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CBSE Class-12 Subject Chemistry
NCERT Solutions
Chapter - 13
Amines

In-text question

1. Classify the following amines as primary, secondary or tertiary:

NH,

1)

MN(C H'-.]:

(iD)

(i) (C,H. ), CHNH,

(v) (C,H;),NH

Ans. Primary: (i) and (iii)

Secondary: (iv)

Tertiary: (ii)

2. (i) Write structures of different isomeric amines corresponding to the molecular
formula, C . H /N

(i1) Write IUPAC names of all the isomers.
(iii) What type of isomerism is exhibited by different pairs of amines?
Ans. (i), (i) The structures and their IUPAC names of different isomeric amines
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corresponding to the molecular formula, C.H,IN are given below:

Butanamine |17

NH,

&

(b)
CH.-CH,- CH -CH.

Butan-2-amine (17

CH;
(©)
CH.- CH -CH,-NH,

2-Methylpropanamine {17

CH;
@ CH,- C -NH,
CH;

2-Methylpropan-2-amine (1}
(e) CH.-CH,-CH,-NH-CH,
N-Methylpropanamine | 2]

(® CH.-CH,-NH-CH,-CH,
N-Ethylethanamine ( 27

CH

[FE]

@)
CH.-CH-NH-CH,

N-Methylpropan-2-amine | 27|
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CH:

) _
CH.-CH,- N -CH.

N, N-Dimethylethanamine | 37

(iii) The pairs (a) and (b) and (e) and (g) exhibit position isomerism.

The pairs (a) and (c); (a) and (d); (b) and (c); (b) and (d) exhibit chain isomerism.

The pairs (e) and (f) and (f) and (g) exhibit metamerism.

All primary amines exhibit functional isomerism with secondary and tertiary amines and
vice-versa.

3. How will you convert?

(i) Benzene into aniline

(ii) Benzene into N, N-dimethylaniline

(iii) C1- [ CH, _'] . -] into hexan-1, 6-diamine?

Ans. (i)
N, NH,
HNO,/ H:SGJ, H Pd
(Mitration) [:thann]
Benzena Aniline
(>i1)
H (H,
NO ..-"" " e
"“"* " CH;y
HT\D;.-' H:SD4 - H.-"]'I:l 'lHH {.-'] {. H 1:]
(Mitratian) Eﬂmrml
Benzena Aniling

N, N, - Dimethyvlaniline
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(iii)

Ol (ehyy— o SRaeie Bty om0 (CHg) =€ =N

1, 4 = Dhehlorobutane
Ha/MNi

HN - CH; — (CHy)y - CH; — NH;

Hexane -1,6 - diamins

4. Arrange the following in increasing order of their basic strength:
» C.H.NH,.C.H.NH, NH,.C.H.CH.NH, and ['_C:Hi_'lzl\—l-[
(ii) C:HiffH::['_CzHi_'I: NH, ['_C:Hi_'l_: N.C.H.NH,

(i) CH.NH.,.( CH_:_'I: ?h—l{:['_CH_:_'I_: N.C.H.NH,.C.H.CH,NH,.

Ans. (i) Considering the inductive effect of alkyl groups, NH..C,H.INH, and

[
-

['_C:Hi _'I: NH can be arranged in the increasing order of their basic strengths as:
NH. < C,HNH, <(C,H;), NH

Again, C.H.INH, has proton acceptability less than NH. . Thus, we have:
C.H,NH, < NH, <C,H.NH, <(C,H, ), NH

Due to the - I effect of C.H. group, the electron density on the N-atom in C.H.CH,NH, is
lower than that on the N-atom in :Hifﬂ-[: , but more than that in ?ﬂ-[s . Therefore, the

given compounds can be arranged in the order of their basic strengths as:
C.H,NH, < NH, < C.H.CH,NH, < C,;H.NH, «(C,H.) NH

(ii) Considering the inductive effect and the steric hindrance of the alkyl groups,
C,H.NH,.(C,H. |2NH, and their basic strengths as follows:
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C,H.NH, <(C,H,), N <(C,H,), NH

Again, due to the - R effect of C'.H. group, the electron density on the N atom in C.H.NH,
is lower than that on the N atom in C,H.NH,. Therefore, the basicity of C.H.INH, is
lower than that of C,H.INH,. Hence, the given compounds can be arranged in the

increasing order of their basic strengths as follows:
C.H.NH, < C,H.NH, < (C,H.).N < (C,H.), NH

(ii1) Considering the inductive effect and the steric hindrance of alkyl groups,
CH.NH,.(CH, ), NH,and.(CH ;). N .can be arranged in the increasing order of their

basic strengths as:
(CH;), N<CH,NH, <(CH, ), NH

In C.H.INH,, N is directly attached to the benzene ring. Thus, the lone pair of electrons on
the N - atom is delocalized over the benzene ring. In C.H.CH,NH,, N is not directly

attached to the benzene ring. Thus, its lone pair is not delocalized over the benzene ring.

Therefore, the electrons on the N atom are more easily available for protonation in

C.H.CH,NH,thanin C.H.NH, ie, C.H.CH,NH,is more basic than C.H.NH, .

Again, due to the - I effect of C_H. group, the electron density on the N - atom in
C.H.CH,INH,is lower than that on the N - atom in (CH; |, N . Therefore, (CH; |, Nis
more basic than C.H.CH,NH,. Thus, the given compounds can be arranged in the

increasing order of their basic strengths as follows.

C.H. < C.H,CH,NH, <(CH,), N < CH,NH, <(CH,), NH

5. Complete the following acid-base reactions and name the products:

() CH.CH,CH,NH, +HCI™

i) (C,H,), N+HCI™
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Ans. (i)

CH.CH,CH,NH,+HCl—— CH,CH,CH, TCH a
1-Pr ﬁpﬂa min 2 n—Fr ﬁpiauunﬁmum-:hlﬁnﬂ=

(iD)

(C,H;),N+HO—— (C.H, ],TCH Cl

Tristhyia mine Trieme Lhﬂauunumum-:hl onde

6. Write reactions of the final alkylation product of aniline with excess of methyl iodide

in the presence of sodium carbonate solution.

Ans. Aniline reacts with methyl iodide to produce N, N-dimethylaniline.

H CH
5 el
NH, N N
™~ CH; T~(CH;
I:'qu {:H:|
—f- - e
Aniling N, N — Dimethylanilineg

With excess methyl iodide, in the presence of Na,(O,solution, N, N-dimethylaniline

produces N, N, N-trimethylanilinium carbonate.

coe= ===

{CHy

..-*"'" 1
""-llH bl MiICHy )
I~ CH,
"'-.a '-L IJ L j
+ [CHyl =———= CO™™ & INal
5
MM - Dimetlwlamnmbina WM N - Toomsethy ol mum wodide M, N, N = Trmethy lamlimum Carbonane

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

product obtained.

Ans.
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| R
L H
: . Basa t":
N=—H —_— | —— T —L'_tl
| ¢l | B
0 iH -
Aniline Benzovl chlomde l

|l
H O

N = Phenylbenzanide

8. Write structures of 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.

Ans. The structures of different isomers corresponding to the molecular formula, C.H_ N

are given below:
(a) CH, —CH, -~ CH, — NH,
Propan-1-amine 17|

(b)
INH:

CH. - CH-CH,

Propan-2-amine |17

(©
CH.-NH-C,H.
N-Methylethana mine =)

(d)
CH;
CH,- N -CH,
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N, N-Dimethylmethanamine | 3]

1% amines, (a) propan-1-amine, and (b) Propan-2-amine will liberate nitrogen gas on

treatment with nitrous acid.

CH.CH,CH,NH,+HNO, ——CH.CH,CH,OH+ N, + HCL

Prnp an—l-amine Br opan—1-ol

CH,-CH-CH,+HNO, —— CH,-CH-CH,+ N, +HC(Cl

NH,; OH
Propan—-2—amine Propan—2—ol
9. Convert

(i) 3-Methylaniline into 3-nitrotoluene.
(ii) Aniline into 1, 3, 5-tribromobenzene.
Ans. (i)

i, Nl

TR K
+ ahi, o 2HC| —» * Mall + 2H,0

CHs CH;
3 — Methylaniline llllih

MaBF;
AT i '-. NGO
I E 4 o+ N3 {. g ﬂ

Mitrotoduene

(i)
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NH; NH; A
Br Bl Br B
Bra/Hy0 NaNO,/HC
Wi EhL AL LTS
-3 HBr
Aniline Br Br
[[Jtilll_qﬁll
Br Br
B

1, 3, 5 = Tribromobenzene

Chapter End Question

1. Write IUPAC names of the following compounds and classify them into primary,

secondary and tertiary amines.

(@ (CH, _'I: CHNH,

(i) CH;(CH, ), NH,

(i) CH,NHCH| CH, .'I:

(iv) (CH, _'I_: CNH,

(v) C.H.NHCH,

(vi) (CH,CH, _'I: NCH,

(vii) m —BrC.H.NH,

Ans. (i) 1-Methylethanamine (1 amine)

(ii) Propan-1-amine (1 amine)

(>iii) N-Methyl-2-methylethanamine ( 2 amine)
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(iv) 2-Methylpropan-2-amine (] “ amine)
(v) N-Methylbenzamine or N-methylaniline ( 2%amine)
(vi) N-Ethyl-N-methylethanamine ( 3 ¢ amine)

(vii) 3-Bromobenzenamine or 3-bromoaniline (1< amine)

2. Give one chemical test to distinguish between the following pairs of compounds.
(i) Methylamine and dimethylamine

(ii) Secondary and tertiary amines

(>iii) Ethylamine and aniline

(iv) Aniline and benzylamine

(v) Aniline and N-methylaniline.

Ans. (i) Methylamine and dimethylamine can be distinguished by the carbylamine test.

Carbylamine test: Aliphatic and aromatic primary amines on heating with chloroform and
ethanolic potassium hydroxide form foul-smelling isocyanides or carbylamines.
Methylamine (being an aliphatic primary amine) gives a positive carbylamine test, but

dimethylamine does not.

(ii) Secondary and tertiary amines can be distinguished by allowing them to react with

Hinsberg's reagent (benzenesulphonyl chloride, C.H.S0O,C1).

Secondary amines react with Hinsberg's reagent to form a product that is insoluble in an
alkali. For example, N, N - diethylamine reacts with Hinsberg's reagent to form N, N -
diethylbenzenesulphonamide, which is insoluble in an alkali. Tertiary amines, however, do

not react with Hinsberg's reagent.

(>iii) Ethylamine and aniline can be distinguished using the azo-dye test. A dye is obtained
when aromatic amines react with HNO, ( NalNO, +dil HCI Jat o —5°C, followed by a

reaction with the alkaline solution of 2-naphthol. The dye is usually yellow, red, or orange in
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colour. Aliphatic amines give a brisk effervescence due (to the evolution of 1N, gas) under

similar conditions.

273278 N

NH> + HONO = - N== NCI"+ 2H.0
{0 Hemrenoduronnnn clhilonde
OH
F.II'«.I ¥
e ""'"I"'"“" | — Phenylass — 2 — naghithal

il
1, O EEe v

2 = Maphthol
CH.CH, -NH, +HONO—=C H.OH+N, T+H,0

(iv) Aniline and benzylamine can be distinguished by their reactions with the help of nitrous
acid, which is prepared in situ from a mineral acid and sodium nitrite. Benzylamine reacts

with nitrous acid to form unstable diazonium salt, which in turn gives alcohol with the

evolution of nitrogen gas.

SaMs = HiU J *
CaHUH- BMH: + HMNO: - Il JHl H~ MLl I
i Unatabla)

lu_.::

Maf v LU O o« Ml
Benevl alcohal

Benev Larmine

On the other hand, aniline reacts with H:‘:D: at a low temperature to form stable diazonium

salt. Thus, nitrogen gas is not evolved.

C.H.NH, 2958 0 g, —N, €1+ NaCl + 2H,0

IT3-2TRE (s

(v) Aniline and N-methylaniline can be distinguished using the Carbylamine test. Primary
amines, on heating with chloroform and ethanolic potassium hydroxide, form foul-smelling

isocyanides or carbylamines. Aniline, being an aromatic primary amine, gives positive
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carbylamine test. However, N-methylaniline, being a secondary amine does not.

3. Account for the following:
(i) pKD of aniline is more than that of methylamine.
(ii) Ethylamine is soluble in water whereas aniline is not.

(iii) Methylamine in water reacts with ferric chloride to precipitate hydrated ferric

oxide.

(iv) Although amino group is o, p- directing in aromatic electrophilic substitution

reactions, aniline on nitration gives a substantial amount of m-nitroaniline.

(v) Aniline does not undergo Friedel-Crafts reaction.

(vi) Diazonium salts of aromatic amines are more stable than those of aliphatic amines.
(vii) Gabriel phthalimide synthesis is preferred for synthesising primary amines.

Ans. (i) pKbof aniline is more than that of methylamine:

M-

CHy — NH;
Aniline Sethylamine

Aniline undergoes resonance and as a result, the electrons on the N-atom are delocalized

over the benzene ring. Therefore, the electrons on the N-atom are less available to donate.

"'-..H- {4 "'-.H-u “*-.H-n MH -

GG 453

On the other hand, in case of methylamine (due to the +I effect of methyl group), the electron
density on the N-atom is increased. As a result, aniline is less basic than methylamine. Thus,

pKb of aniline is more than that of methylamine.

Material downloaded from myCBSEguide.com. 12/38


http://mycbseguide.com/

@ myC BSEguide.com

% A Complere guide for CREE stwaenis

(il)Ethylamine is soluble in water whereas aniline is not:

Ethylamine when added to water forms intermolecular H - bonds with water. Hence, it is

soluble in water.

------ Me——H -mmmee Qe Hemmree Ne—— H - mmmee ——H - ===

CaHy H CaH, H

Ethy il amuns

But aniline does not undergo H - bonding with water to a very large extent due to the

presence of a large hydrophobic - C6H5 group. Hence, aniline is insoluble in water.

“H

Aneline

(iii)Methylamine in water reacts with ferric chloride to precipitate hydrated ferric

oxide:
CHy; —»=— NH- H—OH
Methylamine Water

Due to the +I effect of - ('H group, methylamine is more basic than water. Therefore, in

water, methylamine produces OH - ions by accepting H+ ions from water.
CH, -NH,+H-OH —— CH,-NH, +OH-
Ferric chloride ( FeCl, | dissociates in water to form Fg* g ([ ions.
FeCl, —— Fe™ + 3ClI
Then, OH - ion reacts with Fe3+ ion to form a precipitate of hydrated ferric oxide.

2Fe + 60OH

» Fe,0,-3H,0
Hvdrated
ferric oxide
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(iv)Although amino group is o, p - directing in aromatic electrophilic substitution

reactions, aniline on nitration gives a substantial amount of m-nitroaniline:

Nitration is carried out in an acidic medium. In an acidic medium, aniline is protonated to

give anilinium ion (which is meta-directing).
MNH 5 NH NHa
H* HNO;,

NO,

Amiline Amibimnam on rp-Tdiiroan ine {47%5)

For this reason, aniline on nitration gives a substantial amount of m-nitroaniline.
(v)Aniline does not undergo Friedel-Crafts reaction:

A Friedel-Crafts reaction is carried out in the presence of 4/CI.. But A/Cl is acidic in
nature, while aniline is a strong base. Thus, aniline reacts with _4/( .i'_: to form a salt (as

shown in the following equation).

NHS JAICH,

Salt

Due to the positive charge on the N-atom, electrophilic substitution in the benzene ring is

Ambine

deactivated. Hence, aniline does not undergo the Friedel-Crafts reaction.
(vi)Diazonium salts of aromatic amines are more stable than those of aliphatic amines:

The diazonium ion undergoes resonance as shown below:

By

This resonance accounts for the stability of the diazonium ion. Hence, diazonium salts of
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aromatic amines are more stable than those of aliphatic amines.
(vii)Gabriel phthalimide synthesis is preferred for synthesising primary amines:

Gabriel phthalimide synthesis results in the formation of 1° amine only. 2° or 3° amines are
not formed in this synthesis. Thus, a pure 1° amine can be obtained. Therefore, Gabriel

phthalimide synthesis is preferred for synthesizing primary amines.

4. Arrange the following:
(i) In decreasing order of the pKbvalues:
C,H.NH,.C,HNHCH,. (C,H;), NHand C H.NH,
(i) In increasing order of basic strength:
CHNH,, CHN(CH,),, (C,H,), NHand CH,NH,
(>iii) In increasing order of basic strength:
(a) Aniline, p-nitroaniline and p-toluidine
®) CH.NH,, C.HNHCH,, C,H.CH,NH,.
(iv) In decreasing order of basic strength in gas phase:
C,H.NH,, (C2H5)2NH, (C,H; |, Nz and NH,
(v) In increasing order of boiling point:
C,H.OH, (CH,),NH, C,H.NH,
(vi) In increasing order of solubility in water:

1

CHNH,, (C,H,),NH, CH.NH,.

Ans. (i) InC,H.NH,, only one - C,H . group is present while in |'_C:Hi _llﬂ NH , two -
C,H . groups are present. Thus, the +I effect is more in (4. |, NH than inC,H.NH,.
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Therefore, the electron density over the N-atom is more in ['C:Hi |. NH than in

C,H.NH,.Hence, (C,H. ], NH ismore basic than C,H.NH .

Also, both C.H . NHCH.and C.H.NH, are less basic than ['_C' H. _'|, NH and
C'.H.NH,due to the delocalization of the lone pair in the former two. Further, among
C.H.NHCH and C.H.NH,, the former will be more basic due to the +T effect of - CH

group. Hence, the order of increasing basicity of the given compounds is as follows:
C.H,NH,< C.H.NHCH,<C,H.NH, < (C,H,), NH

We know that the higher the basic strength, the lower is the pKb values.
C.H,NH,> C.H.NHCH,> C,H.NH,> (C,H,), NH

() C.H.N(CH, .']: is more basic than C.H.NH, due to the presence of the +I effect of
two -CH3 groups in C.H,N(CH, _'j:. Further, CH,NH, contains one - C'H; group while
(C,H;),NH contains two - C,H; groups. Thus, (C,H;), NH is more basic than
C.H.NH,.

Now, C.H.N|[CH. ), is less basic than CH3NH2 because of the-R effect of - C.H. group.

Hence, the increasing order of the basic strengths of the given compounds is as follows:

C.H.NH, < C.H,N(CH,),< CH,NH,< (C,H,), NH

(iii) (a)

NH NH ~NH-

Ly Pl
F=Tolurdine Aniline p=Mitrocamling

In p-toluidine, the presence of electron-donating -C‘HE group increases the electron density
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on the N-atom.
Thus, p-toluidine is more basic than aniline.
On the other hand, the presence of electron-withdrawing

-_"'-."{:F: group decreases the electron density over the N-atom in p-nitroaniline. Thus, p-

nitroaniline is less basic than aniline.

Hence, the increasing order of the basic strengths of the given compounds is as follows:
p-Nitroaniline< Aniline <p-Toluidine

(b) C.H.NHCH, is more basic than C.H.NVH , due to the presence of electron-donating -

CH,groupin C.H . NHCH..

Again, in C.H . NHCH., - C.H. group is directly attached to the N-atom. However, it is not
so inC.H. NH,NH,. Thus, in C.HF . NHCH,, the -R effect of - C. /7, group decreases the
electron density over the N-atom. Therefore, C.H.NHCH, is more basic than
C.H.NHCH,.

Hence, the increasing order of the basic strengths of the given compounds is as follows:
C.H.NH, < C.H,NHCH, <C.H.NH,NH,.

(iv) In the gas phase, there is no solvation effect. As a result, the basic strength mainly
depends upon the +I effect. The higher the +I effect, the stronger is the base. Also, the greater
the number of alkyl groups, the higher is the +I effect. Therefore, the given compounds can

be arranged in the decreasing order of their basic strengths in the gas phase as follows:

(v) The boiling points of compounds depend on the extent of H-bonding present in that

compound. The more extensive the H-bonding in the compound, the higher is the boiling

point. | CH, |. NH contains only one H-atom whereas ( .H.NH , contains two H-atoms.

Then, C,A.NH, undergoes more extensive H-bonding than [ CH, |. NH . Hence, the
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boiling point of C,H.NH, is higher than that of(CH. |, NH .

Further, O is more electronegative than N. Thus, C',H.0H forms stronger H-bonds than
C,H.NH,. As a result, the boiling point of C,H.0H is higher than that of C,H.NH,

and I:CH_: .'I: NH .

Now, the given compounds can be arranged in the increasing order of their boiling points as

follows:
(CH.),NH < C,H.NH, < C,H.0H

(vi) The more extensive the H-bonding, the higher is the solubility. {',F.NH, contains two
H-atoms whereas | H. |. NH contains only one H-atom. Thus, H.NH, undergoes
more extensive H-bonding than | H |. NH . Hence, the solubility in water of JH.NH,

is more than that of (C,H. |, NH .

Further, the solubility of amines decreases with increase in the molecular mass. This is
because the molecular mass of amines increases with an increase in the size of the
hydrophobic part. The molecular mass of C'.4.NH . is greater than that of C',H.NH, and

(C,H,),NH .
Hence, the increasing order of their solubility in water is as follows:

C.H.NH, < (C,H.),NH < C,H.NH,

5. How will you convert:

(i) Ethanoic acid into methanamine
(ii) Hexanenitrile into 1-aminopentane
(iii) Methanol to ethanoic acid

(iv) Ethanamine into methanamine
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(v) Ethanoic acid into propanoic acid
(vi) Methanamine into ethanamine
(vii) Nitromethane into dimethylamine
(viii) Propanoic acid into ethanoic acid

Ans. (i)

S0 - MHilexcess)
CHyCOO0H ——— CHCOC] e CHCONH;

Ethanoic acid
R Bry/NaOH

CH;NH>
Methanamine
(i1)

HH, 0 SOCI,
C5Hy ON ——— = CsHyp ~ COOH —— = (5H,; - COC

Hexanertrle NH( j
s(excess

Br-/KOH
r::"” N'E[z -4 CﬁHH —EGWH:

I-Aminopentane

(ii1)
CH;OH L CH;Cl Bl sl » CHCN
hdethanaol H/H,0
CH;CO0H
Ethanoic acid
(iv)
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=

NaNQ,/HCI

—  HL0 _
CH, - N5l ——= CH; - CH; - OH

CH; - CHy - NH; ———= 4= [CH;
Eth ine
Angaming KMHG4I-H+
Bra/NaOH NH;
CHy - NH; €—2 " CH,CONH; ) oy.cO0H
Methanamine
()
' POl
cHycoon L HAHVEN . oy CH0H ——3 - CHyCH,C
{1r) Hy ¥
Ethanoic acid Ethanolic
Mal’M
H'H-0
CH;CH,COOH ——— CH4CH,CN
Propanoic acid
(vi)
M a™NO-HC ] * - HA()
CH; - NH, olusshi il [CHy ~ NaCl] ——m CH;0H
Methanamine
PCl5
- /MNi Ethanolic NaCN
CHyCH,NH, - : 3 0 IO sl il i)+ 11
MNa(HgyC:H;0H
Ethanamine
(vii)
5 ] CHCIl,/KOH/A
CH; - NO; —HC o CH, - NH, : - CH; - NC
' ) (Carbvlamine '
MNitromethane reaction)
Na/CaHsOH
CH; - NH - CH;4
Dimethylamine
(viii)
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: NHilexcess) Bry/KOH
CH;CH,CO0H ————— g CH;CH,CONH; — CH;CH,NH,
4 {Hoffmann bromamide
Propanoic acid reaction)

NaNOL/HCI
EMnO,/HY H.0 ot
CHyCOOH ——— CH;CH,0H «——— [CHyCH;N,Cl]

Ethanoic acid

6. Describe a method for the identification of primary, secondary and tertiary amines.

Also write chemical equations of the reactions involved.

Ans. Primary, secondary and tertiary amines can be identified and distinguished by

Hinsberg's test.In this test, the amines are allowed to react with Hinsberg's reagent,

benzenesulphonyl chloride ['_C' H.50,C _'| . The three types of amines react differently with

Hinsberg's reagent. Therefore, they can be easily identified using Hinsberg's reagent.

Primary amines react with benzenesulphonyl chloride to form N-alkylbenzenesulphonyl

amide which is soluble in alkali.

0 8}
Qﬂ—f" t H— N—C;H; —= § — N—C;H; + HCl
O H 0 H
Benzenesulphonyl Propanaming N-Propylbenzenesulphonamide

chlonde

Due to the presence of a strong electron-withdrawing sulphonyl group in the sulphonamide,
the H-atom attached to nitrogen can be easily released as proton. So, it is acidic and dissolves

in alkali.

Secondary amines react with Hinsberg's reagent to give a sulphonamide which is insoluble

in alkali.
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0 ()
Q ::q:—rl FH— H—CH;—FQ— H — N—CH; + HCl
0 CH; O f.l"H_t
Benzenesulphonyl Dimethylamine N, N-Dimethy |benzenesulphonamide
chlonde (insoluble in alkali)

There is no H-atom attached to the N-atom in the sulphonamide. Therefore, it is not acidic

and insoluble in alkali.

On the other hand, tertiary amines do not react with Hinsberg's reagent at all.

7. Write short notes on the following:
(i) Carbylamine reaction

(i) Diazotisation

(iii) Hofmann's bromamide reaction
(iv) Coupling reaction

(v) Ammonolysis

(vi) Acetylation

(vii) Gabriel phthalimide synthesis.
Ans. (i) Carbylamine reaction

Carbylamine reaction is used as a test for the identification of primary amines. When
aliphatic and aromatic primary amines are heated with chloroform and ethanolic potassium
hydroxide, carbylamines (or isocyanides) are formed. These carbylamines have very

unpleasant odours. Secondary and tertiary amines do not respond to this test.
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R-NH, + CHCI, + 3KOH(alc.)—— R-NC +3KCl + 3H,0
Primary  Chloroform  Potassium Carbylamine
amine hydroxide
For example,
CH, - NH, +CHCI, +3KOH{alc.)—— CH,-NC +3KCl + 3H,0
Methanamine Methyl carblylamine
or methyl isocyanide
(ii) Diazotisation

Aromatic primary amines react with nitrous acid (prepared in situ from Nz, and a

mineral acid such as HCl) at low temperatures (273-278 K) to form diazonium salts. This

conversion of aromatic primary amines into diazonium salts is known as diazotization.

For example, on treatment with _"-.};r_"-."{}: and HCl at 273 - 278 K, aniline produces

benzenediazonium chloride, with NaCl and & ,{) as by-products.

NH, NS Cl
MNaM(, + 2ZHCI
: i + NaCl + 2H,0
2T1-2TE K "
Aniline Benzenediazonium
chlonde

(iii) Hoffmann bromamide reaction

When an amide is treated with bromine in an aqueous or ethanolic solution of sodium
hydroxide, a primary amine with one carbon atom less than the original amide is produced.
This degradation reaction is known as Hoffmann bromamide reaction. This reaction involves
the migration of an alkyl or aryl group from the carbonyl carbon atom of the amide to the

nitrogen atom.
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0
R— !{|‘—NE[1 + Bry + 4NaQH —= R - NH; + Na;C0O3 + 2NaBr + 2H-0
Amide Primary amne
For example,
)
CH; — |[|'—‘-.'H:- + Bry + 4NaOH —= CH; - NH; + Na;C0y = 2NaBr + 2H»0
Ethanamide Methanamine
3}
CiyH; — !Ll—\l[-[: = Bray + 4NaOH — C Hs; — NH» -+ Na;COy + 2NaBr + 2H,0
Benzamde Antline

(iv) Coupling reaction

The reaction of joining two aromatic rings through the - N=N - bond is known as coupling
reaction. Arenediazonium salts such as benzene diazonium salts react with phenol or

aromatic amines to form coloured azo compounds.

Benzenediazonium Phenol p-Hydroxyvazobenzene
chlonde (Orange dye)
i o= . 0OH T
MN=NCI+H NH; —» =N NH; + CI" + Hy0
Benzenediazonium Aniline p-Aminoazobenzene
chlonde ivellow dye)

It can be observed that, the para-positions of phenol and aniline are coupled with the

diazonium salt. This reaction proceeds through electrophilic substitution.
(v) Ammonolysis

When an alkyl or benzyl halide is allowed to react with an ethanolic solution of ammonia, it
undergoes nucleophilic substitution reaction in which the halogen atom is replaced by an

amino ( - NH2) group. This process of cleavage of the carbon-halogen bond is known as
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ammonolysis.

.'//—\\ ﬁ ) -
:‘-IH_'._I:?IJEI] + E-XxX— H—hH;."L
Ammonia Alkyl halide Substtuted
{Nucleophile) ammonium sall

When this substituted ammonium salt is treated with a strong base such as sodium

hydroxide, amine is obtained.

R-NH,X +NaOH —— R-NH, + H.O + NaX
Amine

Though primary amine is produced as the major product, this process produces a mixture of

primary, secondary and tertiary amines, and also a quaternary ammonium salt as shown.

RNH, —2 3 R_NH—2 3 R.N—X 4R, NX
(15 {29) {37} Quaternary
ammonium salt

(vi) Acetylation

Acetylation (or ethanoylation) is the process of introducing an acetyl group into a molecule.

0
R
Acetyl group

Aliphatic and aromatic primary and secondary amines undergo acetylation reaction by
nucleophilic substitution when treated with acid chlorides, anhydrides or esters. This

reaction involves the replacement of the hydrogen atom of - A, or > NH group by the

acetyl group, which in turn leads to the production of amides. To shift the equilibrium to the
right hand side, the HCI formed during the reaction is removed as soon as it is formed. This
reaction is carried out in the presence of a base (such as pyridine) which is stronger than the

amine.
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H CH, H CH;

: L
CH;— Tmh— o122y oy, gh'q — n::'— cl
CH; <‘:o CH; o”

N-Methylmethanamine  Acetylchloride

CH—N — C—CH,

CHy; O

N N-Dimethvlethanamide

I
@—HH: + CHy—C—0Cl
Benzenamine Acetyl chlonde Pyridine

0

I
@NH—E‘—(‘II; + HC)

N-Phenvlethanamide
When amines react with benzoyl chloride, the reaction is also known as benzoylation.

For example,

0 {1
¢ G, i
~ci i HHH‘;{E 2Hs
C.HsNH; 4 R .
Ethanamine Benzov] chlonde N-Ethvibenzanude

(vii) Gabriel phthalimide synthesis

Gabriel phthalimide synthesis is a very useful method for the preparation of aliphatic
primary amines. It involves the treatment of phthalimide with ethanolic potassium
hydroxide to form potassium salt of phthalimide. This salt is further heated with alkyl halide,

followed by alkaline hydrolysis to yield the corresponding primary amine.

Material downloaded from myCBSEguide.com. 26/38


http://mycbseguide.com/

%} myC BSEguide.com

% A Complere guide for CREE stwaenis
[

e KOH
(v xou,

|
O

Phthalimicle

L)
|
L

[ 1” amine)

i
" e (YN8 MaldH s C
R — NH- i b L .= N—R
- C —— OMa [Hydrolysis) L

L]

Sodium salt
of phithalc scid

Chapter End Question

L&)
C—— K
C—
]
Potassium sall R—X
of phthalimde

Ve-Alkviphthalinude

8. Accomplish the following conversions:

(i) Nitrobenzene to benzoic acid

(ii) Benzene to m-bromophenol

(iil) 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.

Ans. (i)
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+
MO NH MWeMC
H./Pd MaM, + HCI
il -
Ethanaol 273 -2TE K
Mitrobensene Aniline Benzenediaadmiunm
chlonde
CuCHNKOMN
COH0OH il
H,0"
{Hvdrolysis)
Bensoic acid Benzonmtrile
(ii)
N
HNU-;_HH-;&U; HI’-.
{Matranon)
Benzene Mirobenrene m-Btmmlrubm.ﬂm:!
En/HCI
MN=NCT NH;
ol }!1'3'.{}4 '\r:l_N[D- + HCI
21'_1 2TA K
Br
me=-Hromophenol A= Bromaoaniline
(iii)
R OO COMNH
SOC1s Elzl NH; ©
R e
Bensowe acrd Benzovi chlonde Benzamide
{ HotTmann
bromamide | Bry/NaOH
degradation
reaction)
MH=
Ambing
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(iv)

NH; NH; Nl
Br Iy Hr [
Bir-/H-0» MNaNO-HCI
—_— i
273278 K
Amhne B Br
2, 4, G=Trhromoaniline 2. 4, 6=Trnbromobemzene

diazonmium chlonde

+ -
¥ MLBE,
HBr Eir Br Hr
A

Alf—
~Ma, —BF;

Er Hir

2, 4, 6-Tnbromoflusrobenzene

w)

-
CH-CI CH5CMN CH>CH3;NH
Ethanolie MaCM Hx/ M
—MaCl
Benzvl chlonde Phenylethanemnnle 2-Phenvlethanamine
(vi)
1

4 <l
e
I'I ﬂﬂ;r’H:S-Cu 5
(Mirationy

Chlombenzens

L B m=MNiirechlorobenzeng
p-Mitrochlorobensone
{Maygor product}
Cl Cl
H=/d
Ethamol
ol 5 ™H=
p=mitrochlorobensens L hloroanmiline

(vii)
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NH2 BNHOOCH BHCOCH
{CHROO 0 Brs
e el e
Pyridine CH OO0
Anline A-pheny lethanamide
{ Acetanilide) Br
F-Bromoacetanilide
(Al or product)
lml or H*
NH;
Hr
p-Bromoanibing
(viii)
[—QNH: NH: N:['I
Bry™aOH NaNO, + HCI
- ] L
{ Hoffmann bromamids 27T3-2TE K
degradanon reaction)
Benzamide Aniline Benzenediazomium
chlonde
Hs 0 | HzPOs
CH-
CH1Cl +Anhyd AICH
-
(Friedel Craft’s alkylation)
Toluene Benrene

(ix)
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NH; NACl ON
NaNOs + HC CuCN/KCN
= -
273-2T8 K (Sandmeyer reaction)
Aniline Benrenediazonium Benroninle
chlonde
Al HyOF
CH-0OH COHEH

Oz

Benzyl alcohaol

(i) LiAlH,
m]- H-ib

Benzoic acid

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

. MalN {(*H NaDH, B,
) CH"‘FHJI »A Partial brolysis »C
(i) C.HN,CI—= A _EOT LB, C
(i) CH,CH,Br—"—>A ——— 3B ':;‘.*;: >
(iV) E{.st{jg Fe/HCI :A Miah':li;l;I:LH{‘l B H-t-;I-I' .-‘-':
() CH,COOH —:» A 0% , g NNOHG , ¢
(i) C,H;NO, 5 A — 3 B——5C
Ans. (i)

(n]

CHy— CH: 1 2 g CHyCH2ON

Propaneniirile
LA

{H

partial hydrolysis

= CHy—CH:— C—MNH:z

Propanamide
(B)

l'hi:(:lll + Hry

CHi— CH;—NH2

Ethanamine

(C)
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(ii)
“ul H-0/H™
CoHNOl S o cHON  ——— = CHCOOH
Cyanobenzene a0 i
(A) (B)
A| NH;
CoHsCONH,
Benzamade
(C)
(iii)
CHyCHBr —BEN o pen,en L L CHyCH,CH,NH,
Cyanoethane Propan - | - amine
(A) (B}
ooC | HNO,
CH;CH,CH,OH
Propan — | — ol
(C)
@iv)
- Fe /HCI MNamMO- + HCI =
CoHsNO, - ¢ CeHsNHy ————m  CiHs— NyCl
Aniline K Benzenedmzonium
(A chloride
(B}
Al H0 /HT
C:H;OH
Phenol
(C)
)
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MNH .
CHACOOH —lp- CHACONHA —NﬁL CH;NH;
' Ethanamads Methanamina
[A) (B
Mar0, / HCI
CH+OH
MMethanol

()
(vi)

T [ HMO ., -
f,:-.H_;,NG: wﬁ' [:;.,H_:,NH: N C.-IH_-; - le|

e T K
Amline K Beanrenadiazonium

(A chloride
(B)

C;HsOH

@= —@nu

Jr = Hydromy azobenzens
(C)

10. An aromatic compound 'A’' on treatment with aqueous ammonia and heating forms

compound 'B' which on heating with Er2 and KOH forms a compound 'C' of molecular

formula C'./-\. Write the structures and IUPAC names of compounds A, B and C.

Ans. It is given that compound 'C' having the molecular formula, C'.H-\ is formed by
heating compound 'B' with B and KOH. This is a Hoffmann bromamide degradation
reaction. Therefore, compound 'B' is an amide and compound 'C' is an amine. The only amine

having the molecular formula, C.H-\ is aniline, ['_C H.NH, _'| .

NH;

Aniline
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Therefore, compound 'B' (from which 'C' is formed) must be benzamide, ['_C H.CONH, _'] )

CONH;

HBenzamide

Further, benzamide is formed by heating compound 'A" with aqueous ammonia. Therefore,

compound 'A' must be benzoic acid.

COOH

Benzoic acid

The given reactions can be explained with the help of the following equations:

COOH CONH; NH,
[l] Ax. NaOH Bra | FE.I]'H
[n} M
Benzoic acid Benzamide Benzenamine

() (B) ()

11. Complete the following reactions:
@ C,H.NH, + CHCI, +alc. KOH —
Gi) C_H.N,Cl+H,PO, +H,0 -
(ii) C.H.NH, +H,S0 (conc.) —
(v)C . H.N,Cl+C,H.OH -

) C,H.NH, +Br,(aq) —

i) C,H.NH, +(CH,C0),0 -
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(vii) CtrHFN:E:I (i HEF,

(i Nale, S Cud
Ans. (i)
Carbwvlamine
C;HsNH; + CHCly + 3ale KOH —IECRON o 3.0 + 3KCI + CgHs— NC
Aniline Phenyl
Isocyanide
(ii)

C.HN.,Cl + H,PO, + H,0—= CH, + N, + H,PO, + HCI
Benzenediazonium Benzene

chloride
(iii)

C,H.,MNH, + conc.H.50, —» C.H, N H.H50,

Aniline Anilinium hydrogen sulphate
(iv)

CHN,.Cl + C,HOH > CH, + CH,CHO + N, + HC]
Benzenediazonium  Ethanol Benzene Ethanal

chloride

)

M H-
Br Br
'Er'._H_qhH._z + EBrlickj] —_— + 3HBr
Amline
Br

2.4.6 - Tnbromoanline

(vi)
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C:HsNHs + (CH3C0);0 —————— CHs—N—C—CH; + CH;COOH
I

Aniline  acetic anhydride H O acetic acid

N — Phenylethanamide

(vii)

. e {/JHBE, e : p .
CHN,Cl — 5 s € H,NO, + N, + NaBF,
Benzenediazonium Nitrobenzene

chloride
12. Why cannot aromatic primary amines be prepared by Gabriel phthalimide
synthesis?

Ans. Gabrielphthalimide synthesis is used for the preparation of aliphatic primary amines. It
involves nucleophilic substitution (SN2) of alkyl halides by the anion formed by the

phthalimide.
0 0
I I
[ KOH o ——
o _N—H ——» . _NK
I I
0 0
Phthalimide
R X
(] i
|
¢

-
C — (O Na NaOH (4 -
R—NH; + e A 2H—R
i {— () Na ol
1” armins I Il
8]

N — Alkylphthalimide

But aryl halides do not undergo nucleophilic substitution with the anion formed by the
phthalimide.

O
I
tﬂﬁ ul" Mo reaction
c-
|
0
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Hence, aromatic primary amines cannot be prepared by this process.

13. Write the reactions of (i) aromatic and (ii) aliphatic primary amines with nitrous

acid.

Ans. (i) Aromatic amines react with nitrous acid (prepared in situ from NaNO,and a

mineral acid such as HCI) at 273 - 278 K to form stable aromatic diazonium salts i.e., NaCl and

H,0.

NH; N Cl
Matiy + HCI
+ HNO- — +  MaCl + 2H20
= 2T -2TR K =
Aniline Mitrous acid Benzenediazonivm
chlorde

(ii) Aliphatic primary amines react with nitrous acid (prepared in situ from NaV(J, and a

mineral acid such as HCl) to form unstable aliphatic diazonium salts, which further produce

alcohol and HCI with the evolution of V', gas.

14. Write the reactions of (i) aromatic and (ii) aliphatic primary amines with nitrous

acid.

Ans. (i) Aromatic amines react with nitrous acid (prepared in situ from NaN({), and a

mineral acid such as HCI) at 273 - 278 K to form stable aromatic diazonium salts i.e., NaCl and

H,0.

NH; N, Cl
MNaMy + HCI
+ HNO- —_— +  MNaCl+2H,0
i 2T-2TR K 7
Aniline Mitrous acid Benzenediazonium
chlomde

(ii) Aliphatic primary amines react with nitrous acid (prepared in situ from Na\(), and a

mineral acid such as HC]) to form unstable aliphatic diazonium salts, which further produce
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alcohol and HCI with the evolution of V', gas.

MNaM(k + HCI
_

R-NH, + HNO, [R - N3 Cl] ———
Aliphatic Mitrous Aliphatie
primary acid diazonium
aleohaol zalt H,0
Y
‘4:1' FOHCI o
alcohol
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