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NEET Chemistry (Module-11)

B : Aromatic Amines |

The amino derivatives of ammonia are called amines.
These are of two types namely nuclear and side chain amines.

A. Nuclear amines: When —NH, is directly bonded with

ring carbon it is called nuclear (aromatic) amine. These are of

three types, namely —primary, secondary and tertiary. The
secondary and tertiary amines may be simple or mixed.

Hy CH 3 Cl l,
. NH
C cHsNH; 2
Seoa NH
Anling als2
P a=Amino toluene m-Amino toluene NH,
o-Toluidine m=Toluidine s Amino wluene
| p-Toluidine ]
(Monamines p-)

The diamino derivatives of benzene exists in three
isomeric forms ;

NH, NH, NH,
NH, .
- All primar
NH, (All primary)
o-Phenylene m-Phenylene NH,
diamine diamine p-Phenylene
diamine
Secondary amines:
CeHg—NH—CgHg  C H{NHCH,
Diphenylamine N-Methylaniline
{simple) {rmixed)
Tertiary amines :
Triphenylamine N, N -Dimethylaniline
(simple) {mixed)

B. Side chain amines (aryl substituted aliphatic
amines): When —NH, group is present in the side chain they

are called side chain amines.

CﬁHSCH}\ =H from side chain ‘CﬁH CH, NH-,

Toluene + NH, Um.r:ylmmm
{ Phenylmethylamine)

Isomers of formula C, H,N

@Nu, @NH2 @

Aromalic p-amines

CH,NH, NHCH,
Phenyl methyl N=Methyl aniline
amine (p-) )

Preparation of Primary Aromatic Amines

1. By the reduction of nitro compounds: When reduced
Sn + HCIl, Zn + HCl or Fe+ HCl nitro compounds give
amincs.

CoHgNO, +6[H]|—1E,C  H NH,
Nitrobengens 2H,0 Aniline

CH, CH,
(‘,,H,,"..:NO + 6[H] ——>C‘hH4<N0

o, m, and p-nitrotoluenes o, m, and peoluidine

Catalytic reduction of nitro compounds also gives amines.

CoH NO,+3H, — 5 C H,NH,
=2H,0

Nitrobenzene Amllm

2. Ammonolysis of phenols :
C,H(OH + NH, —’“"‘i%cmmuz +H,0

_~CH

; H,
(6H4\DH

C
YeNH,—— el 7+

. H,0

2

o, m and p- cresols a, m and p=toluidine

3. Ammonolysis of aryl halides :

2C4H4Cl+2NH, +Cu,0—lighpresure_,

200°C

2Cﬁ”5N”2+CU2C|3 +"10
Aniline

or C,H4Cl + KNH, ﬂ%cﬁﬁ NH, +KCl

Low temp.

The halogen atom can be easily replaced when the

compound contains electron-withdrawing groups
{(—NQO,,—CN_,etc.) in o- and p-position to the halogen atom.
Cl NH,
50°C I
@NOZ +2NH, @M}2
1 NHC

NO,

2.4-Dinitro chlorobenzene

NO,
2,4-Dinitro aniline

4. By Hofmann bromamide reaction (Hofmann
rearrangement or hypobromite reaction): When benzamide
or any other amide is heated with bromine (chlorine) and KOH
{NaOH) solution, a primary amine containing one carbon atom
less than amide is produced.

CHsCONH, + Br, + 4eKOH—> C H,NH, +K,CO; +
2KBr +2H,0
The reaction may also be expressed as follows:
(a)C4H{CONH, + Bry + KOH—>
CyHsCONHBr+ KBr + H,0

N-Bromobenzamide
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(b)C¢HsCONHBr + KOH—
i
C4Hs—C—N: + KBr + H,0
Unstable

(€) CHg € N Reamngement, oy N=C=0

Phenyl isocyanate
(d) € H4NCO + 2KOH 2408, ¢ 1 NH, + K,CO,
The reaction may also be expressed as follows :
2KOH + Br,— KOBr + KBr + H,0
C4H{CONH, + KOBr—> C,H(NH, +CO, + KBr
5. By Friedel-Crafts reaction:
C,H, + H;NOH%C(.HSNHE +H,0

Hydroxyl
amine
C,H, +Cl—NH, 2 ML L0 HONH, +H,0
Chloramine A

6. By Schmidt reaction: A mixturc of benzoic acid and
hydrozoic acid on shaking with colour conc. H,50, gives
aniline.

C,H;COOH+N;H Cold conc. H,80, |
‘ ‘ Shake

C HsNH, +CO, +N,

This reaction is known as Schmidt reaction.

7. Hydrolysis of phenyl isocvanide and phenyl
isocyanate:

C,H;NC+2HOH——>C,H,NH, + HCOOH
C4H;NCO +2KOH—— CHNH, +K,CO0,

8. From Grignard’s reagent:

A

Phenyl magnesium Aniline
chloride

9. By the fusion of sodium benzene sulphonate with
sodamide:

CeHs NH, —— Na,SO; + CHsNH,

10. Reduction of nitroso compounds:

Sn + HCI
CHsNO +4 [H] S22 CHNH, + Hy0
T CHgNH, + H,0

+ >

Raney nickel 652 -
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11. Reduction of azobenzene and hydrazobenzene:

CeHgN = NC H, +4[H]—2HEL 50 HNH,

CeHsNH — NHC Hg +2[H}— 2C H;NH,
12. By Hofmann-Martius rearrangement: The
isomerisation of alkyl anilines to primary amino compounds is
known as Hofmann-Martius rearrangement. In it the

hydrochloride of a mixed type of sccondary or tertiary amine
on heating at 300°C in a closed vessel gives a primary amine.

NHCH,-HCl NH,-HCl
IeC
N-Methyl aniline CH 3
hydrochloride p-Toluidine hydrochlonde

N(CH,),HCl NH-CH;-HCI

300°C CH,

M. N-Dimethyl aniline Hydrochloride of

hydrochloride N-Methyl a-toluidine

NH,-HCI
A CH,
_’ o

CH,

2, 4-Xylidine hydrochloride

In this rearrangement, the alkyl group migrates from the
side chain to the nucleus (ring).

Physical Properties

Aromatic primary monamines are colourless liquids or
solids having peculiar unpleasant odour. They tum brown on
exposure to light and air due to oxidation (the presence of

NH,group greatly increases the electron density of ring
hence they are highly susceptible to atmospheric oxygen).
Since they are polar compounds (u D of aniline = 1.52 D) and
capable of forming intermolecular hydrogen bonds hence boil
at much higher temperatures than aliphatic amines of similar
molecular weight. Due to greater intermolecular attraction,
they have higher boiling points than the corresponding
non-polar compounds of similar molecular weights. They
are sparingly soluble in water but dissolves in benzene and
other organic solvents. They are steam volatile and therefore
can be purified by steam distillation. They are very toxic and
cven some of them are carcinogenic.

Aniline: Freshly prepared aniline is a colourless oily
liquid (b. pt. 184°C) with an unpleasant odour and is
poisonous in nature. On exposure to light and air it turns red or
brown due to oxidation. 1t is practically insoluble in water but
readily soluble in organic solvents. It is steam volatile,
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Chemical Properties

Basic character of amines: Basicity of a compounds is its
ability to donate a lone pair to a proton (H' ). The greater the
ease to donate this electron pair to proton, the greater will be
its basic character. In case of aniline, the lone pair of electrons
of nitrogen is delocalized into the benzene ring by resonance
(the lone pair is in bonding interaction with welectrons of ring

there by incrcasing the number of resonating forms).
NH-.
it

. I

NH? 'NH‘! \IH-p
‘5'

sNH,

Q-0

As a result of resonance the lone pair is less available for
protonation. Therefore, aniline and other aromatic amines are
less basic than aliphatic and aryl alkyl amine because there is
no resonanee in the later cases. [n case of aniline the nitrogen
atom develops positive charge 11, 111, IV which repels the
proton of acid. The introduction of second and third aromatic
ring on the nitrogen of aniline decreases the basicity still
further.

CGH S\t
o > (CgHg)sN

CbHSHHI

Benzyl amine is more basic than aniline, it is because the
nitrogen atom carrying lone pair of electrons is separated from
ring carbon through one sp” hybridised carbon atom. Thus, the
lone pair on nitrogen atom cannot interact with w-electrons of
ring i.e., the lone pair cannot conjugated with double bond of

benzenc.

sp earbon

T nol involved in resonance hence more basic
() i

Aniline can interact with a proton to form anilinium ion
(cation) which has only two resonating forms as compared to
five resonating forms of aniline (1 to V). Aniline is thus
resonance stabilized to a greater extent than anilinium ion.

NEET Chemistry (Module-11)

&

:NH, NH, NH,

B
+j|—)© —

(Five resonating forms) (Two resonating forms)

Effect of Nuclear Substituents

(i) Electron-releasing groups (those which activate the
ring towards clectrophilic substitution) tend to increase the
basic character of aniline, while electron-withdrawing groups
{those which deactivate ning towards electrophilic
substitution) like —NO,, —CN, —CHO, —SO,H,—Cl.Br, |
etc., tend to decrease the basic character m“anllme

(i1) Activating (o, p) or deactivating (m+) group present in
the ortho position of —NH, group, always decreases the
basic character of aniline. This is belicved to be due to the
ortho effect (steric cffcct).

(iii) The base-weakening effect of m-directing groups is
greatest when they are present at the o- and p-position than at
m-position.

(iv) The presence of activating or deactivating group in
meposition does not affect the basic character of aniline.

The effect of groups on the basic character of aniline may
be explained on the basis of following points.

(A) Inductive effect: The presence of +/ groups
{(—CH;,—NH,, —OCH;.etc.) would push the electrons
towards nitrogen atom of —NH, group with the result that
electron densily on —NH, group would increase and
therefore the lone pair of electrons on nitrogen atom of —NH,
would be more available for protonation (observe the
cxception when +/7 is present in the orthe position),

-1
R—>@+ﬁ1—]z [+1 effect of R-try to repel lone pair]

On the other hand electron withdrawing groups
+

{(—NQO,, —COOH,Cl, —SO;H, —CN, —NR; ctc.) would
pull the electrons away from nitrogen of —NH, group and
thus make the lone pair of electrons on —NH, less available
for protonation.

I
OEN*@QﬂHE [Stronger —f of —NO, try to introduce
lone electron pair in the ring]

(B) Stability of substituted anilinium lon: The basic
character of any compounds depends upon its ability to
accommodate a positive charge, thus, more the possibility for

the accommodation (dispersal) of the positive charge of
)
CoHsNH, ion, greater will be its basic character. The

clectron releasing groups (+/ groups) tend to disperse the
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positive charge of the anilinium ion, they stabilize the ion
relative to aniline and hence increases the basic character.

&
:NH, NH;
[ g o [ J
+ H —_—
G G

{Group G releases (repels) electrons, disperses the positive
charge, stabilizes the cation and hence increases the basic
character.)

However, the electron-withdrawing group (/) tends to

)

increase the positive charge of the C,H4 N H ion, hence their

presence destabilizes the cation relative to aniline and
therefore decreases the basic character of aniline.

&
:NH, NH,

@

G G

[G withdraws electrons, increases
{concentrate) the positive charge and
hence decreases the basic character]

Reactions of —NH, Group of Aniline

1. Salt formation: Although it is a weak mono acid base
due to delocalization of lone electrons by resonance but it form
crystalline salts with strong mineral acids.

2]
C4HsNH, + HCl— CgHsNH,-HCl or CgHsNH,CI-

Cone. Aniline hydrochloride
An aqueous solution of aniline hydrochloride gives a
white ppt. on addition of AgNO, solution hence presence

of chloride ion in the side chain is proved.
2C,H:NH, + H,80,— (C H;NH,),-H,80,
Conc, Aniline sulphate

i2
or  (CeHgNH;)SOZ™

Aqueous solution of aniline sulphate reacts with BaCl ,
solution to give a white ppt. of BaSO,. These salts are

hydrolysed (the salts of aliphatic amines and benzylamine
are not hydrolysed).

C HsNH, Cl~ +H,0= C H;NH{OH™ +H'CI~
aniline gives double salts with metallic acids, e.g.,
2CHgNH, +H,Pt-Cly — (CgHsNH, ),- H,PtClg
Chloroplatinic acid Aniline chloroplatinate

C4HsNH, +HAuCl, —>CHsNH,HAuCI,

Chloroauric acid Aniline chloroaurate
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2C H{NH, + H,8nCl, — (C4HsNH,),-H,SnCl
Chlorostannic acid Aniline chlorostannate

Aniline chlorostannate is decomposed by caustic soda
solution to regenerate aniline.
(CyH NH, }5- Hy8nCl g + 8NaOH——
2C,H;NH, + Na,SnO, +6NaCl +5H,0

2. Action of active metals:

2C,HsNH, +2K— 2C H;NHK+H, T

Potassium anilide

This reaction proves acidic naturc of —NH, group.

3. Alkylation: On heating with alkyl halides under
pressure it gives alkylated products.

C, HsNH, +CH,I—5C H; — NH—CH, —L,
- N-Methyluniline -
(=)
_CH,

CH,l @ =

3 Trimethyl phenyl
N, M-Dimethy! antline ammonium jodide
(r-y (quaternary salt)

C H—N
65 \CH

Due to ionisation in aqueous solution quaternary
ammonium salt conducts electricity.
4. Arylation: On heating with halobenzene as well as
aniline hydrochloride it gives diphenyl amine.
CoH;NH, +C6HSBr—5>C5H5NHC6H5

T Diphenyl amine

CgHsNH, +C4H NH,- HCl — C H NHCH; + NH,Cl

5. Acetylation: Aniline reacts with acetyl chloride or
acetic anhydride in presence of dil. NaOH 1o give acetanilide.
CeHNH, +CH,COoCI—222M , ¢ 1 NHCOCH,
N = Acetyl aniline
{Avetanilide)

C,HNH, + [CHﬁO):O% C4HsNHCOCH,

Iy

Acctanilide on heating gives a mixture of o and
p-anilines,
NHCOCH;, NH,

y COCH;

NH,

COCH,

Acctylation reaction is used for thc protection of
NH, group.

6. Benzoylation:

CeHsNH, + CH COCI—2LRM L 0 NHCOC ¢ H;
Benzoyl chloride =HCl Beneamlide
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It is known as Schotten-Baumann reaction.

7. Carbylamine reaction: Aniline on heating with
chloroform and alcoholic KOH yields pungent (suffocating or
offensive or foul smelling) vapours of phenyl isocyanide
(which on hydrolysis regenerates aniline and formic acid).

C H,NH, +CHCl, +33KOH =t ,

C,HsNC +3KCl +3H,0
8. Action of Grignard’s reagent:
CgHsNH, +C,HsMgBr— C H NHMgBr +C, H,
9, Condensation with aldehydes: On hcating with
aldehydes yields Anils or Schiff's bases.

CoHsCH[O + T NCeHg —5 CgHsCH= NC4Hy
Benzaldehyde Aniline Benzaniline
{Benzyhidene imine)

_NHC g

“SNHCH,
(Ethylidine diphenyl dinming)

2C,HgNH, +CH,CHO—2 CHCH

SchifT’s base on reduction gives a secondary amine.

C HsCH= NC Hs —2™ ¢, H,CH,NHC H,
Schiff™s base

10. Reaction with phosgene:
C,HsNH, +COClq—> C,H NCO

Pheny] isocyanate
_a CHNH
C HNH ¢
Sym-=diphenyl urca

2C,H4NH, +COCl, —2

Excess

CaHsNH
C,H;NCO+C H;NH,— =0
CgHsNH

11. Reaction with carbon disulphide:

{a) On heating with CS, and HgCl, it gives phenyl
isothiocyanate,

CoH3NH, +CS, + HgCl, —2 HgS + 2HCl + C4HNCS

Since smell of phenyl isothiocyanate is similar to mustard
oil hence it is known as Hofmann Mustard oil reaction.

(b) Aniline on heating with CS ; and solid KOH gives sym.
diphenyl thiourea.

2C HgNH, +CS, +2KOH—et
(Solid)

CgHsNH

CHs Nll/( =8+K,S + 2H,0
v

NEET Chemistry (Module-11)

12. Action of nitrous acid: On reaction with nitrous acid
{NaNOQO, + HCl) in presence of mineral acid at 0°C it gives a
diazonium salt.

CeHgNH, + Hel—<, CsHsNH,HCI
Cone. Aniline hydiochlonde
NaNO; + HCl—— NaCl + HNO,
C4HsNH,- HCl + HNO, —=—C H,N,Cl + 2H,0
Benzene diazonium
chloride

This is known as diazo reaction and the process as
diazotization. Aliphatic amine and benzyl amine do neot
form diazonium salts but give alcohols on reaction with
nitrous acid.

13, Oxidation: Aniline is readily oxidised because it is
highly susceptible to atmospheric oxidation. The nature of
oxidation product depends on the oxidising agent and the
cxperimental conditions.

(a) Alkaline KMnO, oxidises it to azobenzene.

ECBHSNH: +2|.0] Alkaline l{._\-il'{l!

CoHsN=NC H;+2H,0

Azobenzene

(b) Chromic acid oxidises aniline into p-benzogquinone.
NH,
O

HLCr0y
2(0)
(K Cr,0,H,80,)
p-Benzoquinone

{c) Hypochlorous acid converts aniline
phenol.

+NH;

into p-amino

NH,

NH,
HOCI

OH

(d) Pertrifluoro acetic acid oxidises aniline into

nitrobenzene.
CoHgNH, +3[0]—HC9 e HoNO, + H,0

(¢) H,0, also oxidises aniline into nitrobenzene.
() Per-acids oxidise it to nitrobenzene and azoxybenzene.

(g) Acidified K,Cr,05and acidified KMnO, oxidises
aniline into aniline black.

(h) Aniline on reaction with bleaching powder gives a
violet colour.

(i) On treatment with K,Cr,04 + conc. H,S0,aniline
gives a blue colour,

(j) Aniline reacts with dilute H,580,in the presence of
CuSOto give a black colour.

Reactions of Nucleus

—NH, group due to 4T effect, ie., + E and + M, is ortho
and para directing. —NH, group also have permanent
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—/ effect (since nitrogen is more electronegative than carbon),
but +T is greater than —/ hence o, p-substitution occurs
frequently.

1. Coupling with diazonium salts: Atroom temp. aniline
reacts with benzene diazonium chloride to  give
diazoamincbenzene (vellow dye which on heating at 40°C
rearranges 1o yield p-amino azobenzene orange red azo dye).

@—N—N— C|+HHN©

IIL'I

OO
Dinzoaminobenzene

40°C | Rearrangement

OO

mino nzobenzene

2. Halogenation: It is so highly activated that even on
addition of Br,water a precipitate of 2, 4, 6-tribromoaniline
(sym. tribromoaniline) is formed.

NH, NH1
+ 3Br, — + 3HBr
(Water)
tpp't ]
Similarly with chlorine water we get sym. trichloro aniline
NH, NH,
@ Cl, water C]@ Cl
_—
Cl

The above sym. tribromo and trichloro anilines on
diazotization followed by reduction the diazonium salts
with hypophosphorous acid yiclds sym. tribromo and
trichloro henzenes.

NH,
Br @ Br  NaNOJHCI
ittt it
0°C
Br
N,Cl
Br Br  H,PO,/M.0 Br@ﬂr
—
-H;PO,
Br —HCI Br

_N:

Only one halogen atom in ortho/para position can be
obtained from acetanilide, ie., the amino group is first
protected by acctylation process.
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NH, NHCOCH,
CH,COCI Br, in
A ) 2
o CH,CO0N
(C11,C0),0 '
Acetanilide
NHCOCH, NHCOCH,
Br
+
o-Bromo Br
acetanilide p=Bromo acetamilide
{main produet)

These ortho and para bromo acetanilides on hydrolysis
yield o= and p-bromo anilines.

NHCOCH, NH,
@ HOM" @ + CH,COOH
Br Br
{p=Bromo aniling)

Halogenation of aniline is faster in polar solvents but
slower in non-polar solvents. An alkyl group cannot be
used as an effective protecting group because it is electron
releasing.

3. Nitration: Dircct nitration of aniline is not possible due
to two facts: (a) Being highly sensitive towards oxidation,
direct nitration results in the production of tarry products
along with only a little nitrated product. (b) Protonation of
aniline yields anilinium ion which being medirecting gives
m-nitro aniline.

NH, NH, NH,
HNOL/H,S0, NO,
_— + + Tar
NO,
5] = o =
NH,ONO, NH,0NO,
é .
HNOY NO, y
NO,
Anilinium nitrate
l NaOH
NH,

m-Nitro aniline
In order to prevent the formation of above product,
—NH, group is first protected by acctylation to give
acetanilide which is nitrated to a mixture of o and
p-acetanilides. These nitro acetanilides are then hydrolysed to
get o- and p-nitro anilines. =1
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NH, NHCOCH,4
(C11,C0),0 1INO,
—~CH,CO0H
Acetanilide
NHCOCH; NHCOCH,
H,OHCI . NO,
or
NaOH
NO, Minor
Major
NH, NH,

OO

o=Nitro aniline NO,
p=Nitro aniline
4. Sulphonation: Aniline on heating with excess of conc.
H,S0, or fuming H,S0,at 180°C gives sulphanilic acid
(p-amino-benzene sulphonic acid) as follows:

NH, NIH,H450,
H,50, H,0
(Cone. or I'u:mlngi
NHSO;H NH, NH,
S50;H
Sulphanilic acid

The above process is known as Baking.

5. Friedel-Crafts reaction: Undergoes FCR only with
alkenes and not with other reactants.

+CHy=CH, 2,
NI, NH,
@CHECHJ @
i

CH,CH,

Aniline gives FCR with difficulty because an amino group
(a basic group) undergoes reaction with Lewis acids to give a

strongly deactivating group.
T (Strongly deactivating)
AlCI,

@ﬁﬂz + AICI
Base Acid”

NEET Chemistry (Module-11)

BENZYL AMINE

Itis a side chain primary amine. It is prepared as follows:
LiAIH,

CH; —C=N
Na+ CJHSOH Benzylamine

Benzonitrile
O

Il .
CoH; —C—NH, —2 , ¢ H.CH,NH, +H,0
1 2 +Hy

Benzamide

C4HsCH,CONH, + Br, + 4KOH—2
Phenyl acetamide

C4H<CH,NH, +2KBr + K,C0; +2H,0
Cﬂllqcl[oLCﬁll ﬁCH. = NH H./Ni
Benzaldehyde  —H:20 :

C,H;CH,NH, (Reductive amination)

Benzylamine
CgHsCH,COOH + N H—se 113G,
CyH;CH,;NH, +CO, +N,
Physical Properties

It is a colourless liquid, b. pt. 185°C. It is soluble in water
and 1s more basic than aniline and isomeric toluidine but less
basic than aliphatic amines.

Chemical Properties

@ e
C4HsCH,NH, + HCl—> CgHCH,NH;CI
Benzyl ammonium chloride

CoHsCH,NH, —N% ¢ H,CH,0H+ N, + H,0
NaNO,/HCl Bereyl alcohol

CHsCH,NH, —4 ,C H,COOH + NH;
[0] Benzoic acid
8]
I

CﬁHSCH_ZNH_:M

C¢H5CH,NHCOCH,
—HCl1 -

N -Benzyl acetamide

DIAZONIUM SALTS

J. Peter Griess found that the reaction of primary
aromatic amines with nitrous acid in presence of a suitable
mineral acid at low temperature yields diazonium salts. These

have the general formula ArN; X “where X'~ is an anion such
asCl™, Br™, NO7, BF;, HSOj, etc.
=]

Ar—N=N"X

A diazonium salt
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Diazonium salts are named by adding diazonium (di= two,
azo = nitrogen and onium = ammonium) to the name of the
aromatic compound to which they are related. and following
this by the name of the anion. For example:

= = @ B

Benzene diazonium p-Toluenz diazonium
chloride chloride

@NEﬁBFj‘

Benzene diazonium
Nuoroborate

The reaction yielding a diazonium salt from a primary
aromatic amine, sodium nitrite and a mineral acid at lower
temperature is known as diazo reaction. On the other
hand, the process of converting a primary aromatic amine
into a diazonium salt is known as diazotization. The overall
cquation for diazotization is:

C HsNH, + NaNO, + 2HCI —25C

 (Excess)

& —
C¢HsN,Cl +NaCl +2H,0

Since diazonium salts slowly decompose even at ice-bath
temperature, the solution is used immediately after
preparation.

During diazotization process the temperature should not
be high, otherwise phenol will be formed which will couple
with rest diazonium salt and the whole experiment will be
spoiled.

CHN,Cl+ HOH—222e 10 5 ¢ H OH + N, + HCI

An excess of HCl must be used otherwise benzene
diazonium chloride formed may couple with unreacted
aniline.

Excess of nitrous acid must be avoided because it
interferes with the subsequent reactions of diazonium salts.
Excess of HNO, can be destroyed by the addition of urea.

H,NCONH, +2HNO, —3CO, +2N, +3H,0
Reactions of diazonium compounds are classified into :
Mechanism: The accepted mechanism of diazotisation

may written as follows:
@®
HO— NO+H* == H,0— NO==H,0+NO
H

Ar—NH, —¥ 5, Ar — N—N=0—1",
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H H
I . Hﬁ\ I‘—; @
Ar—N—NZD:——)A:—N—Nﬁ)H——}
TR Y-
Ar—N=N—OH—=— Ar—N=N-OH,—>

&
Ar—N=N+H,0

. Reactions in which group —N,Cl is
Replaced by Other Groups
All such reactions proceed by § | process.

® e
CyH4N,Cl—s C Hg —N =N +Cl

mo @
CeHs—N=N _Slow , ¢ H +N,1T
+ @ .- Fast » -
CHst:17Z —— CH;—7Z

A few important reactions are given below:
I. Reduction: Group —N,Cl can be replaced by H with

the help of many reducing agents such as absolute alcohol,
absolute methanol in the presence of sodium acetate, sodium
stannite (alkaline SnCl,), acetone, formic acid as well
hypophosphorous acid.

C4HsN,Cl+H,PO, + H,0—24™ _,

CeHg +H;PO, + HCI+N,
CqHsN,Cl+CHyCH,OH—22m_,

CgHg + CH;CHO + HCL+ N,

CoHgN,Cl+ HCOOH—25C ¢ H, +CO, + HCI+ N,

CyHsN,Cl +CH,COCH, —2—
CyH, +CICH,COCH; +N,
2. Hydrolysis: On warming with dilute H,S0yit is
hydrolysed to phenol, i.e., —N ,Clis replaced by —OH group.

C H N,Cl+ HOH—21 0% 5 | OH + HCl+ N,
2 o 2

The solution should not be alkaline otherwise phenol
produced will couple with unreacted diazonium salt to give a
red dye.

3. Replacement of —N,Cl by alkoxy (RO—) group:

CoHsN,Cl+ HOCH, —24L,C H,0CH; + N, + HCI
Methanol Anisole

CoHgN,Cl+ HOC,Hy —2L 5 C H,OC,H+ N, + HCl
Phenetol
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4. Replacement of —N,Cl by —Cl and —Br : When

diazonium salt solution is heated with cuprous halide
dissolved in same hydrogen halide, the —N,Cl s replaced by
Cl or Br. It is known as Sandmeyer’s reaction.

CuCl/HCI

A Chloro benzene
CuBr/HBr

L‘bH‘quL‘l—') ChHﬁBr +N:

A Bromo hensene

If a diazonium salt solution is heated with copper powder
in presence of [ICl or [1IBr we get corresponding halobenzene.
This reaction is known as Gattermann’s reaction.

CHgN,Cl—upeder B 0 . Cl+N,
A

C H N, Cl—Suponder B 0 4 Br4N,
A

5. Replacement of —N,CI by —CN:

C HN,CI—¥N , ¢ H.CN+ N, +CuCl
sN» " : 2

Benzonitrile

This is also called as Sandmeyer’s reaction. However,
the following reaction is Gattermann’s reaction.

C.HN,C1—% 5C,H.CN
615512 KCN 645
A

6. Replacement of —N,Cl by iodine atom:
CoHN,Cl—EL,C H I +KC1+ N,
sN2 P : 2
7. Replacement by fluorine atom:

CoHyN,Cl—=245C H(N,BF, —5C HF+ N, + BF,

=HCl ppl. Fluoro
benzene

The preparation of fluoro benzene from benzene
diazonium fluoroborate is known as Balz-Schiemann
reaction.

8. Replacement of —N,Cl by —NO, group: When

benzene diazonium fluoroborate is heated with NaNO, in
presence of copper powder we get nitrobenzene.

C HN,Cl—85 0 H N, BF, 2N
-T =HC1 T Cu powder
A
ChH5N02+NﬂBF4 + Nz
Nitrobenzene

Nitrobenzene may also be obtained by heating benzene
diazonium chloride with NaNO, or HNO,in presence of
cuprous oxide.
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CoHgN,Cl+NaNO, —22 ,C H NO, +NaCl + N,
2 N 2 2

Cu,0D

CgHN,Cl+ HNO, —2 5, C H,NO, + HCI+ N,
s 2, sNO, 2

9. Formation of diphenyl: When an alkaline diazonium
salt solution is heated with benzene, the diazonium group is
replaced by phenyl group to yicld diphenyl.

CoHgN,Cl1+C H, %C,ﬁs —C,Hg

—HCI
i

=N,
Diphenyl
The above reaction is known as Gomberg reaction.
Diphenyl can also be obtained by treating benzene diazonium
chloride with ethanol and copper powder.

EC,,HSNECI-L:'L%—W{_H“ — C4H +2N, +2HCI

10. Replacement by —AsQ; H, group:

CoHgN,Cl+ Na; AsO, %t-;cﬁu,mo_‘-rqa:

NaCl
2HC|
———> CH;5AsO;H,
—2NeCl {Phenyl arsenic acid)
The replacement by arsemic acid group is known as
BART’S reaction.
11. Miscellaneous reactions:

(a)C H¢N,Cl + HgCl,—> C H N, HgCl, - 3'5‘“" ,

C,HsHgCl+ N, +2CuCl
Chloro mercury
benzene

(b) C4HN,Cl+ CuSCN—2
C4HSCN  + N, +CuCl
(Phenyl thiocyanate)
(€)CH N, Cl +KNCO—'“;“—> C,HsNCO +KCl
—N, Phenyl thiveyanate

I"ﬁ—‘\’“» CgHgNH, + K5CO,4

() CaHgN,CI—EEI, € (SH =205 C H SO H
KC (hiophenoly 1]
(e)C H N, +80, —%L ¢ H,S0,CI
= - HCI’A - -

HC,H.N* +(CH,), Sn—CHCOMPd - 1 cH
(DCH NS +(CHy)y prp. o HsCH;
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(8) C4HgN BF +CO— LM, ¢ 4 COOH
CH,COON

(h) CgHgN 5Cl4+ CH, = NOH —2 CH4CH =NOH

(Formaldoxime)  — N2 (Benzaldoxime)
HCl
1,011 C,HCHO
_Nl_i oy (Benzaldehydc)
CH,
(VC4H4N,Cl+ HC=NOH —2
Acetnldoxime -HCI
N,
0

Il
CH; — C— CyHq
Acetophenone

C,,Hs—(|‘= NOH o'

CH, —NH,OH

Acc,luphcmnc OXIme

Il. Reactions of the Diazonium Salts in which
the Nitrogen Atoms are Retained

1. Action of bromine and HBr:

CHsN,Cl+ HBr + Bry ———CyH3N, Bry
B ppl. of
dinzomum
per bromide

A, B C4H,Br

N, Bromobeneene
If the phenyl diazo per bromide is treated with aqueous
ammonia, the azide (C,HgN ;). is produced.
2. Reduction: When reduced with stannous chloride and
conc. HCI, the group —N, is converted into —NHNH; to
give phenyl hydrazine.

CoHgN,Cl+ d[H]—2LtHE S ¢ NHNH, - HC

CgHgNHNH, HCIl + NaOH—>
CyHsNHNH, +NaCl+H,0
Reduction by Na,SO;also yiclds phenyl hydrazine.
However reduction with metal and acid yields aniline.

CﬁHqN,(_‘1+4[H]ﬂ>C H3NHNH, —5L,
T -HCl 2 Zn+HUI

CgHsNH, + NH,Cl
On catalytic reduction it gives aniline.
C,HsN,Cl+3H, L)Cﬁ HsNH, + NH,CI

3. Coupling reactions: A condensation between
diazonium salt and activated compound, i.e., amine, dialkyl
aniline or alkyl aniline in a weakly acidic solution and a phenol
in a weakly alkaline medium, to give highly coloured azo
compounds is known as coupling. These highly coloured
compounds are known as azedyes, This process usually takes
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place at para position to the amino or phenolic group, in case
the para position is occupied coupling takes place in the ortho
positions. However, if both ertho and para positions are
occupied, coupling either does not occur or a substituent like
—COOH, —S0; H presenl in the p-position is replaced by
azo (—N =N—) group. Coupling is an -electrophilic
substitution reaction and the electrophile is phenyl diazonium

=
cation (C,Hs N, ).
(a) Coupling with phenols :

o(Qier & Qo

Phenol

(O)-v—~<O)on-

p-Hydroxy azobenzene
(red coloured ppt.)

OH
. (—N—C] —9H
(i) + N= " Low temp.
CH,4 _
OH
Oa®;
H,

~Cresol
Azo dye

Dil. NaOH
o

(iii) o- and m-cresol couples in p-position with diazonium
salt.

(iv) dihydric phenols
OH OH
CoH N, Cl CgHsN,Cl
e
OH OH™ OH -HCI
Resorcinol N,CgHg
OH OH
CHgN,, CJINLCI CeHeN, N,yCgHg
—— -
OH e OH
N,CgHs N,CgHs
(v)
N=NCH;
“ OH - H‘N - “
. 1-Phenyl nzo
p-Hephmel I-Naph[hu]
NG
+ HCI
OH™
a- Naphlhnl N—Ntﬁ 5

4-Phenyl azo-1-naphthol
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OH

C HNCl CyHaN,Cl

(vi) H on”
NH,
p-Amino phenol
OH OH
N=NCH 5
N=NC,Hs
NH, NH,
(vii)
OH OH
C HN,Cl
— + HCl - CO,
COOH N=NCH,

p-Hydroxy
benzoic acid

OH OH

C M N,Cl

{viil) —

SO,H N=N-C4H;

(b) Coupling with amines:

(i) Aniline reacts to give p-amino azo benzene as follows

HCI

N=N—-NH

Diazoamino benzene

HualJ:ﬂ]“C

p=Amino azobenzene

(ii) Coupling with N, N-dimethyl aniline

(O)nmra- (O

p-Dimethyl amino azobenzene
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Electron attracting groups (—/ groups) in the ring of
benzene diazonium chloride facilitate coupling, while the
presence of electron donating groups (+/ groups) especially in
the m- position of the original —OH or —NI,group also
facilitate coupling. A halogen or nitro group in the ring of
aromatic amine or phenol lowers the electron density in the
ring, hence such compounds do not undergo coupling with
diazonium salts.

(iii) Coupling with diazotized sulphanilic acid gives
methyl orange.

HO;S@N =N—Cl + @ N(CH;), ——

NITRO COMPOUNDS

Organic compounds having nitre (—NO,} group are
known as nitro compounds. These are of two types:

(a)Nuclear nitro compounds : When —NO, is directly

artached to ring e.g.,

NO, CH, CH, CH;4
NO,
Nitrobenzene  o-Nitrotoluene m=Nitrotoluene NO,

p—NinuluI:leuc
l |

(Mono nitro compounds)

NO, NO, NO,
o=Dinitrobenzene m-Din |lrubLnAr|c NO: NO,
p-Dinitrobenzene 2. 4-Dinitrotoluene

l ]
{Dinitro compounds)

H,
NO,
0,N NO,
O,N NO,
S-TNB
NO,
S-TNT

(Trinitro compounds)
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(b) Aryl substituted nitro alkane and alkyl nitrites:
When nitro group is in side chain e.g.,

CH,NO, CH,ONO

Phenyl nitro methane

Nitration

The replacement of nuclear (ring) H by nitro group is
known as nitration. It is carried out as follows:

(1) Direct nitration: (a) A mixture of conc. HNO; or

Phenyl methyl nitnte

fuming HNO, and conc. H,80, known as nitration mixture
or mixed acid may be used. The function of conc. H,80, is
two fold, ie.,

electrophile nitronium ion (NO, ) from conc. HNO;.

HNO, +2H,S0, == NO, + H,0 +2HSO,

(i) In concentrated HNQ, alone, one HNO; molecule acts
as base and other as acid in giving NO? ion

2HNO,;== II\IO2 +NO; +H,0
(ii) With N,O, in CCl, we have

+
N,O;= NO, +NO3

(b) A mixture of conc. HNO; and acetic anhydride or
BFy;may also be used. Here acetic anhydride acts as a
dehydrating agent while BF, is an effective catalyst because it
forms solid hydrate with water.

{c) Nitrogen peroxide in presence of catalyst anhydrous
AICly, can also be used.

(d) Acetyl nitrile can be used for nitration of highly
activated compounds.

The number of —NO, introduced depends upon the
nature of nitrating agent used, temperature of reaction as well
as on the nature of compounds to be nitrated.

Cone, HN(),

Fuming HNO,

Cone. H,50,, Cone. H,50,,
100 [IGINS

NO, NO,

Sym. trinitrobenzene m-Dinitrobenzene

Similarly with conc. HNO; + conc. H,80, at 60°C the
product is nitrobenzene, but at 100°C it is m-dinitrobenzene,

as dehydrating agent and producer of
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Presence of electron-releasing groups (— OH, —NH,,
—CHy,— OCH;, etc.) in the nucleus makes further nitration
maore casier. Thus, compounds like phenol, aniline, toluene,
anisole, ete. can be nitrated easily than benzene,

NO,
@ Cune. HINO, @ Dil. HNO,y No reaction
Cone, ,'«‘.n,t 60°C
Nitrobenzene
Cong, HNO,, Dl HINO,
Cone, H!S()_‘
Phenol
OH OH OH
(),N@an @NO: @
= +
NO, a=Nitropheniol NO;

E.I_ﬁ-Tnnur.uphn.-nuI p-Nitrophenol

Compounds containing electron-withdrawing groups like
—NO,, —COOH, —S0H requires powerful nitrating agent
like fuming [INO; + 11,80 and a higher temperature,

(2) Indirect nitration: This can be done by means of
diazonium salts.

CoHgNH, —m0t T, ey N, ol —28
! 0°¢ T
C4HgN,BF, —=—25C HsNO,
Cu, heat
NH, N,BF, NO,
NaMN(), NaN(,
—_—
HBF, Cu, heat
NO, NO, NO,
p=MNitroaniline p~Dinitrobenzene
NITROBENZENE
Methods of Preparation

It is prepared as follows :
(1) By the action of conc. HNO, + conc, H,SO on

benzene:

CeHg + HNO, M&acﬁuswoj +H,0

(Cone. )

‘N‘UIE:

For compounds containing activating groups, the reaction can be
carried owl with HNOqalone or in water, acetic acid or acetic
anhydride. 1t is because cone. HNOj + cone. Hy 80, mixture would
oxidise these compounds.

If anhvdrous conditions are needed, nitration can be effected with

NaOgin CClyin the presence of P1Og, which remeves the water
[formed in the reactions,
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Nitration in alkatine media can be done with esters of HNOqylike ethy!
nirrafe (Cz H 5 0N02 L

Nitroniun salts like NUEBFTI,NOE PFg and ‘N'(')*,_, CFyS03 can also
be used for nitrafion.

BFy can he used for removing water as a solid hydrate.

(2) From benzene diazonium chloride:

C H,N,Cl+HNO, —2 ,C, H,NO, + HCI + N, or
A

NaNO,

CeHN,ClI— 5 CgH N, BF, ——5C¢HNO,

ppt.
(3) Action of acetyl nitrite on benzene:
CyH, +CH;COONO,—— C,H;NO, +CH;COOH

(4) Oxidation of aniline by trifluoro acetic acid:

CoHsNH, —22M , ¢ H,NO, +H,0
3[0)

Physical Properties
(i) It is a pale-yellow, oily liquid (b. pt. 210°C) with a
strong smell of bitter almond.
(ii} Itisinsoluble in water but soluble in organic solvents.
(iii) It is steam volatile and its vapours are poisonous,

(iv) It is a good solvent for anhydrous AICI;and hence
used as a solvent in Friedel-Cralls reaction.

Chemical Properties

It is less reactive than benzene. The presence of
—NO, group increcases the stability of benzene ring. It is not
affected by acids, alkalies and oxidising agents. Following
points are important regarding its properties.

(i) —NO, group is firmly attached with ring carbon (it is
because of double bond character of carbon-nitrogen bond due
to resonance), hence cannot be replaced by other groups,
however in o- and p-dinitrobenzenes one —NO,is easily
replaced by —OH and —NH, groups.

(i) Due to the presence of oxygen in —NO, group it
shows only the reduction reactions.

(iii) —NO, group being m-director gives all electrophilic
substitution reactions in m-position with difficulty as
compared to benzene.

O—N=0 0—N=0 0—N=0

D-0-0
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Ch
|Zr
=]
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|
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Due to—M (resonance) effect o-, and p-positions have low
clectron density while m-position becomes points of relatively
more electron density hence incoming Eenters in
m-position.

1. Reduction of nitro compounds: It can be reduced in
different media to yield different products. The reduction can
be shown as follows :

CeH; N(L—)C yHsNO—— C ,H;NHOH——
];hlrum- Pt;nylhydmu»h
C,HNH,

Aniline
(a) Reduction by metal and acids: Sn + Conc. HCl or Fe
+ Cone, HCI reduces it to aniline.
[Sn + 4HCl——>SnCl, +4[H]]=3
[CaHNO, +6[HF—> CyH4NH, +2H,0]%2
3Sn + 12HCl + 2C HyNO; —— 2CH;NH, +4H, 0+ 35nCl,

or, the reduction may be shown as follows;
C HNO, +6[H]—2HD e H.NH, +2H,0

(b) Reduction in neutral medium: Neutral reducing
agents like Al-Hg+ H,0, zinc powder + NH,Cl or Zn
powder + C,H;0H+CaCl,yreduces it into  phenyl
hydroxylamine.

Zn +2NH,Cl—> ZnCl, +2NH; +2[H]

C4HsNO, +4[H}—> C,H;NHOH + H,0

Phenyl hydroxyl -
aming

Other neutral reducing agent is zinc-copper couple and
water. IF the above hot solution is filtered into Tollen’s reagent,
a white ppt. is obtained. It is known as Mullikan-Barker’s
test.

CH¢NHOH + Ag ,O0— C H,NO +H,0 +2Ag 4
Nitrosobenzens

(c) Reduction in alkaline medium: Depending upon the
nature of alkaline reducing agent different products are
obtained. It is believed that initially nitrosobenzene and
phenyl hydroxyl amine are formed. These react together to
produce a variety of compounds.



Amines

2C H NO, —ML, ¢ H NHOH + C,H;NO
-2H,0 Phenyl hydroxyi- Nitrosobenzene
amine

CeH;—N—OH C,H{—N -0

| -H.0 I 2[H] >
C4Hs— N—OH CeHs —N ~Ho
Unstable Azoxybenzene

CoHg-N=N-CHs I, ¢, H, — NH— HN — C, H,
Azobenzene Hydrazohenzene
Lﬂu)leHsNHz
| AM] Aniline
Acidic medium
By using different alkaline reducing agents the final
products are:

2CHsNO, +10[H] —Z21N00
A

CgHsNH — NHC H; + 4H,0
Hydrazobenzene

CH,ONa+ CHOH

2C,HsNO, +6[H]

CoHs—N=N-C¢Hs +3H,0

0
Azoxybenzene
Na,Sn0,+ NaOH |
{SnCl5+ NaOIl)
CoHgN=NCH¢ +4H,0
Sodium-amalgam, Zn + mAMEREME NaOH and
LiAlH jalso reduce C ¢ HNO, into azobenzene.

2C,H4NO, +8[H]

(d) Electrolytic reduction: (i) When clectrolysed in a
weakly acidic medium (dil. H,SO,) it gives aniline.

Dil. 1,50,/ Electrolysis

CHNO
6775 F olH|

»CeHgNH, +2H,0

(ii) When electrolysed in strongly acidic (conc. H,80,)
medium it gives p-amino phenol. Presumably, initially phenyl
hydroxylamine is produced which rearranges to p-amino
phenol.

@N()1 Lum—ll-.sl_h' @NHOH R-,'llrnnlu,-lncnl
= Electrolysis
Phenyl hydraxylamine

=AmInG
|'I|1q:|lul
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(1ii) Electrolysis in aqueous solution of acetic acid and
sodium acetate also gives phenyl hydroxylamine which
rearranges to p-amino phenol.

CH{NO, CH,CODOH + CH,COONa

»C HsNHOH

Electrolysis
—Romingoment | IO@ NH,
p-Amino
phenol

2. Reactions of nucleus: As a result of negative
clectromeric effect (—£), negative inductive effect (—/) and
negative mesomeric effect (—M) the o- and p-position
becomes highly eclectron deficient leaving m-position
unaffected. Thus, substitution in nitrobenzene takes place in
m-position.

(a) Nitration: Gives different products depending upon
the nature of nitrating agent and the reaction temperature.

NO, NO,

©

Cone. HNO, + Cone. H.S0),

100°C - NO,
m-Dhinitrobunsaeme
NO,
Fuming HNO,

_ TTmETTS .
Cone. HySO,, 100°C - O;N NO,

s-Trinitrobenzene { TNB)
(b) Sulphonation: On heating with conc. H,S0,
nitrobenzene gives m-nitrobenzene sulphonic acid.
NO, NO,

+ H,80, —4
Cone. S04H

(¢) Halogenation: In presence of halogen carriers (Fe
powder, AICl4, FeCl,, etc.) it reacts with halogen to give m-
halo products.

+ Hy0

NO, NO,

+Cl, £

m-Chloro nitrobenzene
(d) It is so highly deactivated that there is no
Friedel-Crafls reaction,
(e) Nitrobenzene can be methylated with the
dimethyloxosulfonium  methylide or  methyl  sulfinyl

carbanion.
NO, 0

o I -
+(CH,),SOCH, or CH,SCH, ——
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0, NO,
CH,

CH,

3. Nucleophilic substitution: When fused with solid
KOH it gives a mixture of o -and p - nitrophenols.

o-Mitrophenol 0
p-Nitrophenol
4. Formation of molecular addition compounds:
Certain nitro compounds, e.g., 1,3, 5- trinitrobenzene (TNB),
picric acid, etc., react with polynuclear hydrocarbons
(naphthalene, anthracene) to give crystalline addition
compounds.
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Von-Richter Rearrangement

When nitro compounds are treated with cyanide ion, the
—NO, group is displaced and a carboxyl group enters with
cine substitution, always ortho to the displaced group, never
m=-or p-

NO,

@ KON @CN H,0 @CDOH
Cl Cl Cl

Uses of Nitrobenzene
(1) As an oxidising agent in organic synthesis.
(2) As a high boiling solvent.
(3) In the manufacture of aniline, azo dyes, elc,
{4) In the manufacture of floor polishes.

(5) As a scent for cheap soaps and shoe polishes under the
name of oil mirabane.
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@ Objective Problems

Introduction and Methods of Preparation

1. When C HsNO, s treated with Zn dust and NHCl we

get:

(1) aniline

(b) benzene

{¢) phenyl hydroxyl amine

(d) azoxy benzene

. Identify the products formed when mixture of (i) and (ii)
undergoes intermolecular Hofmann degradation;

15
CONH, Qcowul

D ¢

D
(b) NH,, Q—ﬁul
D
(©) QHHD. @

. In the reaction;
Phthalimide + KOH (alc.) —2— C¢H40,NK

(A)
Br .
/—:\/—; O H 0Nl N+ (D)
(B) (C)

The product (D)is :

COOH
(a)

COOH
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Co,
o | O >NH
o

CH,CH,NH,
(c, @ .‘ . .

COOH

(d) o

COOH

. The product of the following reaction will be :

CH,
@[ NaOH
C,H.0H
NO,

Reduction , B H*/H,0 > . will be :
COOH CHj5
OO
NH, NH,
COOH COOC;H,
(c) (d) @
NO, NH,

“OOH NH,

PNy H—220 + N, +CO,
Cl Cl
The reaction is :
(a) Sandmeyerreaction (b) Schmidt reaction
(c¢) Hunsdiecker (d) Friedel-Crafls reaction

. On reduction in acidic medium, nitrobenzene gives:

{a) aniline (b) nitroso benzene
(c) phenyl hydroxyl amine (d) hydrazobenzene

Properties of Anilines and Benzylamine
7. Aniline has high boiling point, high vapour pressure at

100°C and is insoluble in water. Aniline is therefore
separated by:
(a) steam distillation {b) vacuum distillation

(c) simple distillation (d) alkali treatment



126

B.

10.

12.

13.

14.

The dipole moment of p-nitro aniline is :

(a) greater than that the nitrobenzene and aniline
(b) smaller than that of nitrobenzene and aniline

(c) greater than that of nitrobenzene but smaller than of

aniline
(d) equal to zero
(1) C4HgNH, (1) mNO,- CgHyNH,
(I11) p-NO, - C4 HyNH, (IV) 0-NO,- C¢ HyNH,
The decreasing order of basicities of above mentioned
Amines Is @
(a) [=1=1I=1V (b) 1=M11=11=1IV
(c) [=MM=1V=Il (M M=IV=1=1
Which of the following order is correct regarding the
relative basicity of amines?

NH, > @—Nu: >
OEN@NFIJ
NH, < @—Nu:

NH, < 031\:—<§>71~~u-[2

(@) CH0

by CH:0

© ©

(¢) CHy

©

NH,
(d) none of the above
Aniline when treated with NaNO, and cold conc. HCI
gives:
(1) nitrobenzene
(b) benzene diazonium chloride
(c) chlorobenzene
(d) none of the above
Anils (Schiff"s bases) are formed when aniline condenses
with:
(a) benzophenone (b} acetophenone
(¢) benzaldehyde (d) benzyl alcohol
Aniline reacts with chloroform in presence of KOH to give:
(a) o-chlorobenzene (b) phenyl cyanide
(¢) carbylamine (d) amino phenol
Aniline on sulphonation gives:
(2) sulphanilic acid

15.

17

18.

19.

20.

21.

12.
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{b) m-amino benzene sulphonic acid

(¢) o-amino benzene sulphonic acid

(d) none of the above

When aniline is heated with benzaldehyde the product is:
{b) Schil"s base

{d) azoxy benzene

{a) benzoin

() unsaturated acid

In the following reaction,
CHCly +C4HsNH5 + 3NaOH—— (A}+ 3NaCl + 3H, 0,
the product (4) is:
{a) phenyl cyanide
(¢) nitrobenzene

{b) phenyl isocyanide
{d) none of these

Aniline NaNO, /HCI > (A) H,O X,
0o

compound X is :

(a) CgH4Cl {b) CxH;COCI

(c) C4HsOH (d) CaHsN,Cl

Aniline is reacted with Br, water and the resulting product
is treated with an aqueous solution of NaNO, in presence
of dil. HCI. The resulting solution is converted into a tetra
borofluorate which is subsequently heated dry. The final
product is:

(a) 1.3,5-tribromobenzene

(b) p-bromo lNuorobenzene

(c) p-bromo aniline

{d) 2.4.6-tribromo fluorobenzene

The reaction of aniline with Bryin presence of carbon
disulphide solvent gives:

{a) m-bromo aniline

{b) 24.6-tribromo aniline

{¢) o-and p-bromo anilines

(d) A-bromo aniline

Heating aniline with CS, and HgCl, gives:

(a) CyHsNCS (b) CyligNCO
(c) C4HgNC (d) C4H;CN
Equimolecular mixture of aniline and phosgene on heating
gives:
(a) phenyl isocyanate {b) phenyl cyanate
(c) phenyl isocyanide (d) pheny! cyanide
An cxcess of aniline and carbonyl chloride on heating
gives:
0

|
(a) CeHgNH - C

(b) C4HgNCO
(c) C4HsCNO
(d) C4H5CONH,

NHC g Hs
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23. On heating aniline with carbon disulphide in presence of (l)
solid KOH the product is: L

C
S
Il (a)
(a) C4HsNH— C—NHCHsq

(b) C4HgNCS

(c) Cﬁ Hq NCO
(d) none of the above
24. In the reaction sequence, {b)
H,50
CiHsNH; +(CH,CO); O0———— NHCOCH,
HNO; ,_ Steam »( ), the product (A )is :
Distillation ()
NH, NHCOCH;

(d) none of the above
SO;H ) e
27. 2,4, 6-tribromo aniline is a product of :

NH,
(a) Electrophilic addition on NH,
NO, B
(d)
{b) Electrophilic substitution on @NH:

SO,4H

25. This reaction yields one main organic compound. Which of {c) Nucleophilic addition on NH,
the following compound is it? )

NH,
{d) Nucleophilic substitution on @—NH:
(CH.CON0 . HNO, |

(c)

NO, NO, (©
(a) - (b) =
NH,
NH,
NO,

>h.so, 28. Identify X in the reaction,
' NH,
et NHCOCH, CHCI,. KOH .
) ’ i : HCL .
— s Inlerrnedmlcm—; X:
NO,
(a) (b) |
NH, NHCH,
NO,
NHCOCH; NH, (@) (b)
I il
© @ NC NH,
NO, 2
NO, . @

26. What is the end product of given reaction”

0 jf | ;
)\U . [ — no 2 Hy

NH, AICI

A
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29.

30.

3l

32.

33.

34,

Which of the following method is best suited as a
high-yield synthesis of m-nitroaniline ?

NH,
@) HNO,. H,80, | g NaOH
NO,
[b] HNG‘.Hﬁﬂ! N
NH,
(© et
NH,
NO,
@ @\ INH, )8
NO,
NH,
COOH )

the product (£ )1s :

Q@
Yo e=G

Aniline when treated with bromine water gives:

(a) o- and p-bromo anilines

(b) m-bromo aniline

{c) 24.6-tribromo aniline

(d) 2,4-dibromo aniline

Aniline on reaction with CH, COClI gives:

(b) acetarmde

(d) benzene

Aniline in cold reacts with nitrous acid (NaNQ, + dil. HCI)

(a) phenol
(c) acetanilide

1o give:

(2) phenol

(b) benzene diazonium chloride

(¢) nitrobenzene

{d) chlorobenzene

Aniline reacts with which of these to form Schiff™s base?

NEET Chemistry (Module-11)

{a) acetic acid
(c) acctonc

{b) benzaldehyde
(d) NH,

Diazonium Compounds

35,

36.

38.

39,

Which of the following reactants on reaction with HNO,
forms diazonium salts?

(a) CgHNHC,H; (b) C4H4N(CH; ),

(c) p-CH3CyH4NHCH, (d) 2.5-(CHy }; CuHyNH,
The conversion of 4-methyl benzene diazonium bromide to
tolucne is best carried out by using:

(a) H, H,0 (b) Hy3PO,, H,0

(c) H,0,0H (d) Zn, NaOH

. The iransformation of 4-methyl benzene diazonium

chloride 10 p-cresol is best carried out by using:
(a) HyPO,,H,0 (b) H™ ,H,0

(c) H,0,0H (d) HBEF,

What is the principal product formed when the slurry
obtained on treating aniline with potassium nitrite and HCI
at 0°C has been added to 4-ethyl phenol?

OH OH
N=NCgH;s NHCHs
(a) (b)
CH,CH, CH,CH,
OH

(c) (d)

N=NC6H5 CﬁHj

Qg
’as

CH,CHy CH,CH;

What is the principal product formed when slurry obtained
on treating aniline with sodium nitrite and HCl at 0°C has
been added to p-hydroxy benzoic acid?

OH
N—NCH; NHCgHs

(a) (b)

Qg
O

COOH COOH
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OH OH

(c) (d)
N=NCgH
N=NCgH; COOH

40. Identily the products formed when the following azo
compound is reduced with SnCl,/ HCL:

Hooc@

COOH

OH . e
h el 5
N nCl2/HCI P

COOH

OH

HaN

COOH
OH

H,N

OH

41.

129
COOH

H,N

(d) none of the above
The product of the following reaction ,

Ny
(1) Warm )
SO
Coo~

CH,—CH=CH—CH;

CH,
@\ ®
COOH

CH,4

(c) (d) NO, and CO,

N,Cl

CH,

Which reagent is Z in the reaction given above?
(a) LiAlH, (b) Cu bronze powder
(¢) Zn+aq. NH,Cl (d) Zn +alc. NaOH

iz

The name of the reaction and the intermediate via which it
is known to proceed are, respectively :

(a) Hunsdiecker and benzyne

{(b) Sandmeyer and a free radical

(¢) Meerwein and a free radical

(d) Sandmeyer and carbanion

. Consider the following reaction:

Il)li{'i NaNO,
Ill!l uC’l, HC1

. Diazotization of e-phenylence diamine yiclds:

m - -

N,Cl N Cl
(@ @: (b)

NH, N, Cl
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N NH,
"Ly - 2T
N
I H NH,
H
45. The product of the following reaction ;
CH;

(i) NaNO, + HCl at 0°C 3ig
(i) Resorcinol "

<o)

NH,

[ﬂ} H:‘C N 0Ol l

)

OH
{(b) H;C OH
H

N

(€) H,yC OH

PES
:

(d) none of the above
46. p-loluidine reacts with benzene-diazonium chloride to

form a compound which, on boiling with H,S80, gives

........ product(s) :
(a) one (b) wo (¢) three (d) four
NH,
47. (A)« {i) NaNO,+ HCl a1 0°C

(i) 26-dimethyl-N,
N-dimethyl aniline
{i) NaNO,+ HCl at 0°C

T NN dimethy amitine (5 )+ (4 )and (B)are :

N(CH,),
{a) both are
N=N'C6H5
N(CHj),
H; CH,4
(b) both are
N =N"C{1H_q

48.

50.

NEET Chemistry (Module-11)
N(CH5), N(CH5),
Hy CH,
(c) and
N=N-C¢Hs N=N-CgHs
N(CH3),

(d) (A)does nol form while (B )is

N=N'C6H_q

Which of the following compounds would you expect to be
major organic product of the five-step sequence shown
here?

HNO; Br,  FelHCL |
H,80,.60°C = Fe 7

NaNQ., HC1 ~ CuBr

HBr
Br Br
Br
(a) (b)
Br
Br Br
(c) (d)
NO,
Br

. Consider the scquence of reactions given below:

Auniline NaNO, /dil. HCI »(B) B-naphthol »(C)

The product (C ) has:

(a) only an azo group

(b) only a phenolic group

(c) phenolic and azo groups
(d) amino and phenolic groups

In the reaction,
NHCOCH,

@ M () DNG, gy NNG Ly
HBF, Cu
NO,

The products (A ),(8)and (C)are:
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51.

52.

53.

NH,

(a) and

9,
. 5<0)-

NO, NO, NH,

NH, N,BF, F
NO,
NH, N,BF,
NO, NO, NO,

@

NH,
Benzene dlaz{)mum chloride on reaction with phenol in a
weakly basic solution gives:
(a) diphenyl ether (b) p-hydroxy azobenzene
{c) chlorobenzene (d) benzene
The high m. pt. and insolubility in organic solvents of

sulphanilic acid ( ,N—@—SO H)an. due to its..

..Structure.

{a) Zwiller ion

(b) ionic structure H}N;@S[)] 57.

(c) dipolarion
{d) none of the above

The product of following reaction,

NaNO, o°c .
2 4-dinitro aniline —NaNO+ HCLA0%C ..

{ii) Anisole

NO,  oCH,

54.

56.

131

@

{d) none of the abnvc

Aniline when diazotized in cold and then treated with
dimethyl aniline gives a coloured product. lts structure
would be:

(@) cmw—@n:w—@mcm
CH,

EYoWo
CH,

NH, N,BF Miscellaneous Problems
55, 2.4,6-tribromo aniline is obtained by:
(d) and (a) electraphilic addition
(b) electrophilic substitution
s . .

{c) nucleophilic addition
(d) nucleophilic substitution
Beckmann transformation of A followed by hydrolysis will
yield : CH
"B 5\
TN
C¢HsCH, OH
(4)
(a) benzoic acid + benzylamine
(b) phenyl acetic acid + benzyl amine
{c) aniline + phenyl acetic acid
{d) benzoic acid + aniline
Which of the following reactants on reaction with HNO,
form C-nitroso compounds?
N(CH,), NH—C,H4

(a) (b)
CH,4 NH,
CH,4

(c) (d)

NHCH,
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58. Which of the following reactants on reaction with HNQ,

form N-nitroso compounds?

H;C—N—CH; NHC,H;
NHCH,4 NH,
CH,
(c) (d)
H4C

CH,4
Identify the unknown compounds X, ¥ and Z in the
following sequence of reaction;

59.

CeHg conc. H,50, X Fum, HNO, y NH S
cone. HNO,  conc. H,50, /90°C
O;H 0;H 0;H
(a) , ,
NO, NH,
NO, NO, NO,
* @ @ ' @
NO, NH,
NO, NO, NH,
o @ . @\ ' @
NO, NH,
NO, NO, NH,
0 @ ' @ ‘ @\
SO;H SO;H

. Which of the following reactants on reaction with
(C4 Hg )5 NH forms N-alkylated products?

(a) CH=CH,

©

(by O;N CH=CH,

©

(¢) both (a) and (b)
(d) none of the above

61.

NEET Chemistry (Module-11)

In the reaction,

©)

(i) NaNO,/HC1
{ii) H , HyO and A

o
@)
©
@)

(i) GHSCOCL AICL, 0
(i) Zn-Hg HCI

{i) HNO4. H,80,
(i} Hy, NC i

(B) (C). the product (C)is :

OH

@@

(c) CHBOH

e

CHy N,Cl

@

62. Identify (4),(8),(C).(D)and (£)in the following:

NO,
Br, . Sn+ HCl NaNQ,
Fe »(A) »(B) HCl
(0=5C)
(©) Cu,Cl/HY y(D) NH, E)
b=
NO, NH, N5 Cl
) @\ @\ @\
I3r Br 3r
NH,

0. E.
QL0

Cl Cl
@Br ! @NH-
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o —
NO, NH, N,Cl
(c)
Br Br Br
Cl 1
Br NH,

(d) nonc of the above
63. In the reaction,

Cﬁﬂ@uur HCl+ H,NCONH,

L-';H&-} product; the product is:
cat
(a) CEHE;O—@—NHCONH:
(b)
NH,
C3Hy
NH,
(<) NH:
NH,
“2Hs
(d)

64. In the given reaction:

(i) Br, /Fe (i L\. KMnO,

CeHy ————(4)

(ii) Mg, Ether 01 H
()SOC1, LA,
“ [iiJ{IH‘NHE'{D) i C4H5CH,CH, OH

The product (D)is :

65.

66.

133

(a) CHsCH;—C—NHCH,

0]

(b) C,H;CH,COOH
(c) C4H;CH;NHOH

0
When compound (4) CgH; | N is treated with C4H S0, Cl
and aq. KOH, no any change takes place. Acidification of
this mixture gives a clear solution. When { A) is treated with
NaNQ, and HCl at 0-5°C, and the product is hydrolysed, a
compound (8) C;H4N is obtained. (8) gives a ppt. with
benzene sulphonyl chlonde in the presence of ag. KOH.
(B). on reaction with NaNQ,/HCI at 0°C gives a yellow
oily substance (C), which is a powerful carcinogen.
The compounds (A4), (B) and (C)are ;

N(CHj), N(CH;),
(@) @ : @ . and (CH3),N-NO
NO
N(CH,),
(b) + (CH;);NH and (CHy);N-NO

N(CH3), N(CH;), H
(c) @ . @ and
NO NO

(d) none of the above
Compound (A ) CyHy4NCL, gives white ppt. with AgNO,
solution. It is resistant to bromination in either acid or
alkaline solution. It is also resistant to heat, nitration and
oxidation by KMnO, . The compound (A }is :

- &

P

@ | CoHs —N—CH cl

CH,4

H

I
H;C—N—CHj

(b) CH,

oo
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_ -
!
H,C—N—CH,

a
(©) al
< T
_ -5
i
H N CH,
=]
(d cH,| CI
R Hy

67. Compound (4), C9H,0,N undergoes reduction to give

(B), C7HgN Compound (B )on diazotization followed by
treatment with CuCN gives (C'), CgH;N.  Hydrolysis of
(C)followed by oxidation gives (£), CgHg O4. Compound
(D) gives only one monosubstitution product.

The compound (A4).(8), {C}and {D)are:
NO, NH,

Cllote

CN COOH

and

CH4 COOH

@ ©7C“‘ COOH

NEET Chemistry (Module-11)

NH, COOH COOH

QOO-©

68, Acompound (A Yhas motecula.r wclght 0f 257 and contains
63.7% of bromine. Diazotization of (4 ) gives a diazonium
salt, whose reduction gave a solid (B) containing 67.8%
bromine. Only one mononitro derivative of (B) can be
obtained. (A Yand (B )are:

NH»
Br Br
NH,
Br Br
(b) A= and B=
Br Br
NO,
Br Br
c) A= and B =
Br Br
NH,
Br Br
(d) 4= and B=
Br Br

69. From the choices shown below pick the one which best
describes structure of the compound A |

OOH
HiN+ (ol PO, g NaGHOR
KON wc=goa2  [iC=BISS
o, - (V] =4.85 N
NoTls7  %N=13.59 HNO.
V.P. density
Z60.50 D
J,IOI
COOH
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70.

71.

72.

73.

CONH,

CN
(a) b) @

CH,NHCOCH,4

“©

Which of the following compounds will dissolve in an
alkali solution after it has under gone reaction with
Hinsberg reagent?
(a) (C,Hs),NH

O

CONHCH;,

(<)

@

(b) CH;— rlc —CH,
CH,

(¢) C4HsNH, (d) CxHs
A compound 4 when reacted with PClg

—NHCHs

and then with
ammonia gave B. 8 when treated with bromine and caustic
potash produced C. C on treatment with NaNO, and HCI at
0°C and then boiling produced ortho-cresol. Compound A
i5:

{a) o-toluic acid {b) o-chlorotoluene

(c) o-bromotolucne (d) m-toluic acid

This reaction yiclds one main organic product. Which of
the followmg compound is it?

CH,4
NH,
Cl,. NaOH. H,0
CH,

—————— Product

CH
NH,
(c)
CH,
(d) RaccmicO/\Nﬂz
In the reaction,
ti) C1 OC,H, .
III)NR\ A
(i) H,0

Whal is this reaction I:m)wn as and which product is formed
respeciively?
(a) Hofmann rearrangement resolvable

4.

7s.

135

@/Y\NHz
CH,

{b) Curtius rearrangement, optically active

CH,

{¢) Curtius rearrangemenl racemic

CH,

(d) Hofmann-Martius rearrangement

In the reaction,
CHy

l z

HO COOH——

CH,4
CH;4

NH,

CH;
what is this reaction known and which reagent is Z in the
reaction given above?
(a) Schmidt reaction, HN; , conc. H, 80,
{b)y Curtius rearrangement
(c) Carbylamine reaction
(d) Lossn rearrangement
CHsNO, is generally used for:

(a) preparing shoe polish (b) preparing floor polish
{c) preparing of aniline  (d) all of these

76. pchloro aniline and anilinium hydrochloride can be

7.

Ts.

distinguished by:

(a) Sandmeyer's reaction (b) NaHCO;

(c) AgNO; (d) carbylamine test
Which of the following is basic dye?

(a) congo red (b) aniline yellow
(c) alizarine (d) indigo

i (CH,),NH () NaNO/HCT |
I'_<§>_NO3 omr, s ) 0-5°C (&)

iy /NI

s
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/CH:{ The product (£ )is :
(b) O;N :> CN
H,
(a)
() HEN@NHz
CH,
(d) ()EN—@NI-IE Cﬁ H;

, b
In the reaction, (®)

79

~a

0 i f
2 (i) NeOH/Br, COOH
HyC C _ -
' @ SNHy {‘,u
(c)

The structure of the product T is :

< : 0 CH
& 3
(a) HyC C A0
1 \H@ @ ”’CC”-‘

82. In the following reactions, the major product W is :

OH
(b) NH\ NH: NaNO,, HCl mf.mm .
s CH; v >V > W

o

0 (a)
- F 0

80. Which one of the following does not react with CHCl; and O/

KOH? (b)
NH,

(a) N, N-dimethyl aniline (b}
N=N ‘
NH, © G
© NN/ @ NI
81. In the reaction, HO C@

NH,

NaNOS/HCI

N CuCN/KCN o =N
e D z > E~N, (d) ©/

CH,
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Objective Problems from Competitive Examination
1. Among the following, weakest base is :

(AIIMS 2003)
(a) CgH3CH,NH, (b) CzHCH,NHCH,
(¢) O,N—CH,NH,  (d) HCONHCH,
Intermolecular hydrogen bonding is strongest in :
(AIIMS 2003)
(a) methylamine (b) phenol
(c) formaldehyde (d) methanol
Among the following dissociation constant is highest

for: (AIIMS 2004)
(a) C,H,OH (b) C,H.CH,OH
(c) CH,C=CH (d) CH4NH;Cl

The strongest base among the following is :

(AIIMS 2004)
—
@l
N

(c) O
N

H

(b)

(d

Q=
E

+ CzH;CONHCH; can be converted into

C¢H:CH,NHCH, by : (AIIMS 2005)
(a) NaBH, (b) H,-Pd/C
(c) LiAlH, (d) Zn-Hg/HCl

Which of the following chemicals are used to
manufacture methyl isocyanate that caused “Bhopal
Tragedy"? (AIIMS 2005)
(i) Methylamine (ii) Phosgene
(iii)Phosphene (iv) Dimethylamine

(a) (i) and (iii) (b) (iii) and (iv)

(c) (i) and (ii) () (ii) and (iv)

Acetamide is treated with the following reagents
separately. Which one of these would vyield
methylamine ? [ATPMT (Pre.) 2010]
(a) PCl¢ (b} NaOH—Br,

(c) Sodalime (d) Hot conc. H,50,
Which of the following compounds is most basic ?

[AIPMT (Mains) 2011]
(a) c:.‘)21\1~<’:\>71~m2
(b) QCHzmz
o O
H

9.

10.

11.

12.

13.

14.

15.

()

The compound which gives an oily nitrosoamine on

reaction with nitrous acid at low temperature is :
(AIIMS 2008)

(a) CH;NH, (b) (CH;),CHNH,

(¢) CH;—NH—CH;  (d) (CH4)4;N

An organic compound ‘A’ on treatment with NH,

gives ' B' which on heating gives ‘'C", ‘C"' when treated

with Br, in the presence of KOH produces ethylamine,

Compound ‘A'is ; [AIPMT (Mains) 2011]

(a) CH,COOH (b) CH,CH,CH,COOH

(c) CHE—?HCOOH (d) CH4CH,COOH

CH,4

Among the following compounds the one that is most
reactive towards electrophilic nitration is :

[AIPMT (Pre.) 2012]
(a) benzoic acid (b) nitrobenzene
(c) toluene (d) benzene

Which of the following will be the most stable
diazonium salt RN, X~ ? [AIPMT 2014]

(a) CHyNj X~ (b) CgHgNSX™
(c) CH3CH, N X (d) CqHSCH,N X
Which of the following will not give a primary amine ?

[AMU (Med.) 2013]
(a) CH,CN——14,
Al

(b) CHNC —21%,

Al
(¢) CH;CONH, 2114,
(d) CH,CONH, —2.M00
Some reactions of amines are given, which one is not
correct ? [Karnataka NEET 2013]

(a) {CngN—@ +NaNO,+HCl —»
(CHa}zN—@—N= NCl

(b) CH;CH,NH, + HNO, — CH;CH,OH + N,

(c) CH3NH, +CHS0,Cl — CH;NHSO,C¢H,

(d) (CH;),NH + NaNQ, + HCl —
(CH;),N—N=0

On hydrolysis of a “compound”, two compounds are

obtained. One of which on treatment with sodium

nitrite and hydrochloric acid gives a product which

does not respond to iodoform test. The second one
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16.

17.

18

reduces Tollen reagent and Fehling solution. The
“compound"” is : [Karnataka NEET 2013]
(a) CH,CH,CH,NC

(b) CH,CH,CH,CN

(c) CH,CH,CH,ON=0

(d) CH,CH,CH,CON(CH, ),

In the reaction,
NO, NO,

QL
Br Br

@Nzgl
[Karnataka NEET 2013]
(a) H,PO, and H,0  (b) H'/H,0
(c) HgSO,/H,80, (d) Cu,Cl,
In the following reaction, the product “A’is :
N=NCl  NH,

+ =H 5 (4)
Yellow dye

[AIPMT 2014]

(a) @—N=N—NH—@
NH,

0 @O

NH,
0 @D
) @—N=N—@—NH2

Which of the following reactions is appropriate for
converting acetamide to methanamine ?
[NEET 2017]

(a) Hoffmann hypobromamide reaction
(b} Stephens reaction

(c) Gabriels phthalimide synthesis

(d) Carbylamine reaction

139
NH,

H,50, .
19. —ioe? Major Product
CHj4

Major product of this reaction is : [AITIMS 2017]
NH,

NH,
(a) (b)
CHs SO.H CH,
SO4H
NH, NH,
SO4H SO;H
QL O
CH,4 CHj
20. The major product of the following reaction is :
[NEET 2019]
COOH
i)l\-: 4 NH, —tiong beoting_,
COOH
COOH
o QX
CONH,
0O
(b) NH
COOH

21. The correct order of the basic strength of methyl
substituted amines in aqueous solution is :
[NEET 2019]

(a) (CH;),NH > CH4NH, >(CH,)4N
(b) (CH4)3N > CH3NH, > (CH,),NH
(c) (CH;)4N > (CH,),NH > CH,NH,
(d) CHyNH, > (CH,),NH > (CH, )3 N
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Answers
1. (d) 2. () . (@ 4. (c) 5 (c) 6. (c) 7. (b 8. (b 9. (c) 0. (d)
1. (e 12. (b) 13. (b) 14. (a) 15. (a) 16. (a) 17, (d) 18. (a) 19. (a) 20. (b)
21. (a)




