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Arrange the following in increasing order of their basic strength:
(i) CoHsNH,, CgHsNH,, NH3, C¢HsCH,NH, and (CyHs)oNH
(ii) CoHsNH,, (CoHs)oNH, (CoHs)sN, CsHsNH;

(iii) CH3NH,, (CH3)2NH, (CH3)3N, CgHsNH,, CsHsCH,LNH,.

Answer

(i) Considering the inductive effect of alkyl groups, NH3, C;HsNH,, and (C;Hs)2NH can be

arranged in the increasing order of their basic strengths as:

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

Again, C¢HsNH, has proton acceptability less than NHs. Thus, we have:
C,H.NH, <« NH, <« C,H.NH, <(C,H,), NH
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Due to the —I effect of C¢Hs group, the electron density on the N-atom in CgHsCH,NH is
lower than that on the N-atom in C;HsNH, but more than that in NHs. 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;HsNH,, (C; Hs)2NH, and their basic strengths as follows:

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

Again, due to the —R effect of C¢Hs group, the electron density on the N atom in CgHs
NH, is lower than that on the N atom in C;HsNH,. Therefore, the basicity of CgHsNH, is

lower than that of C,HsNH,. Hence, the given compounds can be arranged in the

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

(iii) Considering the inductive effect and the steric hindrance of alkyl groups, CHsNH,,
(CHs),NH, and (CHs)3N can be arranged in the increasing order of their basic strengths

as.
(CH,),N <CH,NH, < (CH,),NH

In CgHsNH,, 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¢HsCH,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
CeHsCH5NH, than in CgHsNH, i.e., CeHsCH,NH, is more basic than CgHsNH-.

Again, due to the —I effect of C¢Hs group, the electron density on the N—atom in
CgHsCH,NH, is lower than that on the N—atom in (CHs)sN. Therefore, (CHs)sN is more
basic than C¢HsCH,NH,. 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

Complete the following acid-base reactions and name the products:
(i) CH5CH,CH,NH, + HCI —?
(ii) (CuHs)sN + HCI




Class XII Chapter 13 - Amines Chemistry

Answer

CH,CH,CH,NH, + HCl —  CH,CH.CH, NH, CI

0) n-Propylamine n-Propylammoniumchloride

(C,H)N + HCl —s (C.H,), NH Cl

(i) Triethylamine Triemethylammoniumchloride

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

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

H CH;
NH; gt N
S CH; S (CHs
CH;l CH;l
e -
Aniline M, W — Dimethvlaniline

With excess methyl iodide, in the presence of Na2CO3 solution, N, N-dimethylaniline

produces N, N, N—trimethylanilinium carbonate.

CH EE =]
o ] + -+
N MNACH3 )1 N{CHz}
™~ CH;
+ 'CH" [ 'r\a:clc'" - (Iﬂ_lz- + 2 Nal
2
N, N - Dimethvlaniling N, N, N - Trmethylamlimum odade M, M, N - Trnmethylanihnium Carbonate

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

Answer
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H
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I
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Anilina Benzovl chloride l
HCl+ -.\i—t‘—@
| i
H ©

M — Phenylbenzamide

Write structures of different isomers corresponding to the molecular formula,

CsHgN. Write IUPAC names of the isomers which will liberate nitrogen gas on

treatment with nitrous acid.

Answer

The structures of different isomers corresponding to the molecular formula, CsHgN are

given below:

CH,-CH,-CH,-NH,

(a)
Propan-1-amine (1°)
(b)
NH;
CHy—CH —CHy

Propan-2-amine (1°)

(c)
CH,-NH-C_H,
N-Methylethanamine (2")
(d)

CH;
|
CH; — N — CH;

N,N-Dimethylmethanamine (3°)
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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

Propan-1-amine Propan-1-ol
{TH__:.— CH— CH!_ + HT\{:]-I., - {"Hv:_ CH— EHI +N1 +HC
l |
NH; OH
Propan — 2 — aming Propan — 2 — ol
Convert

(i) 3-Methylaniline into 3-nitrotoluene.

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

Answer
(i)

NH; N, Cl

AT = ET
— ’zm'Jﬂr@- NACl + 2850
CH: CH:

3 — Methylaniline

MO, MBF,

NaNOs
Cu, b
CH;y

T\.HHFJ_ f N: i
CHy

3 - Mitrotolusne

(i)
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NH, NH; MG
l Er Bir Br Ba
Bry/H,0 MNalNOsHC|
— e
-3 HBr
Aniline Br Br
[[Ji}l!h?‘(h
Br Br
Bi

1, 3,5 - Trbromobenzens

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

(i) (CH3), CHNH, (i) CHs(CH3),NH,

(iii) CH3NHCH(CHs), (iv) (CH3)3CNH,

(v) C¢HsNHCH3 (vi) (CH3CH;)>2NCH;

(vii) m—BrCe¢H4NH,

Answer

(i) 1-Methylethanamine (1° amine)

(ii) Propan-1-amine (1° amine)

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

(iv) 2-Methylpropan-2-amine (1° amine)

(v) N—Methylbenzamine or N-methylaniline (2° amine)
(vi) N-Ethyl-N-methylethanamine (3° amine)

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

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
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(iv) Aniline and benzylamine
(v) Aniline and N-methylaniline.
Answer
(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, + CHCl, +3KOH —— CH, —-NC + 3KCl + 3H,
Methylamine(1") Methylisocyanide

(foulsmell)

(CH, ), NH+ CHCl, + 3KOH —— No reaction
(ii) Secondary and tertiary amines can be distinguished by allowing them to react with
Hinsberg’s reagent (benzenesulphonyl chloride, CcHsSO,Cl).
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.

0 Cl‘:H_a c_T CaH;
I = |-
§—Cl + H—N—CH, ——» S —N—CsHs; + HCI
@ | N/ i
0 0
Benzenesulphonyl chloride M, & — Digthylbenzenesulphonamide

(iii) Ethylamine and aniline can be distinguished using the azo-dye test. A dye is
obtained when aromatic amines react with HNO, (NaNO, + dil.HCI) 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 N,

gas) under similar conditions.
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@—NH« + HoND 22 —2T8 Ky @ﬁz NCI™ + 2H.0

OH Benzenedizzonimm chivmde

b e _ DilNaOH _ o
QN_NH - Q STERT N= HEL

].‘\-l.'ﬂlf.i!lb.‘.v'.:lli.!#l.'lrlllll1'i | — Phenylazo — 2 — naphthol
chikride {orange dye)

2 - Maphthol
CH,CH, - NH, + HONO —= 5 C_H.OH+ N, T+ H,O
(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.

MNaM(Q: + HCI e

(IﬁH_-'\.{\-H: = NH: + H_N{:I: Bl o ol [C{\H;{_"H_}_ N:\_l:__| ]
Benzviaming (Unsiable}
H,0

Nat + CgHiCHy; —OH + HCI

Benzyl alcohaol
On the other hand, aniline reacts with HNO, at a low temperature to form stable

diazonium salt. Thus, nitrogen gas is not evolved.

C,HNH, —2010 ¢ N, C1 + NaCl + 2H,0

(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 + 3H,0
Benzylamine(1") Benzylisocvanide
{toulsmell)
C ,H.NHCH, + CHCI, + 3KOH —— No reaetion
N-Methylaniline
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Account for the following:

(i) pK; 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.
Answer

(i) pKp of aniline is more than that of methylamine:

NH;
|

@ CH; - NH;

Aniling Methyvlamine
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.
NH, (_?:'H: NH;

(i
S po -8

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, pK, 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.
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Ethyiamne
But aniline does not undergo H—bonding with water to a very large extent due to the

presence of a large hydrophobic —CgHs group. Hence, aniline is insoluble in water.
NH;

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

ferric oxide:
CH; —=—— NH; H—OH

Methwlamine Water
Due to the +I effect of —CH5 group, methylamine is more basic than water. Therefore, in

water, methylamine produces OH™ ions by accepting H* ions from water.

CH,-NH,+H-0OH —— CH, —I;JH;+UH
Ferric chloride (FeCls) dissociates in water to form Fe** and CI™ ions.
FeCl, — Fe'" + 3CI
Then, OH™ ion reacts with Fe>* 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,
H HNO; RS
—_— —_— ]
-_“.v"-

MO,
Aniling Al um 1on m-Matroanilime (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 AICl;. But AICl; is acidic in
nature, while aniline is a strong base. Thus, aniline reacts with AICl; to form a salt (as

shown in the following equation).

NH; NH, AICT
=
< oAl —= || ]
-_‘,r"-
Al 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:

.'1\ Mo =N* N=N*

N=N2 N="N?
|
—e I - Qﬂ—h—

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

11}
-

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.




Arrange the following:

(i) In decreasing order of the pK,values:

C,HsNH,, CgHsNHCH3, (CyHs)oNH and CgHsNH,

(i) In increasing order of basic strength:

CeHsNH,, CgHsN(CHs),, (CoHs),NH and CHsNH,

(iii) In increasing order of basic strength:

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

(b) CgHsNH,, CgHsNHCH3, CgHsCH,NH,.

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

CyHsNH,, (CoHs),NH, (CoHs)sN and NH;

(v) In increasing order of boiling point:

C,HsOH, (CH3),NH, C,HsNH,

(vi) In increasing order of solubility in water:

CeHsNH,, (CoHs)oNH, CoHsNH,.

Answer

(i) In C,HsNH,, only one —C,yHs group is present while in (CyHs),NH, two —C,Hs groups
are present. Thus, the +I effect is more in (C;Hs),NH than in C,HsNH,. Therefore, the
electron density over the N-atom is more in (CyHs),NH than in C,HsNH,. Hence,
(C5Hs5)>NH is more basic than CoHsNH,.

Also, both CgHsNHCH; and CgHsNH, are less basic than (CyHs)oNH and C,HsNH, due to
the delocalization of the lone pair in the former two. Further, among CsHsNHCH; and
CegHsNH,, the former will be more basic due to the +T effect of —CHs; group. Hence, the
order of increasing basicity of the given compounds is as follows:

CgHsNH, < CgHsNHCH3 < CoHsNH, < (CoHs),NH

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

CgHsNH, > CcHsNHCH3 > CoHsNH, > (CoHs),NH

(ii) CsHsN(CHs), is more basic than CgHsNH, due to the presence of the +1 effect of two
—CHs groups in CgHsN(CHs),. Further, CHsNH, contains one —CHs; group while (C,Hs),NH
contains two —C,Hs groups. Thus, (CyHs), NH is more basic than C,HsNH,.

Now, CgHsN(CHs), is less basic than CHs;NH, because of the—R effect of —C¢Hs group.
Hence, the increasing order of the basic strengths of the given compounds is as follows:
CgHsNH, < CgHsN(CH3), < CHsNH;, < (C,Hs),NH

(iii) (a)




NH;, NH, NH;

i
o
I
CH; NOy
p=-Tolmdine Aniling p=Mitroaniling

In p-toluidine, the presence of electron-donating —CHs 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

—NO, 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¢HsNHCHs is more basic than CgHsNH, due to the presence of electron-donating
—CHs group in CgHsNHCHs.

Again, in C¢HsNHCH3, —CgHs group is directly attached to the N-atom. However, it is not
so in CgHsCH,;NH,. Thus, in C¢HsNHCH3, the —R effect of —CgHs group decreases the
electron density over the N-atom. Therefore, C¢HsCH,NH, is more basic than C¢HsNHCHs;.
Hence, the increasing order of the basic strengths of the given compounds is as follows:
CgHsNH,; < CeHsNHCH3 < CgHsCH,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:

(CoHs)sN > (CyHs),NH > CoHsNH, > NHs

(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. (CHs3),NH contains only one H—atom whereas C,HsNH, contains two H-atoms.
Then, C,HsNH, undergoes more extensive H-bonding than (CHs),NH. Hence, the boiling
point of C;HsNH, is higher than that of (CHs),NH.




Further, O is more electronegative than N. Thus, C,HsOH forms stronger H—bonds than
C,HsNH,. As a result, the boiling point of C,HsOH is higher than that of C;HsNH, and
(CH5),NH.

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

(CH5)>NH < C,HsNH, < C,HsOH

(vi) The more extensive the H—bonding, the higher is the solubility. C;HsNH, contains
two H-atoms whereas (C,Hs),NH contains only one H-atom. Thus, C,HsNH, undergoes
more extensive H—bonding than (C,Hs),NH. Hence, the solubility in water of C;HsNH; is
more than that of (C,Hs),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¢HsNH, is greater than that of C,HsNH, and
(CaHs),NH.

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

CeHsNH;, < (CyHs),NH < CoHsNH,

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

Answer

()
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S0 . NHzlescess)
CH;CO0H ———= g CH;C0C ————""p {'H;CONH;

Bthanety i Br-/NaOH

CH:NH,

Mathanamine
(i)
{'iftucww-fji[” {‘DnllL{:I:n{?gl“ coc
Hexanemtrile

MH+lexcess)

Br/KOH -

I-Aminepentane

(iii)

PCls Ethanolic NaCN
CHOMN e (O3 o CHLCMN

sthanaol
Methana H*H,0

CHLCO0H

Ethanoic acid
(iv)

NaNOHCl + = 0
CHy - CHy = NHy ——— g [("Hy =~ CH; — N3] —=— CH; = CHy = OH

Ethanamine
FebAn Oy HT

Bry/NaOH NH; {excess)
CH; - NH, -—* " CH;CONH; .,**’f’*& CH;CO0H

Methanaming

(v)
i) LiAIH, sther PCls
cHyco0n LLAHYEIS o CHL0H ——2 e CHLCH,C
(i) Hyr
Ethanoic acid Ethanolic
NaCN
H'/H,0
CHLCH,COOH +———— CHLCH,ON
Propanoic acid

(vi)
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NaN(),/HC] = H0
— e [CHy- NyCl] ——— CH;0H

CH; - NH;
Methanamime
PCI;
H-/MNi Ethanaolic Nal N
CHLCH, N, - : ¥ Y A i bl - 3|
Ma(HgVC:H;OH
Ethanamine
(vii)
Sn/HCT CHCIl/KOH/A

CHy - Ny ————go. CHy ~ NHy —eee— o (", ~ NI¥
{Carbvlamine

Mitromethane reaclion)
Ma/CaH;0H
CH;— NH-CH;
Dimethy lamine
(viii)
NHfexcess) Bry/hUH
CHCHCOOH ————— g CHCHCONH, — e CH;CH,NH,
& {Hoffmann bromamide
Propanoic acid reaction)

NaNO,/HCI
KMnO,/H* H40 oo
CH:COOH -—— 4 CH;CH>OH -+——— [CH3CH. N, T

Ethanoic acid

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

Answer

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 (CgHsSO,CI). 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.
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0 0
I

|
@— |S|—{‘I FH— N—C3H; —= § — N—(3Hy + HCI
|

|
0 H 0 H

Bensenesulphonyl Propanamine N-Propylbenzenesulphonanude
chloride

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.

(8] 8]
@— :s:—ﬂ FH— N—CH;—FQH—' N—CH; + HCl
g CH; 0 LI‘H;
Benzenesulphony] Dumethylamine N, N-Dimethy|benzenesulphonamide
chlonde {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.

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.

Answer

(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, + _‘:K{}Il{zllc.]—"} R-NC +3KCl+ 3H,0
Primary Chloroform Potassium Carbylamine
amine hvdroxide
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 NaNO, and a
mineral acid such as HCI) 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 NaNO, and HCI at 273-278 K, aniline produces

benzenediazonium chloride, with NaCl and H,0 as by-products.

NH, N, Cl
|
MaMi(, - 2ZHC]
e + NaCl + 2H;0
2T3-2TR K 2
Aniline Benzenediazon um
chlorde

(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.

(]
BR— !{|‘—NE[3 + Bry + 4NaOH —# R ~ NH; +NayCO; + 2NaBr + 2H,0

Amide Primary amimne
For example,

o

CH; — |II|'—\'H: + Brs + dNaOH —= CH; - NH; + Na;CO4 + 2NaBr + 2H>0

Ethanagmide Methanamneg
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9}
CiHs — ©— NHa + Bry + 4NaOH — C:H; — NHas + NaaC04y + 2NaBr + 2Ha0
Benzamidea 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.

@— N=NCI +H @DH SO @—\' - N@—DH +CI"+ Hy0

Benzenediazonium Phenol p-Hydroxvazobenzens
chionide (Orange dyve)
A OH o
N=NCI+H WH, — N=N NH; =07 + Ha0
Benzenediazonium Aniline prAminoazobenzene
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 (—NH,) group. This process of cleavage of the carbon-halogen bond is known

as ammonolysis.

N

- . -
MNH3ialc) 4 R - X—» R—-NH;X
Ammonia Alky] halide Substtuted
{Muclzophila) ammonium st

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.
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RNH, — 5 R,NH—2 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.
o

Jo

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 —NH, 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 reaction is carried out in the presence of a base (such as pyridine) which is

stronger than the amine.

H Hy H 'I:'H_1
| | b ]
CH— N ¢ Se— o BBe, E'H-,—(:N =
| (;l)l |
CH, CH, O
N-Methylmethanamine  Acetylchloride l HEl

CHy— N —C—CH;

|
CHy O

N AN-Dimethylethanamde
I
Q””z + CHy—C—0l
Henzenamine Acetyl chloride Pyriding

9]

|
7 N NH—C— CH; + HC

M-Phenvlethanamide
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When amines react with benzoyl chloride, the reaction is also known as benzoylation.
For example,
0

o

C {
N 1 = \‘\H{:l Base \\?\_I'[.[j,
L.]Hjl H: + B W

Ethanaming Benzay| chloride N-Ethvlbanzamde

C,H;

(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.

¥ 0
=S ["'"‘-—-.. i KOH {‘-..._,_‘__‘_ o
O = (s —
¥ U
o Potaszium salt
Phthalimide ; R—X
By of phthalimide
|
0 'l|3|l
| I
' —— ONa MalHiag) C—
e —MNHy @E o et {Hy‘dm]wns]- C— Nk
(1% aming) ” ONa ’ = ”
0 (0]
Sodium salt NeaAlkyIphthal i de

of phthalic acid

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.

Answer
(i)
H Pd h-a]\ﬂ'-_. + HCI
I:[ha.nﬂl "'?3 ITEK
Mitrobenzene Aniline Benzenediazomum
chlorida
CuC™NRCN
COOH Ch
H;0"
{Hvdrolyais)
Benzoic acd Bensonitols
(i)
MO Wi
H\lﬂ I'H!nSﬂ‘l
{N]tratlcn‘p
Benzene Matrobenzene .ln-ﬂn;;-mulntmbc,nzcm.:
SnHC
NHa
dil HabD.l Na‘\lﬁn HCI
"".1- 2T R
d
#r-Bromophenol m-Bromoanilime

(iii)




COOH O] COMNH»

ﬁj SOCl, é NH; @
—— e e e

Benzoic aoid Benzoyl chlonde Benzamide
(HotTmann
bromamide | Br,/NaOH
degradation %
reaction)
MH,
Aniling
(iv)
==
NH- NH ML
Br Br Br Br
HI’E-'IHEU NJNGE."HC]
T EEE—
2732 K
Aniling Br Br
2,4, 6-Tribromoaniline 2,4, 6-Tnbromobenzens

diazonium chloride

HEF

+ -
F N-BF,
Br Br Br Br

-—
-Nj, BF;

Br Br

2,4, 6-Trbromofluorobenzene

(v)




2 |
CH,Cl CH,ON CH2CH3NH,

Ethanolic MaCN Ha/ i
= [IE-S—N
-NaCl

Benzvl chlonde Phenylethanenitrile Z-Phenylethanamine

(vi)
Ci 1

1
NO-
HNO-/H,80; .
(Nitration)
Chlorobenzens
WO,

a-Mitrochlorobenzene

p-Nitrochlorobenzene

{Major product)
Cl Cl
H./Pd
Ethanol
e NH,
p=Nimochlorebenzene pChlorcantline

(vii)
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NH; NHCOCH; NHCOCH;
[(.H'J_CD}:O Brs
. —— T
Pyridine CH;COOH
Aniline M-phenviethanamide
[ Acetanilide) Br
p-Bromoacetanihde
ihayor product)
OH or HT
NH;
Br

p-Bromoaniling

(viii)
CONHA NH: N4l
Bry/™aOH N MNaMO, + HCl
{Hoffmann bromamids 173-2TE K
depradation reaction)
Benzamide Amline Benrenadiazonium
chlonide
Ha() | HzPOR
CH;
l'."E'I;('i FAnhyd AlCEHy
~(Friedel Craft’s alkylation)
Toluene Benzene
(ix)
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NH, N,Cl CN

MaNO, + HCL CuCN/ECN
FREMRE. (Sandmeyer reactmn]-r
Aniline Benzenediazonium Benzomitnle
chlonde
A Hy0*
CHLOH COOH
[I::| Lial H+
(11} H'&G
Benzyl alcohol Benzoic acid

Question 13.9:

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

CH-‘FH-.I Mal "M }A {H :—‘B MathH , Bry >C

(i) 2 Pamial ydrolysis

C,HN,CI— =55 A B2, BNl C
(ii) [ - Tl e L4 3 ¥

C[ l:{_\lI:Br KO };‘h LiAlH, }B |:"\i:., }(-

(iii)

I Fe/HCD MaNO, +HCI HAVH' .
(iv) C ,H.NO, » A "'mk »B —C

(v) CH,COOH — s A B0l 50

. FelICT HMO, U HyOH s
cviy CeHsNO »A—1 5B >C

Answer

()




3CN OH™ il
CH;CH-I -_“'i_iﬁ_-_ CH-CH-CN —Hh CHy —C —CN
L Partial hydrolysis

NH'DH T BF:

Propanenitnla Ethanamide
[A) (B}
CH; — NH;
Methanarmnes
{C)
(ii)
CulN H0 /HY

CeHaMACl ———»= CeHsCN —_— CpHCO0H
Benzowe acid

Cvanobenzzne
(A) {B)
A NH,
CsH;CONH,
Benzamide
()
(iii)
S KON . . LIAIH I
CHiCH Br —2=N g CHRCH:ON  ——4 e CHyCH,CHoNH;
Cyanoethane Projuan = | = amine
(A) {B)
0o | HNO,
CH;CH->CH-0H
Propan ~ | - ol
()
(iv)
i/ E 0, + g =
CHNG, wp CeHsNH, M CeHs — NaCl
Aniline BE Benzenadizonium
{A) chloride
(B)

Al H0/HT

CeH,0H
Phemnol
)




(v)

NH | .
CH;C00H ——2 = CH3CONH; _NaOBr ey
Ethanamce Methanamine
() {B)
MaM(; H(l
CH;0H
Methanol
(<)
(vi)
- Fe /HCI 2 HMNO, + =
{f.Hjh‘lOJ — L{._H_-;NH: —'-I'- ‘:rIH_-g, — Nj_lrl
Aniline MK Benzenadiomum
(A) chloride
(B}
CHsOH

W Wa

= Hydroxyazobenzene

{Cl

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 C¢H;N. Write the structures and IUPAC names of compounds A, B
and C.

Answer

It is given that compound ‘C’ having the molecular formula, CgH;N is formed by heating
compound ‘B’ with Br, 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, CsHN is aniline, (C¢HsNH,).




NH-

Aniling

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

Benzamids

Further, benzamide is formed by heating compound ‘A’ with aqueous ammonia.

Therefore, compound ‘A’ must be benzoic acid.
COOH

Benzoc acid

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

COOH CONH, NH-
[l -5.-;] MaH Bra/ KUH
my A
Benzoie acid Benzamide Henzenaming
(A) {B}) ()

Complete the following reactions:
0 C,H.NH, + CHCI, +alc. KOH —
(i) C,HN.Cl+H,PO, +H,0—
(i) C,H.NH, +H,80 (conc.) >
(iv)
(v)

(vi)

C,H.N.CI+CH.OH —
C . H.NH, +Br,(ag) —

C,H.NH, +(CH.C0),0 —




[:1 H N E‘I ﬁ:llililq
AR FIL ELS

(Vii) (i) Maky (T
Answer
(i)
C'arb*y'!a.mine
CeHsNH; + CHCly + Jale KOH TS3THON o 3p.0 + 3KCL + CH;— NC
Anilige Phesiy]
psocyanide

(ii)

C,H,N.Cl +H,PO, + H,O—- CH, + N, + HPO, + HCI
Benzenediazonium Benzene

chloride
(iii)
C,H.NH, + conc.H,S0, — CﬁHﬁNH;HS&
Aniline Anilinium hydrogen sulphate
(iv)

CHNC + C,HOH — CH, + CH,CHO + N, + HCI
Benzenediazonium  Ethanol Benzene Ethanal

chloride
(v)
NH,

B-r ﬂ.r
'C(._H_qNH.E + ]Brl'i.‘?‘u""' R + 3HBr
Aniline
Br

24,6 - Tribromoaniling
(vi)
CsHsNH, + (CH3C000 ———— CHs— N—C—CHy + CH3CO0H
Aniline  acetic anhydride H 1'; acelie acid

N — Phenylethanamide

(vii)




C,H.N.CI s C H NO, + N, + NaBF,

|.'|:l"\;|\.‘||_. Cu

Benzenediazonium Mitrobenzene

chloride

Why cannot aromatic primary amines be prepared by Gabriel phthalimide synthesis?
Answer
Gabriel phthalimide synthesis is used for the preparation of aliphatic primary amines. It

involves nucleophilic substitution (Sy2) of alkyl halides by the anion formed by the

phthalimide.
0 0
I I
iR - C
H =
i oL TNE
m C
ll |
o 0
Phthalimide
E—X
(3 0
| — I
— — i Na NaOH | G
R — NH; + -4 -— “N—R
= C—0ONa i
17 amng I Il
£y 5]

N — AlkvIphthalimide
But aryl halides do not undergo nucleophilic substitution with the anion formed by the

phthalimide.
0
|
e

@ E‘:HE —al-'—\“l" Mo Teachion
..{"'”’
||

O

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

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

Answer




(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,O0.

NH; NCl
|
MNaMN(++ HCI )
+ HNO; — + NaCl+ 2H:0
) 273-2TE K 5
Aniline Mitrous acid Benzenediazonium
chlonde

(ii) Aliphatic primary amines react with nitrous acid (prepared in situ from NaNO, and a
mineral acid such as HCI) to form unstable aliphatic diazonium salts, which further

produce alcohol and HCI with the evolution of N, gas.

Malk(, +HCH o
R-NH, + HNO: L e [R-N;Cl] ——
Aliphatic MNilrous Aliphatic
primary acid diazanivm
alechol salt H,0
Y
‘*1:1' o HC RGH
alcohol

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?

Answer

(i) Amines undergo protonation to give amide ion.

R-NH, —— R-NH + H°
Amide ion

Similarly, alcohol loses a proton to give alkoxide ion.

FR-0OH — R-0 + H
Alcohol Alkoxide

1on




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 amide ion is less
stable than the alkoxide ion. Hence, amines are less acidic than alcohols of comparable
molecular masses.

(ii) 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.

------ Me=——=Hcecccs W—=Fccccces Ne==T] -==2=
| l l
R R R
Poimary anine
R
I
N—R
l
33

Tertiary anmane

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.




Glucose or sucrose are soluble in water but cyclohexane or benzene (simple six
membered ring compounds) are insoluble in water. Explain.

Answer

A glucose molecule contains five —OH groups while a sucrose molecule contains eight
—OH groups. Thus, glucose and sucrose undergo extensive H-bonding with water.

Hence, these are soluble in water.

But cyclohexane and benzene do not contain —OH groups. Hence, they cannot undergo

H-bonding with water and as a result, are insoluble in water.

What are the expected products of hydrolysis of lactose?
Answer
Lactose is composed of B-D galactose and B-D glucose. Thus, on hydrolysis, it gives B-D

galactose and B-D glucose.

CH;OH CH,0H
() ———

HO 9 HO on

H H
)

OH H 2 (OH H

H H H
H OH H OH

B~ D - galactose [~ D - glucoss
|actose

c.H,0,+H.0 — CH.,O, + C.H,0,

Lactose D-{+)-Glucose  D-{+)-Galactose

How do you explain the absence of aldehyde group in the pentaacetate of D-glucose?
Answer

D-glucose reacts with hydroxylamine (NH,OH) to form an oxime because of the presence
of aldehydic (—CHO) group or carbonyl carbon. This happens as the cyclic structure of
glucose forms an open chain structure in an aqueous medium, which then reacts with

NH,OH to give an oxime.




CHO

(CHOH); DHOH
|

CH-0OH

Glucose

CH=N-0H
{CHOH),
CHA0H

Ohame

But pentaacetate of D-glucose does not react with NH,OH. This is because pentaacetate

does not form an open chain structure.

H————OH

Gl

CHA0H
oS

[open chawm form)

H,0 | NH,OH

CH=NOH

H—-1—0CH
HO——F—H

H———0H

H—T—0OH
CHOH

Chucose oxune

The melting points and solubility in water of amino

CHOH CHOCOCH,

H——OH O H ———— OCOCH;
spof g | OO hco0——n
IS 5 CH;COOH ;

H—}—OH H-———0COCH; O
|‘|_j—‘-' H =

i3 5

CH,OH CH,OCOCH,

ot — glucose + i — glucose

of the corresponding halo acids. Explain.

Answer

o — olucose pentaacelate
+

£ — glucose pentaacetate

No oxine

acids are generally higher than that






