CHAPTER 9 AMINES

Question1. Classify the following amines as primary, secondary or tertiary:
(i)

NH,

(i)

N(CHz)»

(iii) (C2H5)2CHNH2
(iv) (C2H5)2NH

Solution
Primary: (i) and (iii)

Secondary: (iv)
Tertiary: (ii)

Question2. (i) Write structures of different isomeric amines corresponding to the
molecular formula, C4H11N

(ii) Write IUPAC names of all the isomers.

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



Solution
(i), (i) The structures and their IUPAC names of different isomeric amines corresponding to
the molecular formula, C4H11N are given below:

(a) CH3-CH2-CH2-CH2-NH2

Butanamine (10)

NH,

CH;— CH; — CH — CH;

(b)
Butan-2-amine (10)
{l'n-,
CH; — CH— CH;— NH,
(c)
2-Methylpropanamine (10)
(d)
CH;
CH; — C— NH,

I
CH;

2-Methylpropan-2-amine (10)
(e) CH3-CH2-CH2-NH-CH3
N-Methylpropanamine (20)
(f) CH3-CH2-NH-CH2-CH3

N-Ethylethanamine (20)



CH;4

|
CHy — CH— NH — CH;

N-Methylpropan-2-amine (20)

(h)

CH;x
_ [y
CH; — CH; — N— CH;

N,N-Dimethylethanamine (3°)

(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.

Question3. How will you convert?

(i) Benzene into aniline

(ii) Benzene into N, N-dimethylaniline

(iii) Cl-(CH2)4-Cl into hexan-1, 6-diamine?

Solution

(i)



NO, NH,

HNO:/ H,S0, H,/Pd
—_— ———
(Nitration) Ethanol
Benzene Aniline
(if)
H CH;
NH; il N
N CHy ™\ CH;
HNO;/ H,80, H» Pd CH;(Cl CH;CI
3 Hy : > s 57
(Nitration) l‘lhanol
Benzene Aniline N. N, — Dimethylaniline
(iii)

Cl-(CH,), - ¢ Ehanolic NsCN o ¢ —(CH;)-C= N

1, 4 - Dichlorobutane
Hy/Ni

HsN - CH; - (CHy); - CH; — NH;

Hexane ~1,6 - diamine
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Question4. Arrange the following in increasing order of their basic strength:
(i) C2H5NH2, C6H5NH2, NH3, C6H5CH2NH2 and (C2H5)2NH

(ii)) C2H5NH2, (C2H5)2NH, (C2H5)3N, C6H5NH2

(iii) CH3NH2, (CH3)2NH, (CH3)3N, C6H5NH2, C6H5CH2NH2.

Solution

(i) Considering the inductive effect of alkyl groups, NH3, C2H5NH2, and (C2H5)2NH can be
arranged in the increasing order of their basic strengths as:



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

Again, C6H5NH2 has proton acceptability less than NH3. Thus, we have:

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

Due to the -1 effect of C6H5 group, the electron density on the N-atom in C6H5CH2NH2 is
lower than that on the N-atom in C2H5NH2, but more than that in NH3. 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, C2H5NH2,
(C2 H5)2NH2, and their basic strengths as follows:

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

Again, due to the —R effect of C6H5 group, the electron density on the N atom in C6H5 NH2
is lower than that on the N atom in C2H5NH2. Therefore, the basicity of CE6H5NH2 is lower
than that of C2H5NH2. Hence, the given compounds can be arranged inthe increasing order
of their basic strengths as follows:

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

(iii) Considering the inductive effect and the steric hindrance of alkyl groups, CH3NH2,
(CH3)2NH, and (CH3)3N can be arranged in the increasing order of their basic strengths as:

(CH,);N <CH,;NH, <(CH,),NH

In C6H5NH2, N is directly attached to the benzene ring. Thus, the lone pair of electrons on
the N-atomis delocalized overthe benzenering. In C6H5CH2NH2, Nis 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 C6H5CH2NH2 than
in C6H5NH2 i.e., C6H5CH2NH2 is more basic than C6H5NH2.



Again, due to the -| effect of C6H5 group, the electron density on the N-atom in
C6H5CH2NH2 is lower than that on the N-atom in (CH3)3N. Therefore, (CH3)3N is more
basic than C6H5CH2NH2. Thus, the given compounds can be arranged in the increasing
order of their basic strengths as follows.

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

Question5. Complete the following acid-base reactions and name the products:

(i) CH3CH2CH2NH2 + HCL

(i) (C2H5)3N + HCL

Solution
CH,CH,CH,NH, + HCl ——  CH,CH,CH, NH, ClI
n-Propylamine n-Propylammoniumchloride

(i)

(if) (C2Hs):N Triethylamine+ HCL > (C.Hs):N+HCl-Triethylammoniumchloride

Question6. Write reactions of the final alkylation product of aniline with excess of
methyliodide in the presence of sodium carbonate solution.

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

H CH;,
NH, N~ N
N CHy N CHy
CH;l CH;l
—_— —_—
Aniline N, N - Dimethylaniline

With excess methyl iodide, in the presence of Na2CQO3 solution, N, N-dimethylaniline
produces N, N, N-trimethylanilinium carbonate.



CH;
> gl + q
N N(CH3)al™ N (CHz),

1™ CH;
Na>CO iy
i CHyl ——» @ B ot CO3* 4 2Nal

"

N, N - Dimethylaniline N, N, N - Tnmethylamlinium iodide N, N, N - Tnimethylamlinium Carbonate

Question7. Write chemical reaction of aniline with benzoyl chloride and write the name
of the product obtained.

Solution .
H
— X q
N—H oCc— 22, N'—C 1
| ¢l I L
H 0 H O
Aniline Benzoyl chloride l
[l
H O

N — Phenylbenzamide

Question8. Write structures of different isomers corresponding to the molecular
formula, C3HON. Write IUPAC names of the isomers which will liberate nitrogen gas on
treatment with nitrous acid.

Solution .

The structures of different isomers corresponding to the molecular formula, C3H9N are
given below:

CH, - CH, -CH, -~ NH,
(a)

Propan-1-amine (10)

(b)



NH,

|
CH; —CH — CH;
Propan-2-amine (10)
(c)

CH,-NH-C,H,

N- Methylethanamine (2")

(d)

CH;

I
CH_:. — N — CH;

N,N-Dimethylmethanamine (30)

10amines, (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, +HClI

Propan-1-amine Propan-1-ol

CH;— CH— CH; + HNOy; ——————————p CH;— CH— CH; + N3+ HCI
| I

NH, OH
Propan - 2 — amine Propan — 2 — ol
INTEXT QUESTIONS PAGE NO: 277

Question9. Convert
(i) 3-Methylaniline into 3-nitrotoluene.

(ii) Aniline into 1,3,5-tribromobenzene.



Solution

(i)
N, NyCl
+ NaNO, + 2HCI Z2=28K @\ NaCl + 2H,0
CH;y CH;
3 - Methylaniline HBF,
N,BF,
— N NaN()s
al 4+ 2+ ClLA
CH;y
3 -~ Nitrotoluene
(ii)
NH, NH, NQ_C’
Br Br Br N
Bra/H,0 NaNO,/HCI
—_—
-3 HBr
Aniline Br Br
H,0 | H;PO,
Br Br
Br

1, 3, 5 - Tribromobenzene



Question1. Write IUPAC names of the following compounds and classify them into
primary, secondary, and tertiary amines.

(i) (CH3)2 CHNH2 (ii) CH3(CH2)2NH2

(iii) CH3NHCH(CH3)2 (iv) (CH3)3CNH2

(v) CBH5NHCHS3 (vi) (CH3CH2)2NCH3

(vii) m-BrC6H4NH2

Solution
(i) 1-Methylethanamine (10 amine)

(ii) Propan-1-amine (10 amine)

(iii) N—Methyl-2-methylethanamine (20 amine)

(iv) 2-Methylpropan-2-amine (10 amine)

(v) N-Methylbenzamine or N-methylaniline (20 amine)

(vi) N-Ethyl-N-methylethanamine (30 amine)

(vii) 3-Bromobenzenamine or 3-bromoaniline (10 amine)

Question2. 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.

Solution
(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.

CH,-NH, + CHCI, +3KOH —— CH, -NC + 3KCl + 3H,
Methylamine(1") Methylisocyanide
(foulsmell)

(CH,),NH + CHCl, +3KOH —2 5 No reaction

(ii) Secondary and tertiary amines can be distinguished by allowing them to react with
Hinsberg’s reagent (benzenesulphonyl chloride, C6H5SO2Cl).

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.

I i =
@—ﬂl—(u + H—N—C,Hg —»@»s_u_( Hs + HCI

Benzenesulphonyl chlonde N, N — Diethylbenzenesulphonamide

(iii) Ethylamine and aniline can be distinguished using the azo-dye test. A dye is obtained
when aromatic amines react with HNO2 (NaNO2 + dil.HCl) at 0-5°C, followed by a reaction
with the alkaline solution of 2-naphthol. The dye is usually yellow, red, or orange in colour.
Aliphatic amines give a brisk effervescence due (to the evolution of N2 gas) under similar
conditions.



273-278K (=]
NH: + HONO ——=2% N == NCI” + 2H.0

Benzenediazonium

chloride
HO HO
) o Dil. NaOH
= NCI" + e N=N
N NCI pH9-10
Benzenediazonium
chloride
2-Napthol 1-Phenylazo-2-napthol

(orange dye)
CH,CH, -NH, + HONO —=55 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.

NaNO, + HCl T
CoHsCHy —NH, + HNO; ——2— g [CeHsCHy — N3G |

(Unstable)

lH;O

\l:f » C,—,HSCH:—OH + HCI

Benzyl alcohol

Benzylamine

On the other hand, aniline reacts with HNO2 at a low temperature to form stable diazonium
salt. Thus, nitrogen gas is not evolved.

C,H,NH, —¥9 ¢y N, Cl + NaCl + 2H.0

273278

(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
carbylamine test. However, N-methylaniline, being a secondary amine does not.

C,H.=NH, + CHCI, + 3KOH —— C,H.=NC + 3KCl + 3] 1,0
Benzylamine(1") Benzylisocyanide

(toulsmell)
C,H.NHCH, + CHCI, +3KOH —— No reaetion

N-Methylaniline

Question3. Account for the following:

(i) pKb 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.

Solution
(i) pKb of aniline is more than that of methylamine:

NH,
CH; - NH,

Aniline Methylamine



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.

C'\"H: NH, NH,

NH; & NH,
e OB )0
IS

\

Onthe other hand, in case of methylamine (due to the +l effect of methyl group), the electron
densityonthe N-atomisincreased. As a result, anilineis less basic than methylamine. Thus,
pKb of aniline is more than that of methylamine.

(ii) 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.

------ N—H-+==ees J——H-==mee Ne——=H=+oneea J——H: ===
C,Hs H C;H; H
Ethvlamine

Butaniline does notundergo 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.

\'I[:

Aniline

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

CHy —»— NH- H—0OH

Methylamine Water



Due to the +| effect of —-CH3 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, - N H,+OH

Ferric chloride (FeCl3) dissociates in water to form Fe3+ and Cl-ions.

FeCl, —— Fe' + 3Cl

Then, OH-ion reacts with Fe3+ ion to form a precipitate of hydrated ferric oxide.

2Fe”™ + 60H° —— Fe,0,-3H,0
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:

Nitration is carried out in an acidic medium. In an acidic medium, aniline is protonated to
give anilinium ion (which is meta-directing).

NH, NH, NH,4
© - © — ©\
R —_—
NO,
Aniline Antlinium on m-Nitroaniline (47%)

For this reason, aniline on nitration gives a substantial amount of m-nitroaniline.

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

A Friedel-Crafts reactionis carried out in the presence of AlCL3. But AlCL3 is acidic in nature,
while aniline is a strong base. Thus, aniline reacts with ALCL3 to form a salt (as shown in the

following equation).



NH, NH,AICK

8w

Aniline Salt

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

(Y

NA N N=Ne N=Ne N=N:
DO~ 0

This resonance accounts for the stability of the diazonium ion. Hence, diazonium salts of
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.

Question4. Arrange the following:

(i) In decreasing order of the pKbvalues:

C2H5NH2, C6H5NHCH3, (C2H5)2NH and C6H5NH2

(ii) In increasing order of basic strength:

C6H5NH2, C6H5N(CH3)2, (C2H5)2NH and CH3NH2



(iii) In increasing order of basic strength:

(a) Aniline, p-nitroaniline and p-toluidine

(b) C6H5NH2, C6H5NHCH3, C6H5CH2NH2.

(iv) In decreasing order of basic strength in gas phase:

C2H5NH2, (C2H5)2NH, (C2H5)3N and NH3

(v) Inincreasing order of boiling point:

C2H50H, (CH3)2NH, C2H5NH2

(vi) Inincreasing order of solubility in water:

C6H5NH2, (C2H5)2NH, C2H5NH2.

Solution :
(i) In C2H5NH2, only one —C2H5 group is present while in (C2H5)2NH, two —~C2H5 groups
are present. Thus, the +l effect is more in (C2H5)2NH than in C2H5NH2. Therefore, the
electron density over the N-atom is more in (C2H5)2NH than in C2H5NH2. Hence,
(C2H5)2NH is more basic than C2H5NH2.

Also, both C6H5NHCH3 and C6H5NH2 are less basic than (C2H5)2NH and C2H5NH2 due
to the delocalization of the lone pair in the former two. Further, among C6H5NHCH3 and
C6H5NH2, the former will be more basic due to the +T effect of —-CH3 group. Hence, the
order of increasing basicity of the given compounds is as follows:

C6H5NH2 < C6H5NHCH3 < C2H5NH2 < (C2H5)2NH

We know that the higher the basic strength, the lower is the pKb values.

C6H5NH2 > C6H5NHCH3 > C2H5NH2 > (C2H5)2NH



(ii) C6BH5N(CH3)2 is more basic than C6H5NH2 due to the presence of the +| effect of two
-CH3 groups in C6H5N(CH3)2. Further, CH3NH2 contains one —-CH3 group while
(C2H5)2NH contains two —~C2H5 groups. Thus, (C2H5)2 NH is more basic than C2H5NH2.
Now, C6H5N(CH3)2 is less basic than CH3NH2 because of the-R effect of ~-C6H5 group.

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

C6H5NH2 < CEH5N(CH3)2 < CH3NH2 < (C2H5)2NH

(iii) (a)

NH, NH, NH,
CH; NO,
p-Toludine Aniline p-Nitroaniline

In p-toluidine, the presence of electron-donating ~-CH3 group increases the electron density
on the N-atom.

Thus, p-toluidine is more basic than aniline.

On the other hand, the presence of electron-withdrawing

-NO2 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) C6H5NHCH3 is more basic than C6H5NH2 due to the presence of electron-donating
-CHS3 group in C6H5NHCHS.



Again, in C6H5NHCHS3, —C6H5 group is directly attached to the N-atom. However, it is not
so in C6H5CH2NH2. Thus, in C6H5NHCHS3, the -R effect of ~-C6H5 group decreases the
electron density over the N-atom. Therefore, C6H5CH2NH2 is more basic than
C6H5NHCHa3.

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

C6H5NH2 < C6H5NHCH3 < C6H5CH2NH2.

(iv) In the gas phase, there is no solvation effect. As a result, the basic strength mainly
depends uponthe +l effect. The higher the +1 effect, the stronger isthe base. Also, the greater
the number of alkyl groups, the higher is the +| effect. Therefore, the given compounds can
be arranged in the decreasing order of their basic strengths in the gas phase as follows:

(C2H5)3N > (C2H5)2NH > C2H5NH2 > NH3

(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. (CH3)2NH contains onlyone H-atomwhereas C2H5NH2 contains two H-atoms. Then,
C2H5NH2 undergoes more extensive H-bonding than (CH3)2NH. Hence, the boiling point of
C2H5NH2 is higher than that of (CH3)2NH.

Further, O is more electronegative than N. Thus, C2H50H forms stronger H-bonds than
C2H5NH2. As a result, the boiling point of C2H50H is higher than that of C2H5NH2 and
(CH3)2NH.

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

(CH3)2NH < C2H5NH2 < C2H50H

(vi) The more extensive the H-bonding, the higher is the solubility. C2H5NH2 contains two
H-atoms whereas (C2H5)2NH contains only one H-atom. Thus, C2H5NH2 undergoes more
extensive H-bonding than (C2H5)2NH. Hence, the solubility in water of C2H5NH2 is more
than that of (C2H5)2NH.



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 C6H5NH2 is greater than that of C2ZH5NH2 and
(C2H5)2NH.

Hence, the increasing order of their solubility in water is as follows:

C6H5NH2 < (C2H5)2NH < C2H5NH2

Question 5. How will you convert:

(i) Ethanoic acid into methanamine

(ii) Hexanenitrile into 1-aminopentane

(iii) Methanol to ethanoic acid

(iv) Ethanamine into methanamine

(v) Ethanoic acid into propanoic acid

(vi) Methanamine into ethanamine

(vii) Nitromethane into dimethylamine

(viii) Propanoic acid into ethanoic acid

Solution

(i)



S0C1, NH
CHiCOOH —22 g CH,COC! 2 CH,CONH,

Ethanoic acid Bra/NaOH
CH1NH;,
Methanamine
(if)
HYH,0 SOCI,
CsHy ON ——Zp C5H;| - COOH ———2—p C5H,, - COCI
Hexanenitrile
NH;(excess)
Bry/KOH
CoHyy = NH, @—2—— CsHy; ~CONH,
I-Aminopentane
(iii)
PCl Ethanolic NaCN
CHyOH ——daiye CHyCl e e o CHYCN
hanaol
Methana HYH,0
CH;COOH
Ethanoic acid
(iv)

NaNO,/HCI + = HO
CH; - CHy ~ NHy —————# [CH; - CH; - NyCl] —=— CH; - CH, - OH

Ethanamine KMnO,/H*

Bry/NaOH NH; (excess)
+—

CH; -~ NHZ <+ CH1CONH2 CH}COOH

Methanamine

(V)



(1) LiAlH /ether
e
(i) H;O*
Ethanoic acid Ethanolic
NaCN

PCls
CH,COOH CHyCH,OH ———# CH;CH,CI

H'/H,0
CH;CH,COOH *——— (CH,CH,CN

Propanoic acid

H>0

NaNO,/HC! §:
i (CEly = N5C1] i CHFOM

CH; - NH,
Methanamine
PCl5

Hy/Ni Ethanolic NaCN
CHyCH,NH, 2 CHCH e 0 e
Na(Hg)/C,HsOH

Ethanamine
(vii)

CHCIy/KOH/A

< NOy 2R e iy Y R
(Carbylamine

Nitromethane reaction)

Na/C,HsOH

CH; - NH-CH;

Dimethylamine
(viii)

N"}(CXCCS) BQI’KO“
CH;CH,COOH ——————3 CH;CH,CONH, — CHy;CH,NH,
A (Hoffmann bromamide

Propanoic acid reaction)

NaNO,/HCI

KMnO,/H* H,0 + -
CH;COOH ————" CH;CH,OH €—— [CH:CHN,Cl]



Question6. Describe a method for the identification of primary, secondary and tertiary
amines. Also write chemical equations of the reactions involved.

Solution :
Primary, secondary and tertiary amines can be identified and distinguished by Hinsberg’s
test. Inthis test, the amines are allowed to react with Hinsberg’s reagent, benzenesulphonyl
chloride (C6H5SO2CL). 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 0
Q § —Cl + H— N— C3H; —> § — N—C;H; + HCl
0 H O H
Benzenesulphonyl Propananune N-Propylbenzenesulphonanuide

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.

(0] 0
@— %—('1 + H— N—CH; —» :s:— N—CH; + HCl
0 CH; 0 (I'H;
Benzenesulphonyl Dimethylamine N, N-Dimethylbenzenesulphonamide
chlonide (insoluble in alkal)

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.



Question7. Write short notes on the following:

(i) Carbylamine reaction (ii) Diazotisation

(iii) Hofmann’s bromamide reaction (iv) Coupling reaction
(v) Ammonolysis (vi) Acetylation

(vii) Gabriel phthalimide synthesis.

Solution
(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.

R-NH, + CHCl, + 3KOH(alc.)—— R-NC + 3KCl + 3H,0
Primary Chloroform Potassium Carbylamine

amine hvdroxide

For example,

CH, =NH, + CHCl, +3KOH(alc.)—— CH,-NC +3KCl + 3H.O
Methanamine Methyl carblylamine

or methyl isocyanide

(ii) Diazotisation

Aromatic primary amines react with nitrous acid (prepared in situ from NaNO2 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 NaNO2 and HCl at 273-278 K, aniline produces benzenediazonium
chloride, with NaCl and H20O as by-products.

NH, N,Cl

NaNO, + 2HCI

: + NaCl +2H,0
273-278K -

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.

0
R = C = NH, + Bry + 4NaOH —# R - NH, + Na;CO; + 2NaBr + 2H,0

Amude Primary amine

For example,

0
CH; — |(|'—\‘H: + Bry + 4NaOH —# CH; - NH; + Na;CO; + 2NaBr + 2H,0
Ethanamide Methanamine
O
Ce¢Hs — I(l‘—\llll + Bry + 4NaOH — C Hs - NH; + Na,CO4 + 2NaBr + 2H,0

Benzamide Aniline

(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.

©_,§.; NCI + HO—OH Lo @—ww—@—on +CI +H,0

Benzenediazonium Phenol p-Hydroxyazobenzene
chlonde (Orange dye)
b 2 OH y :
N=NCI+H NH; —» N=N NH, = CI" + H,0
Benzenediazonium Aniline p-Aminoazobenzene
chlonde (vellow 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
ammonolysis.

7\

NHyale) + R - X—— R-NH;X
Ammonia Alkyl halide Substituted
(Nucleophile) ammonium salt

When this substituted ammonium salt is treated with a strong base such as sodium
hydroxide, amine is obtained.

R T-\le.';( + NaOH —— R-NH, + H,O0 + 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, —% 5 R.NH—2 5 R,N— R, NX
(1°) (2°) (3°) Quaternary

ammonium salt
(vi) Acetylation:

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

) UI\
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 -NH2 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 HCl formed during the reaction is removed as soon as it is formed. This
reactionis carried outin the presence of a base (such as pyridine) which is stronger than the
amine.



H CH; T CH;
CH; N+ Ne—(-Be, CH;—N — C—Cl
| Cl | 7
CHy CHy O
N-Methylmethanamine  Acetylchloride l HCI
CHz_ N: i e (‘H;
CHy O
N.N-Dimethylethanamide
I
O»NH: + CHy—C—Cl
Benzenamine Acetyl chloride Pyridine

(8]

|
@—NH—(‘—(‘II‘ +HCI

N-Phenylethanamide

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

For example,
0 0
¢ (" C,Hs
\Cl Base o e
("\H;hHﬂ + —y NH
S R ~-HCl
Ethanamine Benzoyl chloride N-Ethylbenzamide

(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.

O 0
e KOH C—*
O s O
O %)
. . Potassium salt R—X
Enen of phthalimude
\J
(8] 0]
| ONa  NaOH(aq) ll
C —— ON:: aOH(ac
R — NH» i s R T N—R
et C—— ONa (Hydrolysis) C
(1° amine) | ”
0 0
Sodium salt N-Alkylphthalimide

of phthalic acid

Question 8. Accomplish the following conversions:

(i) Nitrobenzene to benzoic acid

(ii) 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.

Solution
(i)
NH,
Hs.'Pd NaN0~ + HCI
l:lhanol 273 278K
Nitrobenzene Aniline Benzenediazonium
chlonde
CuCN/KCN
COOH
ﬁj (Hydrolysns) ©
Benzoiwc acid Benzoninle

NO,
HNO 1“"[7804 BI’ 2
(Nnrauon)

Benzene Nitrobenzene m-Bromomtrobcnzenc
Sn/HCI
NH,
dil H»SO.; \JaNO~ HCI
273 278K
Br
m-Bromophenol m-Bromoaniline



COOH cocl CONH;

S Gl

Benzowe acid Benzoyl chlornide Benzamide
(Hoftfmann
bromamide | Br,/NaOH
degradation
reaction)
NH,
Aniline
(iv)
o
NH, NH, N,Cl
Br Br Br Br
Br2/H20 NINO}’HC 1
e
273-2718K
Aniline Br Br
2, 4, 6-Tribromoaniline 2, 4, 6-Tnbromobenzene

diazonium chloride

HBF,

" e
F N,BF,
Br Br Br Br

-
-N,, -BF;

Br Br
2, 4, 6-Tribromofluorobenzene



2 1
CH,Cl CH,ON CH,CH,NH,

Ethanohc NaCN Hale
—Na(‘ |

Benzyl chlonde Phenylethanenitrile 2-Phenylethanamine

Ci

a Cl
NO
HNOH,80, "
(Nitration)
NO,

Chlorobenzene
o-Nitrochlorobenzene
p-Nitrochlorobenzene
(Major product)

Cl Cl

H,/Pd

Ethanol
NO, NH,

p-Nitrochlorobenzene p-Chloroaniline

(vii)



NH, NHCOCH; NHCOCH;

(CH ;CO): (8] Br;
Pynidine CH;COOH
Aniline N-phenylethanamide
(Acetanihide) Br
p-Bromoacetanilide
(Major product)
OH orH"
NH,
Br
p-Bromoaniline
(viii)
CONH, NH, N,Cl
Bl’szQOH - NaNOz + HCI
(Hoffmann bromamide 273-278 K
degradation reaction)
Benzamide Aniline Benzenediazonium
chlonde
H,0 |H;PO,
CH;
CH;Cl +Anhyd AICI;
-
(Friedel Craft’s alkylation)
Toluene Benzene

(ix)



NH, N,Cl CN

NaNO, + HCl CuCN/KCN
273:218K (Sandmeyer reaction)
Aniline Benzenediazonium Benzonitnle
chlornide
Al H;0*
CH,OH COOH
(1) LIA"’{;
() H~O
Benzy| alcohol Benzoic acid

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

(,)CHiCHzl NN S A o s B NOH.By
i

Partial by drokysis

.C,‘H.N,CI CuCN A HOH o NH o

G © - :
CH,CH,Br—E 5 A LA, g HNO, (o

(i) -

(iv) C*'H-‘NO: EELLA H“:'fs:'“ »B ||.1_-!\H' »C

(v) (_‘HS(_‘()DH Nll‘l. > A Nal¥Br » B NaNO, 'HCI 5 C

. Felicl HNO. CHOH |
(vi) (_(.H_{NU: VA FrE] 4 FB r(_.



Solution

O
- NaCN OH — CHy— —
CHs;—CHzl ——» CH:CH:2CN partial hydrolysis #» CH:;—CH:— C—NH:
Propanenitrile Propanamide
(A) (B)
NaOH + Bz
CH;— CH:—NH:
Ethanamine
. C
(if)
CHnCl SN o cen —22MH o nicoon
Cyanobenzene Benzoic acid
A| NH;3
C4HsCONH,
Benzamide
(€)
(iii)

CHyCHBr —KCN o cyempen —HAM o cpycn,cHaNH,

Cyanoethane Propan - 1 - amine
(A) (B)
0°C HNO:
CH;CH,CH,OH
Propan - 1 - ol
(€)



NaNO, + HCI P -
CHsNO, FeiHO, CeHsNH, “1—. CeHs — NaCl
Aniline 23K Benzenediazonium
(A) chloride
(B)
A|HO/H'
CHs;OH
Phenol
(€)
(v)
CH;COOH —8 o cH,cONH, —Y9BT o cHyNH,
. Ethanamide Methanamine
(A) (B)
NaNO, / HCI
CH,OH
Methanol
(C)
(vi)
HNO, + =
CeHsNO, FLHC, e onoNm, — CeHs — NaCl
Aniline 213K Benzenediazonium
(A) chloride
(B)
("'HSOH

QN:N@W

p -~ Hydroxyazobenzene
(€)

Question 10. An aromatic compound ‘A’ on treatment with aqueous ammonia and
heatingforms compound ‘B’ which on heating with Br2 and KOH forms a compound ‘C’



of molecular formula C6H7N. Write the structures and IUPAC names of compounds A,
B and C.

Solution

It is given that compound ‘C’ having the molecular formula, C6H7N is formed by heating
compound ‘B’ with Br2 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, C6H7N is aniline, (C6H5NH2).

NH,

Aniline

Therefore, compound ‘B’ (from which ’C’ is formed) must be benzamide, (C6H5CONH2).

CONH,

Benzamide

Further, benzamide is formed by heating compound ‘A’ with agueous 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,
@ (i) Aq NaOH B /KOH
m A
Benzoic acid Benzamide Benzenamine
(A) (B) (€)
Question11. Complete the following reactions:
(i) C ,H.NH, + CHCI, +alc. KOH —»
... CHN.Cl+H.,PO, +H, 0>
(") (1] 3 - 1 2 F -
C.H.NH, + H.SO, (conc.) -
@iy © -0
. C.H.N.,Cl+C,H.OH —»
(iv) b S
(v) C,H,NH, +Br,(aq) »
(vi)CanNH: +(CH,CO),0 -
(Vii) C-"HFNECI |ii|::::'1:_.h(‘u.a >
Solution
(i)
Carbylamine
CgHsNHy + CHCly + 3ale KOH —feacion o 3y - 3KCl + CgHs—NC
Aniline Phenyl
isocyanide



C,H;N,Cl +H,PO, + H,0 - CH, + N, + H,PO, + HCI
Benzenediazonium Benzene
chloride

(iii)

C,H.NH, + conc.H,SO, — C,H,NH,HSO,
Aniline Anilinium hydrogen sulphate

(iv)
CHN,Cl + CHOH - CH, + CH,CHO + N, + HCI

Benzenediazonium Ethanol Benzene Ethanal
chloride

(v)

NH,

Br Br
C(,HSNHB + 3BI’2(W) . O + 3HBr
Aniline
Br

24,6 - Tnbromoaniline
(vi)
CgHsNHy + (CH4C0O):0 ———» C Hs— N—ﬁ—CH; + CHyCOOH
Aniline  acetic anhydride H O acetic acid
N — Phenylethananmide

(vii)

CHN,Cl — W5 __ 5 ¢ | NO, + N, + NaBF,

{# I NaND, 'Cu A

Benzenediazonium Nitrobenzene
chloride



Question12. Why cannot aromatic primary amines be prepared by Gabriel phthalimide
synthesis?

Solution
Gabriel phthalimide 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
I |
, C
0 -
@ gy (N ©: TNK
c C
| [
(8] 0
Phthalimide
R—X
QO 0
[l - 4 [I
C-—ONa NaOH (. Co
R — NH, + - 4 - N—R
Y C-—0ONa e
1° amine I I
O O

N — Alkylphthalimide

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

0
|
@:(1 — Ar X
NK ——— Noreaction
(. -
I
0

Hence, aromatic primary amines cannot be prepared by this process.

Question13. Write the reactions of (i) aromatic and (ii) aliphatic primary amines with
nitrous acid.



Solution
(i) Aromatic amines react with nitrous acid (prepared in situ from NaNO2 and a mineral acid
such as HCl) at 273 - 278 K to form stable aromatic diazonium salts i.e., NaCland H20.

NH, N,Cl
NaNO, + HCI
+ HNO; ————» + NaCl + 2H,0
3 273-278K "
Aniline Nitrous acid Benzenediazomum
chlonde

(if) Aliphatic primary amines react with nitrous acid (prepared in situ from NaNO2 and a
mineral acid such as HCl) to form unstable aliphatic diazonium salts, which further produce
alcohol and HCl with the evolution of N2 gas.

NaNO, + HCI $ =

R-NH; + HNO; —————» [R-N,(l]

Aliphatic Nitrous Aliphatic

primary acid diazonium

alcohol salt H,O

\J
\:? v HC ROH
alcohol

Question14. Give plausible explanation for each of the following:

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

(ii) Why do primary amines have higher boiling point than tertiary amines?

(iii) Why are aliphatic amines stronger bases than aromatic amines?

Solution
(i) Amines undergo protonation to give amide ion.

R-NH, —— R-NH + H

Amide ion



Similarly, alcohol loses a proton to give alkoxide ion.

R-OH —— R-0 + H°
Alcohol Alkoxide

ion

In an amide ion, the negative charge is on the N-atom whereas in alkoxide ion, the negative
charge is on the O-atom. Since O is more electronegative than N, O can accommodate the
negative charge more easily than N. As a result, the amideionis less stable than the alkoxide
ion. Hence, amines are less acidic than alcohols of comparable molecular masses.

(if) In a molecule of tertiary amine, there are no H-atoms whereas in primary amines, two
hydrogen atoms are present. Due to the presence of H-atoms, primary amines undergo
extensive intermolecular H-bonding.

Primary amine

Tertiary amuine

As a result, extra energy is required to separate the molecules of primary amines. Hence,
primary amines have higher boiling points than tertiary amines.

(iii) Due to the —-R effect of the benzene ring, the electrons on the N- atom are less available
in case of aromatic amines. Therefore, the electrons on the N-atom in aromatic amines

cannot be donated easily. This explains why aliphatic amines are stronger bases than
aromatic amines.






