHﬁNHZ CﬁHjNi‘Cl EE— CGH_G,N NC@{DH]P

Nitrobenzene Aniline (A) Diazonium salt (B) p-Hydroxazobenzene (C)

Question 10.

structures and IUPAC names of compounds A, B, and C.

Answer:

with Br, KOH, therefore, compound ‘B’ must be an amide and ‘C’ must be an amine.
The only amine having the molecular formula CsH;N, i. e., C¢HsNH is aniline.

Since ‘C’ is aniline, therefore, the die amide from which it is formed must be benzamide

with aqueous ammonia and heating, therefore, compound ‘A’ must be benzoic acid.

Question 11.
Complete the following reactions:
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An aromatic compound ‘A’ on treatment with aqueous ammonia and heating forms compound ‘B’
which on heating with Br, and KOH forms a compound ‘C’ of molecular formula CsH;N. Write the

Since the compound ‘C’ with molecular formula CsH;N is formed from compound ‘B’ on treatment

(CéHsCONH,). Thus, compound ‘B’ is benzamide. Since compound ‘B’ is formed from compound ‘A’
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(i) CsgHsNH; + CHCl; + alc. KOH— (i) CgHsN,Cl + HyPO; + H;O0 —
(iii) CgHsNH; + H,S804 (conc,) —> (iv) CgHsN,Cl + C;H:OH —>
(v) CgHsNH; + Br; (ag) — (vi) CsHsNH, + (CH;C0),0 —>
(i) HBFy
(vii) CgHsN,Cl (ﬁmﬂ
Answer:

(i) CeHsNH, + CHCl; + 3KOH(alc.) —» CgHsN=SC + 3KCl + 3H,0
(i) CgHsN,Cl + H3PO, + Hy0 —> CgHg + H;PO; + N, + HCI
(iii) CgHsNH, + H,S0, (conc.) —» (pPNHy) CgHy(SO5H)
(iv) CgHsN,Cl + C;HsOH —> CgHg + CH;CHO + N, + HCI
(v} C¢HsNH, + Br, (ag) —> CgHs(Br);NH, + 3HBr
(vi) C4HsNH, + (CH;C0),0 —> CsHsNHCOCH; + CH;COOH

(i) HBFy

..
(vii) CgHsN,Cl i NaNDgIC: CsHsNO, + NaBF; + N,

Question 12.

Why cannot aromatic amines be prepared by Gabriel’s phthalimide reaction? (C.B.S.E. Sample
Question Paper 2012, H.P. Board2017)

Answer:

In Gabriel phthalimide reaction, the potassium salt of phthalimide is formed. It readily reacts with
an alkyl halide to form the corresponding alkyl derivative.

CO O
@; \NK heat xN R 4 KX
+R—X — —R 4
o~ o

Pot. phthalimide N-Alkyl phthalimide
But it is not in a position to react with the aryl halide in case primary aromatic amine is to be
prepared. Actually, the cleavage of C — X bond in haloarene or aryl halide is quite difficult due to
partial double bond character. Therefore, aromatic amines cannot be prepared by this method.

C 0\ heat

_NK 4+ CgH;—X — No reaction
0]

Pot phthalimide Haloarene

Question 13.

How do aromatic and aliphatic primary amines react with nitrous acid?

Answer:

Reaction with nitrous acid. All three types of amines, aliphatic as well as aromatic, react with
nitrous acid under different conditions to form a variety of products. Since nitrous acid is highly
unstable, it is prepared in situ by the action of dilute hydrochloric acid on sodium nitrite.

Eduranka.com/chemistry
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(a) Primary aliphatic amines react with nitrous acid at low temperature (cold conditions) to form
primary alcohol and nitrogen gas accompanied by brisk effervescence. Nitrous acid is unstable in
nature and is prepared in situ by reacting sodium nitrite with dilute hydrochloric acid. For example,

273-278K

C,HsNH; + HONO — C;Hs0H + N; + H;0

Ethylamine Ethyl alcohol ‘
The reaction js used as a rest for primary aliphatic amines as no other amine evolves nitrogen with :
nitrous acid.

+ = +
NH, NH;CI N=NCI
(273-278K) HONO
+ HCl ——— — = + 2H,0
{ice cold) ! {ice cold) [ |
R
Aniline Aniline hydrochloride Benzene diazonium chloride

(b) Primary aromatic amines such as aniline react with nitrous acid under ice cold conditions
(273—278 K) to form benzene diazonium salt. The reaction is known as diazotisation reaction.

+ -
N=NCI OH
H +

ot

+H,0 ———> || + N2 + HCI
{above 2THK) ~
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In case, the temperature is allowed to rise above 278 K, benzene diazonium chloride is
decomposed by water to form phenol.

(Ice cold) _
CH;CHsNH; + HONO + HCl ——» [CH;CH;—ﬁ =NCIl] + 2H,0
Ethylamine (Unstable)

l

CHjCHgGH + CH1=CH2 + CHjCH:Cl + Nz
Ethyl alcohol Ethylene Ethyl chloride

Aliphatic primary amines also react with nitrous acid to form alkyl diazonium salts in a similar
manner. But these are quite unstable and decompose to form a mixture of alcohols, alkenes, and
alkyl halides along with the evolution of N2 gas.

Question 14.

Give plausible explanation for each of the following :

(i) Why are amines less acidic than alcohols of comparable molecular masses ?

(ii) Why are primary amines higher boiling than tertiary amines ?

(iii) Why are aliphatic amines stronger bases than aromatic amines ? (H.P. Board 2008)

Answer:

(i) The acidic character in the both in cases is due to the release of H+ion. Now, the anion in case
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of amine
R—NH; — R—NH™ + H™
Amine
R—OH — R—0O + HT
Alcohol

has a negative charge on the nitrogen atom while the anion formed in case of alcohol has negative
charge on the oxygen atom. Since oxygen is more electronegative than nitrogen atom, the
negative charge can be accomodated easily on oxygen than on nitrogen in these anions. In other
words, RO" ion is more stable than RNH" ion. Consequently, alcohol is a stronger acid than amine.
Please remember that even alcohols are very weakly acidic so much so that they donot turn blue
litmus red.

(ii) Primary amines are higher boiling than tertiary amines due to the presence of intermolecular
hydrogen bonding in their molecules. Since tertiary amines (RsN) have no hydrogen atom present,
these are not involved in any such hydrogen bonding. For example, the boiling point of n-
butylamine (CH;CH,CH,CH;NH,) is 322 K while that of trimethylamine (CH;); N is 276 K.

Lt )
B N R

H H H R
{Intermolecular H-bonding) (Mo H-bonding)

(i) In the aromatic amines, (lie secondary and tertiary amines are more basic than aniline.
Actually, the basic strength or the electron releasing tendency of an amine depends upon the
following factors.

1. The ability of the nitrogen atom to donate a pair of electrons.
2. The stability of cation by accepting the pair of electrons.

Any factor which tends lo increase the electron releasing tendency of amine or increase the
stability of the cation, will tend to increase the basic strength of amine.
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