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CHEMISTRY

AMINES

Introduction

Amines are the derivatives of ammonia prepared by the replace ofjone, two or all the
three hydrogenatoms by alkyl and/or aryl groups.

Examples: Q
(i) CHs-NH2 c ]

Structure of Amines : ®

nshared pair of electrons. Hence

In amines, the nitrogen atom is trivalent and
the nitrogenorbitals are sp® hybridised with midal geometry.
The three sp® hybrid orbitals of nitrog erlap with orbitals of hydrogen or carbon

depending on thenature of the amib
The fourth orbital of nitrogen in all 8min€s contains an unshared pair of electrons. It is

due to thepresence of unshared pair lectrons, the angle C-N-E is less than 109.5°.

For example: The bond angle@ ethyl amine is 108°.

Unshared electron pair

Ne
O
NN
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Classification of Amines

H
Replacement of one H atom
L R H
Pdim mine(1°)
H Replacement of two H atom Q
L N—H
econdary Amine(2°)

®
Rl
Replacement of all H ato l

R——N——R"

0 Tertiary Amine(3°)

R, R"and R" can%lk raryl
Preparation of Amines b

Reduction of Nitro Com CD

Nitro compounds on reducti h hydrogen gas in the presence of finely divided nickel,
palladium orplatinumyan on reduction with metals in acidic medium give amines.

CH,NO, —222¢ 5CH,N

NO, NH,
/
Ethanol
NO, NH,
©/ Sn+HClI O/
—_—

or Fe+ HCI
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Ammonolysis

Alkyl halides or benzyl halide on reaction with an ethanolic solution of ammonia
undergoes nucleophilic substitution reaction in which halogen atom is replaced by
an amino (-NH.) group. The process of cleavage of the C-X bon ammonia

molecule is known as ammonolysis.

o + =
NH, + R - X ——RNH, X Q
Nucleophile Substituted ammonium salt Q

The primary amine prepared behaves as a nucleophile and®eacts with further alkyl halide
to formsecondary, tertiary amines, and finally rn monium salt.

R-NH, — 5R,NH—* ,RN—R R, NX

(10 ) (20 ) (30 ) Quaterna@an

The free amine can be obtained from the in’: ium salt by treatment with a strong base.

RNH, X +NaOH——>R —NH, +H,0/N:
In this method, a mixture of pri econdary and tertiary and also a quaternary

ammonium salt.However a primary amine is prepared by taking large excess of ammonia.
a

The order of reactivity of halide mines is Rl > RBr > RCI

O

Reduction of Nitrilﬁ
Nitriles on reducing with/LiAlH4 or catalytic hydrogenation produce primary amines.

CH,C= Nm%ga —CH, —NH,

Reduction of Amides

Amides on reducing with LiAlH,4 yield amines.
o)
(i) LiAIH,

CHa-C-NH
3 > (i) H,0

CH3-CHy-NH,



CHEMISTRY

Gabriel pthalimide synthesis
Pthalimide on reacting with ethanolic solution of KOH forms potassium salt of pthalimide

which onheating with alkyl halide followed by alkaline hydrolysis i he corresponding

primary amine.

(o]
—0
O—0

e
[
v
L&
TN/

N-Alkylpthalimide

| (1° Amine)

c
/
c & C—ONa

(0]
N-Alkylpthalimide

Hoffmann bromamide d ation reaction
In this method, primar s are prepared by treating an amide with bromine in an

aqueous orethanolic s@ﬂ of NaOH.
The amine formed has arbon atom less than the starting amide.

(@]
HSC_H_NM + 4NaQH ——— > CHS-NH2 + N32CO3 + 2NaBr + 2H20

Physical Properties of Amines
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e Solubility
Lower aliphatic amines are soluble in water because they can form a hydrogen bond
with water. Solubility decreases with increase in molar mass of amines due to an
increase in the size of thehydrophobic group.

¢ Boiling points

Among the isomeric amines, primary and secondary am| a high boiling point
because theycan form hydrogen bonds.

Tertiary amines cannot form hydrogen bonds due to th nce of a hydrogen atom for
hydrogenbond formation.

Hence, the order of boiling points of isomeric o

amines isPrimary > Secondary > Tertiary

Chemical Properties of Amines

a) Basic character of amines
< Amines have an unshared pair of :

%

frens on the nitrogen atom due to which they act

as a Lewisbase
% The basic character of amines cwetter understood in terms of their Ko and pKy values.

CvNH+Ho R-NH, + OH"

K [R-NH,][OH ]
[R—NH,]H,0]

[R-NH,][OH ] NH,][OH ]

K[H,0] = RHH]

@ [R-NH,]J[OH] NH ,][OH]
Kb
[R—NH,]
N pK, =—-logK,
< Greater Kp value or smaller pKp indicates that a base is strong.

b) Comparison of basic strength of aliphatic amines and ammonia
Aliphatic amines are stronger bases than ammonia due to the +| effect of alkyl groups,
leading to highelectron density on the nitrogen atom.
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Lone pair more
available

Lone pair less
available

c) Comparison of basic strength of primary, ary and tertiary amines
< The order of basicity of amines in the gaseou se follows the expected order on
the basis ofthe +| effect: b

amines. Thiscan be explained on ghe he following factors:

Tertiary amine > Secondary ami& ary amine > NHs

» Solvation effect
v Greater the stability «@ substituted ammonium cation formed, stronger is the

correspondingamingsas,a base.
v The tertiary amm is less hydrated than the secondary ammonium ion, which

is less hydrated t the primary amine. Thus, tertiary amines have less tendency to
form ammoniumio consequently are least basic.

% In aqueous solution, tertiary amines are basic than either primary or secondary
&‘ af t

H----OH, R

|+ R\N"/ \N+ H OH
R——N——H----OH, > ~ > R— P

| R/ H----OH, R/

i

OH,

10 20 30

Maximum hydration Minimum hydration
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v

On the basis of the solvation effect, the order of basicity of aliphatic amines should
be:Primary amine > Secondary amine > Tertiary amine NHs

> Steric factor

v

As the crowding of the alkyl group increases from primaryjto tertiary, amine
hindrance to hydrogen bonding increases which evep ecreases the basic
strength. Thus, there is asubtle interplay of the indu »ffect, solvation effect
and steric hindrance of the alkyl group which decid e basic strength of alkyl
amines in the aqueous state.

S

When the alkyl group is small like CHs, there is\no steric hindrance to hydrogen
bonding. In this case, the order of basicit queous medium is:
(CH3)2NH > CH3NH2 > (CH3)3N> NH3

When the alkyl group is the ethyl grou@roup order of basicity in the aqueous
medium is (C2Hs)2NH > (CzHs)sN > C3HEN Hs

» Comparison of basic strength ;amines and alkanamines

v

Generally, aryl amines are co ly less basic than alkyl amines.

ic than aniline.
irectly attached to the benzene ring. Hence, the
itrogen is less available for protonation because of

Example: Ethyl amine is mo
In aniline, the —NH> grotp

unshared pair ofelectr
resonance. 6
+ -
C;M 1, , NH, NH, NH,

Dl N T )

NS 11 II1 v Vv

In the above fésonating structures, there is a positive charge on the nitrogen atom
making the lone pair less available for protonation. Hence, aniline is less basic than
ethyl amine which hasno resonating structures.

Less basicity of aniline can also be explained by comparing the relative stability of

aniline andanilinium ion obtained by accepting a proton.
Greater the number of resonating structures, greater is the stability of that species.
Aniline is a resonance hybrid of five resonating structures, whereas anilinium ion
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has only tworesonating structures.

+ +
NH, NH,
sle
I I
v Thus, aniline has less tendency to accept a proton to fo nilinium ion.

» Effect of substituent on the basic character of ami
v An electron-donating or electron-releasing group ( creases basic strength.
v An electron-withdrawing group (EWG) decreases basig strength.

thdraws electrons, destabilizes
cation and decreases basic strength

EDG: releases electrons, stabilizes the
cation and increases basic strength

NH, NH, % NH, NH,
& v e
\

& EWG EWG

EWG = —NO2 ,—CHN,-X(Halogen)

Acylation reaction
> Aliphatic and aromatic primary and secondary amines (which contain replaceable
hydrogen atoms) react with acid chlorides, anhydrides and esters to form

substituted amide.
The process of introducing an acyl group (R—CO-) into the molecule is called acylation.

> The reaction is carried out in the presence of a stronger base than the amine, such

Y
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as pyridine, which removes HCl formed and shifts the equilibrium to the product
side.

Base
R-NH, + RCOCI —— RNHCOR + HCI

Acid Substitutd
chloride amide
(o) (0]

U‘, |l Base Q
R'-NH, *+R-C-O-C-R

o%se o R'NHCOR@OOH

subges
anhydride
Base RMCO%
O

R,NH + RCOCI ——

Important Note: Because tertiary amines contain a replaceable hydrogen atom,

they do notundergo acylation.

Carbylamine reaction %
» On heating aliphatic and aromat ary amines with chloroform and ethanolic

KOH they formisocyanides or carby es which have foul odour.
» Secondary and tertiary amines show this reaction.

» This reaction is used as a tes imary amines.
CH, —NH, + CHCI, +3KO CH, —NC+ 3KCl +3H,0
Reaction with Nitrous aci
» Primary aliphatic act with nitrous acid to form aliphatic diazonium salts.
Being unstable diazoni alts liberate nitrogen gas quantitatively which is used in the
estimation of amin@and proteins.

CH, —NH, #HNO, SeeN0: 0oy N, C']—"2 5 CH,OH +N, + HCI

» Aromatic arN treating with nitrous acid at low temperatures to form diazonium
salts whichare used in the synthesis of a variety of aromatic compounds.

C.H, —NH, —"NoH0l o 1y N CI” +NaCl+ 2H,0

273-278K

» Secondary and tertiary amines react with nitrous acid in a different manner.
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Reaction with arylsulphonyl chloride

Hinsberg’s reagent or benzenesulphonyl chloride (CsHsSO:Cl) reacts with primary amines and
secondary amines to form sulphonamides.

» Primary amine reacts with benzenesulphonyl chloride to form Nsethylbenzenesulphonyl
amide.

o O
S T
O ||4 ¢
CoHs  + HC'Q

| ~
&

The hydrogen bonded to nitrogen is strongly acidic due to the presence of strong electron
withdrawing sulphonyl group and is e soluble in alkali.
» With secondary amine,N,N-diet enesulphonamide is formed.

H5
. D

C,Hs +HCI
8,

N,N-diethylbenzenesulphonamide

/N

O—un=—="0

N-ethylbenzenesulpho

N, N-diethylbenzene sulphonamide does not contain any H atom attached to nitrogen atom so it is not acidic
and is therefore insoluble in alkali.

» Tertiary amines do not react with benzenesulphonyl chloride.




CHEMISTRY

Electrophilic substitution
Ortho- and para-positions to the -NH2 group become centres of high electron density.So -
NH: group is ortho and para directing and a powerful activating gr

(a)Bromination
» Aniline reacts with bromine water at room temperature to hite precipitate of 2,
4,6-tribromoaniline.

NH2 NH2 < )
L
r

Br.
BI'2/H20
+3Br, ————» +

2,$omoannine
Due to the high reactivity of aro%%es, electrophilic substitution takes place at
a

ortho- and para-positions.
For preparing monosubstitute derivative, the -NH> group is protected by
acetylation with acetic anhydri&n carrying out the desired substitution followed
by the hydrolysis of the substit amide to the substituted amine.
O (e}
|| ” NH,

NH, NHC-CH; NHC-CH;

(CH3Cg:z ' Br2 OHor H*
% CH;COOH
N Br
4-Bromoaniline
(b) Nitration
» Nitric acid is a nitrating agent plus a good oxidising agent. So direct oxidation of aromatic
amines is not useful since it gives tarry oxidation products along with some nitro

derivatives.
» In strong acidic medium, aniline is protonated to form the anilinium ion which is meta
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directing. Hence besides the ortho and para derivatives, significant amount of meta
derivative is also formed.

NH,
NO,
2

NH, NH, NH
© HNO4,H,S0,,288 i;@
+

2
NO, Q

(51%) 7% (2%)

» However if we protect the —NH; group by acetyla

atien reaction with acetic anhydride, the
nitrationreaction can be controlled and the p—ni ivative derivative can be prepared

as the major product. 0
NHCOCH3 NHCOCH3 NH2

(CH3CO)20 ’%SO4,288K OH-Or H+
—_—
Pyridine

% N02 N02
A@'Iide p-nitroacetanilide p-nitroaniline

(c) Sulphonation D

Aniline on reactin
heating withysul i

major prod%

|

ith sulphuric acid forms anilinium hydrogen sulphate which on
acid at 453-473K gives p-aminobenzene sulphonic acid as the




CHEMISTRY

+ +

NHz NH3HSO, NH, NH;
H,S0O, 453-473K
—_ —_ ?
o
Anilinium S Q °
hydrogen sulphate - ) Zwitter ion
Sulpha id
Aniline does not undergo Friedel-Crafts reaction due sdlt formation with Lewis acid
aluminium chloride which is used as a catalyst. ,As t, nitrogen of aniline acquires
positive charge and hence acts as a strong deactivati oupfor further reaction.

Diazonium Salts

e Diazonium salts have the general formul%

v" Where R = Aryl group
v Xion =CI Br, HSO4, BF, etc.

e A suffix diazonium is added to t nt hydrocarbon from which they are formed
followed by thename of the anion.
v' Anion = chloride, hydrogens%, etc.

v" Diazonium group = N*»

ighly unstable alkyldiazonium salts whereas primary
zonium salts which are stable for a short time in a solution

e Primary aliphatic amines
aromatic aminesform’a
at low temperatures.

e The stability of aren@diazonium ion is explained on the basis of resonance.

N 8 8 =
. e 2 @ e 2
=N: N=N: N=N: N=N:
@ 2]
> > >
@

Preparation of Diazonium Salts
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e Benzenediazonium chloride is prepared by the action of aniline with nitrous acid at 273-
278K.

e The conversion of primary aromatic amines into diazonium salts is known as diazotisation.

C.HNNH, +NaNO, +2HCI —22-Z%_,C H N, CI +NaCl+2H,0
Physical Properties

e Benzenediazonium chloride is a colourless crystalline solid G
<witb

e |tis readily soluble in water and is stable in cold but react warm water.
e |t decomposes easily in the dry state.
e Benzenediazonium fluoborate is water insoluble and le 8t room temperature.

Chemical Reactions

Reactions involving displacement of N%
> Replacement by halide or cyanide %

This reaction is called Sandmeyer r io hich nucleophiles like CI,Br-and CN" can be
easilyintroduced in the benzene ring resence of Cu(l) ion.

Cu,Cl,/HC
) | +N,
Cu r
+ - 2
ArN,X @ ArBr + N,
/

KCN
ArCN + N,

Alternatively, ne @y’bromine can also be introduced in the benzene ring by treating
the diazoniurﬁ% ution with corresponding halogen acid in the presence of Cu
isre

powder. This d as Gatterman reaction.
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Cu/HCI
—»  ArCl + N, + CuX

e &
S

Cu/HBr
— 3 ArCN+N, +CuX

» Replacement by iodide ion: o
lodobenzene is formed on treating diazonium salt solution with potassium iodide.

ARLX  +KI —— Arl +KCl+N, ?
> Replacement by fluoride ion:

Arenediazonium chloride on treating with@ric acid gives a precipitate of arene
diazoniumfluoroborate which on heatingMposes to give aryl fluoride.

- +
AN,Cl +HBF, —» Ar- v%» Ar-F + BF5 + N,

> Replacement by H:
Hypophosphorus acid or ethanol & reducing agents and reduce diazonium salts to
t

arenesand themselves get oxidi osphorus acid and ethanal respectively.
ArN,Cl + H3POj3 + H,0 H + N, + HyPO3 + HCI
ArN,CI + CHa CH,OH @ Ar H + Np + CH3CHO + HCI

» Replacement by hyd roup:

Diazonium salt soluti@s hydrolysed to phenol when the temperature is allowed to
rise up to283K.

ARLGI + w_, ArOH + N + HCI

> Replacement O, group:
On heating diazonium fluoroborate with aqueous sodium nitrite solution in the presence
of copper,the diazonium group is replaced by —NO; group.
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* 5 +
NoCl N,BF, NO,

NaNO
+HBF; —— 2 + N, + NaBF,

Reactions involving retention of diazo group couplitions

v Benzene diazonium chloride reacts with phenol in whi@ phenol at its para position
is coupled with the diazonium salt to form orange colour dye called p-

o
hydroxyazobenzene.
v The reaction of diazonium salt with aniline g ye p-aminoazobenzene.
v The reaction is known as coupling reactio i an example of electrophilic
substitutionreaction. 0
.\ _ OH
N=NCI + OH —
N OH + CI + H,O

p-hydroxyazobenzene (orange dye)

Ne
O
Ny
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N==NCl + H NH, ——

p-aminoazobenzene (yellow dye)

N=——=N NH, + CI +

p-hydroxyazobenzene (orange ye)
[

Importance of Diazonium Salts in Synthesi {c Compounds

e Diazonium salts are very good intermediat @roducing —F, —Cl, —Br, —I, —CN, —OH,—
NO; groupsinto the aromatic ring.

e Direct halogenation method cannot be u reparing aryl fluorides and iodides.
e Cyanobenzene can be easily prepared fr zonium salt.
o

e Thus the replacement of diazo group r groups is useful in preparing substituted
aromatic compounds which cannot b epared by direct substitution in benzene or

substituted benzene.
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Important Questions

Multiple Choice questions-

Question 1. Which of the following does not react with Hinsberg reagént®
(a) Ethylamine

(b) (CHs)2NH

(c) (CHs)sN

(d) Propan-2-amine

C.H.NH NaNO/HCl | y _ PBy Nﬂsﬁ 9
Question 2. Sl (excess
®

in above sequence, Z is

(a) Cyanoethane
(b) Ethanamide
(c) Methanamine
(d) Ethanamine
77@%

Question 3. Oxidation of aniline with K,Cr,0

(a) phenylhydroxylamine

(b) p-benzoquinone %

(c) nitrosobenzene

(d) nitrobenzene

Question 4. Which of the following an%:an exhibit enantiomerism?
(a) Benzeamine

(b) 2-Butanamine

(c) 2-Propanamine

(d) 2-Methyl-propanamine.

Question 5. Which of thewz when heated with a mixture of ethanmine and alcoholic potas|
gives ethyl isocyanide?

(a) 2-chloropropane @

(b) 2,2-dichloropr

(c) trichlorometh
(d) tetrachloromet

Question 6. Which of the following pair of species will yield carbylamine?
(a) CH3CH2Br and KCN

(b) CH3CH2Br and NHs (excess)

(c) CHsCH2Br and AgCN

(d) CH3CH2NH; and HCHO
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Question 7. Which one of the following methods is neither meant for the synthesis nor for
separation of amines?

(a) Hinsberg method

(b) Hoffmann method

(c) Wurtz reaction
(d) Curticus reaction

Question 8. CsHsCONHCH3 can be converted into C¢éHsCH,NHCH %

(a) NaBH4

(b) H2-Pd/C

(c) LiAIH4

(d) Zn-Hg/HCI [ )

Question 9. C¢HsN*; CI™ + CuCN - CeHsCN + N3 + CuCl. ove chemical reaction is associated w

which of the following name:
(a) Balz Schiemen

(b) Gattermann

(c) Shimonini 0

(d) Sandmeyer. N

Question 10. The reaction of aniline with be% oride gives

(a) Benzoin
(b) Benzanilide
(c) Benzalaniline

(d) Benzamide &

Very Short Questions-

1.For an amine RNH,, write an e ion to indicate its basic strength.
2. Give one use of quaternar onium salts.

3. Give one example of Hm Bromamide reaction

4. Distinguish between ethylamine and aniline.

5.The IUPAC name of sec amine having lowest molecular mass is
6.Give an example iazotization

7. Write one use ia m salt
8.How can the react f aromatic amines be controlled?

9.Give one use of tertiary amines.
10. Name a reagent which can distinguish between primary, secondary and tertiary amine

Short Questions--

1. It is difficult to prepare pure amines by ammonolysis of alkylhalides.

2. Amines have higher boiling points than hydrocarbons of similar molecular mass.
3. Aniline is weaker base than cyclohexylamine.

4. Methylamine is a stronger base than aniline.
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5. Before nitration, aniline is converted to acetanilide.

6. It is easier to brominate aniline as compared to benzene.

7. Reduction of nitro compound to aniline using iron scrap and HCl is preferred.
8. Aromatic amines cannot be prepared by Gabriel Phthalimide synthesis.

9. During acylation of amines, pyridine is added.

10. Aniline does not undergo Friedel — Craft’s reaction.

Long Questions-

1. (i) Write structures of different isomeric amines correspondingttesthe molecular
formula, CeHy N

(ii) Write IUPAC names of all the isomers.

(iii) What type of isomerism is exhibited by different pairs‘ef amines?
2. Arrange the following in increasing order of theig basiesstrength:

(i) C:H:NH;.CH,NH, NH; CH,CH,NH, , 4 (C.H; ), N}
(if) CH:NH:.(C:H; ), NH.(C.H; ), N.C.H,NH;

(iii)
3. Write structures of different isomers corresponding to the molecular formula, . Write
IUPAC names of the isomers which will liberatesmitrogen gas on treatment with nitrous acid.

CH;NH,,(CH;), NH, (CH;, ), N,CH,NH, ,C.H,CHyNH,
C.H.N

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

. (CH,),CHNH, ,.., CH,(CH,), NH,

(iy 7 (i) TR

(iiiy CH:NHCH(CH, ), .. (CH;), CNH,

(v) CHSNHCH; () (CH:CH, ), NCH ;) m ~BrC.H,NH,

vii)

5. Give one chemical testerdistinguish between the following pairs of compounds.
(i) Methylamine and dimethylamine

(ii) Secondary and terti@hgamines

(iii) Ethylamine and aniline

(iv) Aniline and benzylamine

(v) Aniline and N-methylaniline.

6. 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.
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(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.

7. Arrange the following:

(i) In decreasing order of the pKbvalues:

C,HNH, C,HNHCH,. (C,H.),NH__, C.H.NH,

(ii) In increasing order of basic strength:
CHNH, CHN(CH,), (CH),NH__ . CH,NH,

’

(iii) In increasing order of basic strength:

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

(b) CHNH, CHNHCH, CHCH,NH,

(iv) In decreasing order of basic strength in gas phase:
y H: ), Nz Y

C:HNH. (cops)anH, (€l ™ gng NH,

(v) In increasing order of boiling point:

C,HOH (CH;),NH C,H.\NH,

’

(vi) Inincreasing order of solubility in water:
CHNH, (CH ),NH CHNH,

8. 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 ethanoictacid

Assertion and Reaspy Questions-

1. In these questionsya stateément of assertion followed by a statement of reason is given.
Choose the correctydnsweér’out of the following choices.

a) Assertion and reason both are correct statements and reason is correct explanation for
assertion.

b) Assertion and reason both are correct statements but reason is not correct explanation
for assertion.

c) Assertion is correct statement but reason is wrong statement.

d) Assertion is wrong statement but reason is correct statement.
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Assertion: Ortho substituted anilines are usually weaker bases than anilines.
Reason: This is due to ortho effect.

2. In these questions, a statement of assertion followed by a statemedtéfireason is given.
Choose the correct answer out of the following choices.

a) Assertion and reason both are correct statements and reasemyis correct explanation for
assertion.

b) Assertion and reason both are correct statements but p&ason is not correct explanation
for assertion.

c) Assertion is correct statement but reason is wrong statement.

d) Assertion is wrong statement but reason is correct statement.

Assertion: In strongly acidic solutions, aniline becomesunore reactive towards electrophilic
reagents.

Reason: The amino group being completely protenated in strongly acidic solution, the lone pair
of electrons on the nitrogen is no longer available forresonance.

Case Study Questions-

1. Read the passage given below and apswer the following questions:

Amines are alkyl or aryl derivatives of ammonia formed by replacement of one or more
hydrogen atoms. Alkyl derivatives age called aliphatic amines and aryl derivatives are known as
aromatic amines. The presence ofsasomatic amines can be identified by performing dye test.
Aniline is the simplest example @f aromatic amine. It undergoeselectrophilic substitution
reactions in which -NH; groupsstrongly activates the aromatic ring through delocalisation of
lone pair of electrons of N-atem. Aniline undergoes electrophilic substitution reactions.

Ortho and para positions @jthe “NH group become centres of high electrons density. Thus, -
NH; group is ortho and para-directing and powerful activating group.

The following questiofs,are’multiple choice questions. Choose the most appropriate answer:
(i) Cyclohexylamine%and aniline can be distinguished by:

a) Hinsberg test.

b) carbylamine test.
c) Lassaigne test.

d) azo dye test.

(ii) Which of the following compounds gives dye test?
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a) Aniline.

b) Methyl amine.
c) Diphenyl amine.
d) Ethyl amine.

(iii) Aniline when acetylated, the major product on nitration followed,by alkaline hydrolysis
gives:

a) Acetanilide.

b) o-nitroacetanitide.
c) p-nitroaniline.

d) m-nitroanitine.

(iv) Oxidation of aniline with manganese dioxide,and stifphuric acid produces:

a) Phenylhydroxylamine.
b) Nitrobenzene.

c) p-benzoquinone.

d) Phenol.

(v) Aniline when treated with cone. HNO3and H.S0s gives:

a) p-phenylenediamine.
b) m-nitroaniline.

c) p-benzoquinone.

d) Nitrobenzene.

2. Read the passage given below and answer the following questions:

The amines are basic in nature due to the presence of a lone pair of electron on N-atom of the -
NH2 group, which it can donatee electron deficient compounds. Aliphatic amines are stronger
bases than NH3 because afthel+l effect of the alkyl groups. Greater the number of alkyl groups
attached to N-atom, higheristhe electron density on it and more will be the basicity. Thus, the
order of basic natureef amines is expected to be 3° > 2° > 1°, however the observed order is 2°
>1°>3° This is explainedion the basis of crowding on N-atom of the amine by alkyl groups
which hinders the approach and bonding by a proton, consequently, the electron pair which is
present on N is unavailable for donation and hence 3° amines are the weakest bases.

Aromatic amines are weaker bases than ammonia and aliphatic amines. Electron-donating
groups such as -CHs, -OCHjs, etc. increase the basicity while electron-withdrawing substitutes
such as -NO3, -CN, halogens, etc. decrease the basicity of amines. The effect of these
substituents is more at p than at m-positions.
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The following questions are multiple choice questions. Choose the most appropriate answer:
(i) Which one of the following is the strongest base in aqueous solution?

a) Methyl amine.
b) Tri methyl amine.
c) Aniline.

d) Dimethyl amine.

(ii) Which order ofbasicity is correct?

a) Aniline > m-toluidine > o-toluidine
b) Aniline> o-toluidine > m-toluidine
c) o-toluidine > aniline> m-toluidine
d) o-toluidine < aniline < m-toluidine

(iii) What is the decreasing order of basicity, of primary, secondary and tertiary
ethylamines and NHs?

a) NH3 > C2H5NH2 > (Csz)zNH > (C2H5)3N
b) (CzHs)sN > (CoHs):NH > CoHsNH2 > NH3
c) (CzHs)2NH > CoHsNH2> (CaoHs)sNS\NH3
d) (CzHs)2NH > (C2Hs)sN > C;HsNH2 > NH3

(iv) The order of basic strength among the following amines in benzene solution is:

a) CHsNH; > (CHs)sN > (CHz),NH
b) (CH3)sN > (CH3)2NH 3 CHsNH.
c) CHszNH; > (CHs)2NH.> (€H3)sN
d) (CHs)sN > CH3NHz2 > (CH3).NH

(v) Choose the correctistatément.

a) Methylamine iswstightly acidic.

b) Methylamineis'less basic than ammonia.

c) Methylamingis a stronger base than ammonia.
d) Methylamine forms salts with alkalies.

MCQ Answers-
1. Answer: (c) (CHs)sN

2. Answer: (d) Ethanamine
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3. Answer: (b) p-benzoquinone

4, Answer: (b) 2-Butanamine

5. Answer: (c) trichloromethane

6. Answer: (c) CHsCH2Br and AgCN &

7. Answer: (c) Wurtz reaction Q
Q

8. Answer: (c) LiAlHa

9. Answer: (d) Sandmeyer.

o
10.Answer: (b) Benzanilide %
Very Short Answers- b

Ans 1.
RNH,+H,0 = RNH; + OH" N

x _ [RNH;] [OH]
’ [RNH, ] %

Ans 2. Quaternary ammonium salts are @l’ sed for manufacture of synthetic detergents.

Ans 3. In Hoffmann — Bromamide rea n acid amide is reacted with Bromine in presence of a

base to give a primary amine havin arbon less than the starting amide.
RCONH, +Br, +4NaOH — RNH, =N O, +2NaBr +2H,0

Ans 4. Ethylamine and aniline ca istinguished by azodye test. On treating aniline with benzen
diazonium salt, orange ored azodye is formed which is not formed with ethyl amine.
0cC )

— NH, +Cl-N=N N) —» | e N= N — () —NH,

Ariline azodye

CH,CHNH, + Cl-N =N — | —— No reaction

Ans 5. N- Methylmethanamine.

Ans 6. During diazotization benzene diazonium chloride is prepared by the reaction of aniline with
nitrous acid at 273 - 278 K
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Ans 7.Diazonium salts are used in preparation of substituted aromatic cémipounds.
Ans 8.The reactivity of aromatic amines can be controlled by acylation.
Ans 9.Tertiary amines like trimethylamine are used as insect attractants.

Ans 10. P- Toluenesulphonyl chloride Hinsberg reagent can be used as a distinguishing reagent for
primary, secondary and tertiary amines.

Short Answers-

Ans 1. The process of ammonolysis yields a mixtupe, of PFimary, secondary, tertiary amines and
quaternary salts. The separation of this amines is,a very complicated process and difficult. Therefol
it is difficult to prepare pure amines by ammanolysis"of alkyl halides.
NH 0o &
} Rx Rx Rx

Rx — RNH, _ > RNH —— (o gy > [R.N] X
-Hx -Hx : da. (

Ans 2. Amines have higher boiling points than'hydrocarbons of comparable molecular mass due to
the presence of intermolecular hydrogen bond in amines which is absent in hydrocarbons.
Therefore, amines exist as associate@umolecules and have higher boiling points.

R R R
| I
------- H— N ————— HW&&/ N -—————-—H N ==
| I I
R R R

In alcohols and carboxylic/a€ids, the electro- negativity of oxygen is more than nitrogen of amines.
Therefore the hydrogen bends of alcohols and acids are stronger than in amines and alcohols &
carboxylic acids hawe higher boiling points.

Ans 3. As a result ofigesonance in aniline; the lone pair on nitrogen delocalized over the benzene ri
and is less available for protonation than in cyclohexyl amine which does not undergo resonance.
Resonating structure of aniline —

NH, NI E
. S ik

Je «— ]

|

I 11 In1 v v
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Ans 4. Due to electron donating nature ofCHf, group, electron pair. Availability at N- atom in meth
amine is much higher than that in aniline; in aniline the benzene ring decreases the electron densit

at N- atom in aniline. Thus “#:"F:js 4 stronger base than aniline.
NH,
¥ o Y CH, —» NH&
{__ O Methylamine
Aniline

Ans 5. Aniline is very much susceptible to nitration and nitkic acid is a strong oxidizing agent.

Therefore to avoid oxidation of aniline, _‘\Higroup is protected by its acetylation to acetanilide

which undergo nitration smoothly without any oxidation®
MNH.,

Aniline Benzene

Ans 6. In aniline, due to +R effect of _'\Higroup the benzene ring gets activated to a large extent a
it becomes easier to brominates aniling as compared to benzene.

Ans 7. For reduction of nitro compeoundsito aniline, iron scrap and HCl is preferred because Hetly
formed gets hydrolysed to releaseddChduring the reaction & therefore only a small amount of HCI |
required to initiate the reaction;

Ans 8. Aromatic amines cannot be prepared by Gabriel pythalimide synthesis as aryl halides do not
undergo nucleophilic substitutiom’with the anion formed by pythalimide.

Ans 9. Acylation of aminestiss€arried out in presence of pyridine or another base stronger than
amines as it removes,HCl seyformed and shifts the equilibrium in forward direction.

Base
C_,,Hﬁl NH__}, + CH_{ COSi - — C_,_,HL.J. NHCO CH_:_I + HCI

Ans 10. During Fridel Craft’s reaction, aniline forms salt with aluminum chloride, the catalyst of
reaction due to which nitrogen acquires a positive charge and acts as a strong deactivating group f
further reaction.

Long Answers-
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Ans 1. (i), (ii) The structures and their IUPAC names of different isomeric amines corresponding to

the molecular formula, <HuN
(a) CH:-CH.-CH, -CH, -NH,

Butanamine' o
NH,
(b) CH,-CH,- CH -CH, Q

are given below:

. (19)
Butan-2-amine /
CH.

3

I
(©) CH,- CH-CH,-NH, ®
2-Methylpropanamine (1%)
CH,

CH;- C -NH,
(@) 0
2-Methylpropan-2-amine (1%) N

) CH,-CH,-CH,-NH-CH,

: &
W
N-Methylpropanamine "~ - b

(f) CH:-CH; NH-CH, -CH,
N—Ethylethanamine"2 )
CH;
CH.-CH-NH-CH;
wesa O
N-Methylpropan-z-amin%
CH;

(h) CH:-CH:

N, N-Dimethyleth '

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

The pairs (a) and (% d (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

Ans 2. (i) Considering the inductive effect of alkyl groups, NH;.C,H;NH, 54 (g can be
arranged in the increasing order of their basic strengths as:

NH, < C,H,NH, <(C,H;), NH

Again, CeH;NH, o proton acceptability less than NH, Thus, we have:
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C.H;NH, < NH; < C;H,NH, <(C;H;), NH

C.H.CH,NH,

Due to the — | effect of C<Hs group, the electron density on the N-atom in is lower thar

that on the N-atom in Cin:\H:, but more than that in NH; Therefore, the given compounds can k
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 @y
,H.NH,.(C,H.)2NH, : .

groups, C,H,NH, ,(C;H, ) 2NH, and their basic strengths as folleWs:

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

¢ CH C.H,NH,

sity@n the N atom in is lower

¢ C:H,NH,

Again, due to the — R effect o sgroup, the electron d

than that on the N atom in C.H,NH, Therefore, the basiei
of GH:NH, Hence, the given compounds can be arr, in
strengths as follows:

C.H,NH, < C;H,NH, <(C.H,), N <(C,H,), NH 0
CH,NH,.(CH,), NH

(iii) Considering the inductive effect and theteric hindrance of alkyl groups, ,
(CH;),N

is lower than that

e increasing order of their basic

and . .can be arranged in the i ing©rder of their basic strengths as:
(CH;), N<CH;NH, <(CH,), NH

In CfH-“\Hi, N is directly attached to %nzene ring. Thus, the lone pair of electrons on the N—
I

atom is delocalized over the benze n CfoCH:‘\HI, N is not directly attached to the benzen
ring. Thus, its lone pair is not delocali over the benzene ring. Therefore, the electrons on the N

atom are more easily available tonation in CeHsCHNH 4oy CoHsNH, i.e., CeHsCH,NH,;

more basic than CsHsNH;
Again, due to the — | effect o group, the electron density on the N —atom in C:H.CH,NH,;
N

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

lower than that on the N %/atom in . Therefore, * 7~ 73/:"" is more basic than
Thus, the given co can be arranged in the increasing order of their basic strengths as

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

C.H, < C:.HSCH:’.\'I-I%‘__

Ans 3. The structures of different isomers corresponding to the molecular formula, CH:Ngre givel
below:

.—CH, -CH, -NH,
(a) CH: ~CH, —CH, - NH,

Propan-1l-amine (1%)

(b)



science  J AMINES |

NH:
CH, -CH-CH,
Propan-2-amine (1%
(c)
CH,-NH-C,H,
N-Meathylethana minei 2:
(d)

CH;
CH,- N -CH;

20
1537)

N, N-Dimethylmethanamine
1®amines, (a) propan-1-amine, and (b) Propan-2-amine will liberate nitrogen gas on treatment witl
nitrous acid.
CH,CH,CH,NH,+HNO, — CH,CH,CH,OH+ N [%HCL

Propan—l-amine Propan—I—ol
CH, — CH- CH, + HNO, —>CH, ~CH- CH, + N, +HCl

NH; OH
Propan—2—amine Propan—2—ol

Ans 4. (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-methylafiiline (2“amine)
(vi) N-Ethyl-N-methylethanamine (3®amine)

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

Ans 5. (i) Methylamine and dimethylamine can be distinguished by the carbylamine test.
Carbylamine test: Aliphatic ap@®aromatic primary amines on heating with chloroform and ethanolic
potassium hydroxide form feul-smelling isocyanides or carbylamines. Methylamine (being an
aliphatic primary amine) giViés.a positive carbylamine test, but dimethylamine does not.

(ii) Secondary and tertiary@mines can be distinguished by allowing them to react with Hinsberg’s

reagent (benzenestilghonyhehloride, C.H;SO.Cl ).

Secondary aminesyeactwith 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 reac
with Hinsberg’s reagent.

(iii) Ethylamine and aniline can be distinguished using the azo-dye test. A dye is obtained when

. : . NO,( NaNO, +dil. e RO . . .
aromatic amines react with St HCllat 0-3°C, followed by a reaction with the alkalil

solution of 2-naphthol. The dye is usually yellow, red, or orange in colour. Aliphatic amines give a
brisk
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effervescence due (to the evolution of ™ gas) under similar conditions.
OH

>7\ll: & HONO { >7 \ Cl” = 2H. O
O

<_7;\>v—- ‘:‘ - NCT - Cﬁ‘ |“ il N ’“” / k\\k)‘ A>
bR .g?'__'*\ |~ Phyorylaz - 2
N .

CH.CH, -NH, + HONO—=5C.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 nitritémBenzylamine reacts with nitrous a
to form unstable diazonium salt, which in turn gives alcohiol with the evolution of nitrogen gas.

MaMNOE HL #
CaHlsUHA MH: + HNO; —m————p 5( H{OCHS M1 J

{Llinstahle)

lu_.n

Nat ¢ CiHCH: —OH + Hl
Benzvl alcohol

H HNO,

Benay lamine

On the other hand, aniline reacts wit
Thus, nitrogen gas is not evolved.

C.H.NH, C.H, - N, Cl+ NaQl'+ 30

(v) Aniline and N-methylaniline can be distinguished using the Carbylamine test. Primary amines, o
heating with chloroform and ethanoliggpotassium hydroxide, form foul-smelling isocyanides or
carbylamines. Aniline, being an aromatic pfimary amine, gives positive carbylamine test. However,
methylaniline, being a secondary aminedoes not.

at'alow temperature to form stable diazonium salt.

NaNO.-HC!
g

Ans 6. (i) pKbof aniline is more than that of methylamine:
MNH-

@ CH; — NI

Aniline Methylamine

Aniline undergoes resonangeg@nd as a result, the electrons on the N-atom are delocalized over the
benzene ring. Therefore, theelectrons on the N-atom are less available to donate.

( NH; NH; Sp NH; NH-

GG B4
= \j < T

On the other hand, in case of methylamine (due to the +l effect of methyl group), the electron
density on the N-atom is increased. As a result, aniline is less basic than methylamine. Thus, pKb ol
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 i
water.
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C-H, H CaHs H
Ethvlanunes

But aniline does not undergo H — bonding with water to a very large extént due to the presence of
large hydrophobic — C6H5 group. Hence, aniline is insoluble in water.

L

H
i
(iii)Methylamine in water reacts with ferric chloride to precipitateshydrated ferric oxide:
CHy; —»— NH; H—0OH

Methylamine Water

Due to the +l effect of — CHEgroup, methylamine is more’hasic®than water. Therefore, in water,
methylamine produces OH — ions by accepting H+ ions fremwater.

CH,~NH,+H~-OH —— CH, ’N“‘_i()ll

Ferric chloride (il dissociates in water to fornut em@d CL jons,

FeCl, —— Fe'" + 3ClI
Then, OH —ion reacts with Fe3+ ion to form alprecipitate of hydrated ferric oxide.
2Fem + 60OH° —— Fe.,0,-3H.0O
Hydrated
ferric oxide
(iv)Although amino group is o, p — directing in aromatic electrophilic substitution reactions, anilii
on nitration gives a substantial amount of m-nitroaniline:
Nitration is carried out in an acidic mediund. In an acidic medium, aniline is protonated to give
anilinium ion (which is meta-directing).

MNH, MNH;y MHA
|
HY HENG Q
—_— — -
Aruling Anlingurm o6 mi-Nitroigee (4786}

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

AlCI,

£ 4ICE gyt 3is acidic in nature, while

A Friedel-Crafts reaetion issearried out in the presence o

aniline is a strong hase. Thus, aniline reacts with AICE 16 form a salt (as shown in the following
equation).
NH; NH-AICI;
O O
£ Alcl, ——= || |
=
Amline 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:
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The diazonium ion undergoes resonance as shown below:

+ (X, v o
N=n N=Ni

B i

This resonance accounts for the stability of the diazonium ion. Hencgpdiazonium salts of aromatic
amines are more stable than those of aliphatic amines.
(vii)Gabriel phthalimide synthesis is preferred for synthesising pri amines:
Gabriel phthalimide synthesis results in the formation of amine@c’or 3% amines are not forme
in this synthesis. Thus, a pure 1° amine can be obtained. Ther&fore, Gabriel phthalimide synthesis |
preferred for synthesizing primary amines. G

o

,only one — GH; group is pre

(C.H,), NH |

CH

C,H,NH, , two — “25 groups are

(C,H;),NH

Ans 7. (i) In ile

HVH: Therefore, the electron density
(C,H;), NH

h
CI:

present. Thus, the +| effect is more in

(C,H;),NH

over the N-atom is more in than in 4. Hence, is more basic than

C,H.NH,
Also, both CHNHCH: 5nq CHNH gra e Nan (CH,), NH and SN que to the
C.HNHCH; 5, ¢ CHNH, 4o

e

delocalization of the lone pair in the fo urther, among

CH, group. Hence, the order of increasing basic

C.H,NH,, C.H,NHCH, C:H_;.\HS ), NH

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

(ii) 2 ismore 95-772 due to the presence of the +1 effect of two -CH3 grou
in Cols "»CH-"l. Further, contains one — <#: group while gl e contains two
— &5 groups. Thus, (& is more basic than €272
Now, CoHsN(CH;) ic than CH3NH2 because of the-R effect of — &<s group.
Hence, the increas r of the basic strengths of the given compounds is as follows:
C:HNH, . C:H;N(CH:);_ CH;NH, _ (C,H;), NH
(iii) (a)
NH; NH- NH»
CHx L 1

-Tolurdine Aniline p-MNirroanbine



SCIENCE

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

s group decreases the electron density over the N-atom in p-ni
less basic than aniline.
Hence, the increasing order of the basic strengths of the given c@u ds is as follows:

e. Thus, p-nitroaniline i

p-Nitroaniline< Aniline <p-Toluidine
(b) CHNHCH: s more basic than SZ:V: due to the prese@ electron-donating —CH, group

iry C<H;NHCH,
Again, ianH-"\HCH-‘, _CeH; group is directly attached to the NSatom. However, it is not so in
CoH;NH NH, | Thus, in Cfo‘\HCH-‘, the -R effect offsC: decreases the electron density ove

the N-atom. Therefore, C.H:NHCH,; is more basic th ¢ CH?.

Hence, the increasing order of the basic strengths
C.H;NH, _ C,H,NHCH, _C.H,NH,NH,

(iv) In the gas phase, there is no solvation effw result, the basic strength mainly depends up:
the +l effect. The higher the +I effect, the st the base. Also, the greater the number of alky
groups, the higher is the +l effect. Thergfore®he given compounds can be arranged in the

decreasing order of their basic strengths as phase as follows:
(C.H;),N | (C.H;),NH | C,H;NH,, NH

iven compounds is as follows:

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

The more extensive the H-bonding compound, the higher is the boiling point. (CH;), N

contains only one H-atom wher N3 contains two H-atoms. Then, Ll undergoes mor
(CH.) H.NH,

is higher than that of

extensive H-bonding tha 3 . Hence, the boiling point of G
(CH,), NH m

Further, O is more eIectr@ive than N. Thus, CHOH ¢450ms stronger H-bonds than CH:NH,

:H:0H i higher than that of €272 and (Gl N

can be arranged in the increasing order of their boiling points as follow

a result, the boilin
Now, the given c
(CH;), NH _ C,H;N

C,H.NH,

(vi) The more extensive the H-bonding, the higher is the solubility. contains two H-atoms

whereas (€7 N C,H;NH,

(C,H;), NH

contains only one H-atom. Thus, undergoes more extensive H-bondil

than . Hence, the solubility in water of ©*+*¥: is more than that of Hay D

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
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H.NH, HNH, o (C:H;), NH

molecular mass of is greater than that of G
Hence, the increasing order of their solubility in water is as follows:

C.HNH, (C,H;),NH < G:H:NH,

e
Ethanoic acid Bra/NaGH

Ans 8. (i) &
SOCH NHy(excess)
CH;CO0H o CH:COC HRASIe CH;CONEH; O
CH:NH; Q

Methanamine ®
(i)
. - HYH-0 5001, .
CHyCN ——— 5Hy |~ COOH ———= H | - COC]

Hexanemtrile :
NH;{excess) 0
Bry/KOH
[.\5"“ N‘E'{g -— C_qHH = COVN

I-Aminopentane
(iii)
PCl Ethanolic NaCN

CHiOH ————p CHyCl ————————g CHYCN

Methanol

HH RO
(iv)

NaNQ»/HCI . HA () :
CHy - CH,y - NH; ———= o [CH; - SOl — = CH; - CH; -~ OH
Ethanamine

KMnO,H*

Bry/NaOH NH; (ex
N ._.;@ sl e Soon
Methanamine
(v)
(1) Li.r\l]-i_;."ethe PCls
e, T

CH;CO0H = LOH — = CH;CH,
(it} Hy*
Ethanaic acid Ethanolic
NaCN

H/H,0
CH3CH,CO0H ———— CH;CH,CN

Propanoic acid

(vi)
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CH; - NH,

NaN(J/HCI H
el

+ —  H0
[CHy - NyCl] —— CH;0H

Methanamine
PCl5

Ha/Ni Ethanalic NaCN
Vo T - N ol SR . | 3 trkskoisicinki il ¢ ) o
Na(Hg)/CaHsOH
Ethanamine
(vii)
Sn/HC CHCL/KOH/A Q

CH; - NO; ——— CHj ~ NHy ——————p= CH; -~ NC
{Carbylamine

MNitromethane reaction)
Ma/CaH;OH
CH;- NH-CH; e
Dimethy]amine
(viii)
NHylexcess) Bry/KOH
CHyCH,COOH ————— g CH3CHZCONH; —p CH:C
A {Hoffmann bromamide
Propanoic acid reaction)

0,/HCI

KMnO,/H*

£
CHyCOOH --— CH;(-YH_-,. '%H-:CH:N_JLCH
Ethanoic acid

Assertion and Reason Answeys-

1. (a) Assertion and reason both ar%ct statements and reason is correct explanation for
assertion.

Explanation: Q

Ortho effectis a consequ&eric and electronic factors.

2. (d) Assertion is wrong s ent but reason is correct statement.

Explanation: N

In strongly acidic medium, aniline gets protonated and so the lone pair of electrons is not
available to produce +E or + M effects. On the other hand, the —-N+H3-N+H3 group exerts
strong -l effect and thus it causes the deactivation of the ring.
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Case Study Answers-

1. Answer :

(i) (d) Azo dye test. ¢
(i) (a) Aniline. ?

Explanation:

Aromatic primary amines give dye test. 0
(iii)  (c) p-nitroaniline. N

Explanation: b:
NH, NHCO(& NHCOCH,
Oy

@ CH.COCI @ %Fs
—_—>
Aniline
A NO,
(Major)
_  OH
QT "
NO,
Q p-Nitroaniline
(iv) (c) p-ben inone.

Explanation:



NH, 0

MnO,/H,SO,
/H,

O

p-Benzoquinone
(v) (b) m-nitroaniline.
Explanation:

In acidic medium aniline gets protonated to anilinium ionWhich is meta-directing.

NH, NH,

2 NH, ~ d
OO0 O,
H,S0,
NO, NO,

Aniline  Apilinium ion

m-NitrSafliline
2. Answer :

(i) (d) Dimethyl amine.

Explanation:

The increasing order of basicity of the given compounds is (CHs)2NH > CH3NH2 > (CH3)sN >
CesHsNH,. Due to the +| effe€t ofialkyl groups, the electron density on nitrogen increases
and thus, the availability ofithe lone pair of electrons to proton increases and hence, the
basicity of amines also ificréases. So, aliphatic amines are more basic than aniline. In case
of tertiary amine (CHs)sNythe covering of alkyl groups over nitrogen atom from all sides
makes the approach’andbonding by a proton relatively difficult, hence the basicity
decreases. Electron with@rawing groups decrease electron density on nitrogen atom and
thereby decreasing basicity.

(i) (d) o-toluidine®ganiline < m-toluidine
Explanation:

In general, electron donating ( +R) group which when present on benzene ring (-NH», -OR,
-R, etc.) at the para position increases the basicity of aniline.

Ortho substituted anilines are weaker bases than aniline due to ortho effect.
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NH, NH, NH,

CH,

CH,
m-Toluidine Aniline o-Toluidine
(iii)  (d) (C2Hs)2NH > (CzHs)sN > CzHsNH2 > NH3 Q

Explanation:
In case of ethylamines, the combined effect of (c) inductlgffect, steric effect and
salvation effect gives the order of basic strength as o

(C,H;),NH > (C,H;)3N > C,H;NH, >
(2°) (3% (1%)
(iv) (b) (CH3)3N > (CH3)2NH > CH3NH;
Explanation:
In non-aqueous solvents the basic s @ of alkyl amines follows the order:
tertiary amines> secondary amir&rimary amines.
(v) (c) Methylamine is a stronge han ammonia.

Explanation:

Methyl amine is str than ammonia due to electron releasing inductive effect of
methyl group. @



