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NITROGEN CONTAINING COMPOUND

1.0  Amones
Amines are derivatives of ammonia in which one or more hydrogen atoms are replaced by alkyl
group(s).
Amines are classified as primary, secondary and tertiary depending on the number of alkyl
groups attached to nitrogen atom.

NH, —§— RNH, —5— RNH — —5—> RN
p—amine Sec. amine - tertiary amine
General formlula (C.H,,.sN)
v 2 v
1° amine 2° amine 3° amine

2.0  General methods of preparation
(1) Ammonolysis of alkyl halides and alcohols :
(@) From Ammonolysis of alkyl halides (Hofmann's ammonolysis) : When an aqueous
solution of ammonia is heated with alkyl halide all the three types of amines and quaternary
ammonium salt are formed.

® 0

R-X—4g—> R—NH, —£ZX>R,NH—L25>R.N—*5R, NX

(Quaternary ammonium salt)
If ammonia is taken in excess, 1° amine is the main product.
(b) Ammonolysis of alcohols : When ROH and NH3 are passed over At,O3 or ThO, at 350°
Call the three types of amines are formed.

NH R—-OH R—-OH
— —3) — > >
R OH Al,0,/400°C R NH2 Al,O, R2 NH Al,0O, R3N

e Quaternary ammonium hydroxide is not formed.
e If excess of ammonia is used, then main product will be primary amine.
(2) By reduction :

(a) With RCONH, : RCONH, e RCH,NH,
(b) With RCN : RCN +4[H] —Mefefon RCH,NH,

This reaction (b) is called mendius reaction.
The reduction of alkyl isocynides gives secondary amines.

R-NC + 4[H] — CH:OHNa_, RNHCH;
(c) With Oximes : R-CH=N-OH + 4[H] &% RCH,-NH, + H,0

(d) With RNO, : RNO, + 6[H] —2"¢!_y RNH, + 2H,0

orFe+HCI

Sn/HCI is used in laboratory preparation
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(3) By hydrolysis of :

() R-NC : Alkyl isocyanide undergoes hydrolysis with mineral acid and forms alkyl amine.

R-NC +2H,0 —"  RNH,+HCOOH
(b) RNCO : Alkyl isocyarlate undergoes hydrolysis on heating with KOH and form alkyl amine.

-------------------------

Rhic_o+_ i RNH, + KO,

(4) By Hofmann's bromamide reaction (Hofmann s Hypobromite reactlon) This is a general
method for the conversion of alkanamides into primary amines having one less carbon.

I
R—C—NH, + Br, + 4KOH — R—NH, + K,CO, + 2KBr + 2H,0
(5) From Grignard reagent : Alkyl magnesium iodide reacts with chloramine to yield alkyl amine.
R—Mg—I + CI-NH, ~—— - R—NH, + Mg(
(6) Gabriel phthalimide synthesis : Phthalimide is first treated with KOH to obtain potassium

phthalimide which is then treated with alkyl iodide. Then alkyl phthalimide on hydrolysis
yields alkylamine. This method is used in the formation of pure aliphatic primary amines.

(.,0\ e KOH » _ CO"\U&:‘ :
NH “—““**_ 10 __ NK_ —
co~ 77 N0

 _~_COOH o~
I%Q%L+-E:I:- S [:j: NR—
o NANCOOH co”

Phthalic acid
e Aniline is not formed by this reaction.

(7) Curtius reaction :

R—COCI + NalN, :
' Sodium azide

)RCON T[R—C N] Rearrangement g R'-NnCmO

i
11‘[20

R-NH, + CO,
(8) Schmidt reaction : In presence of conc. H,SO4 alkanoic acid reacts with hydrazoic acid (N3H)
followed by hydrolysis to yield alkylamine.

R—COOH + NH —gis®®» R—NH, + N, + CO,
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GOLDEN KEY POINTS

3.0

Separation of 1°, 2° and 3° amines

® 0
1°,2°,3°amine + R, NX ~ —&n . Mixture of 1°, 2°, 3° amine

CXC]
R, NX does not undergo distillation.
Mixture of 1°, 2°, 3° amine can be separated by following methods.

(i) Fractional distillation : The mixture of amines may be separated by fractional distillation

because their boiling points are quite different. It is used in industry.

(if) Hinsberg method : In this method mixture of .amines is seperated by using benzene sulphonyl

chloride (Hinsberg's reagent).
CsHsSO,Cl + 1° amine— Product (ppt.) —22— Soluble

CeHsSO,Cl + 2° amine— Product (ppt.) —2— Insoluble
3° amine does not react with benzene sulphonyl chloride. (No ppt. formed)

(iii) Hofmann method : In this method mixture of amines is separated by using ethyl oxalate.

1° amine + ethyl oxalate —— solid product
2° amine + ethyl oxalate —— liquid product
3° amine + ethyl oxalate —— No reaction

PHYSICAL PROPERTIES

(i) CH3NH; is gas and C,HsNH; is a volatile liquid.
(i) Higher amines have fishy smell.

(iii) H — Bonding (weaker as compared to H-O-H).

R R R ‘ R R R

| am ik o | !

N—H"N—H-N-—H "N—H+""N—H"-N—H

| | | B | |

H H H R R R
(1°amine) | (2°amine)

In 3° amine (due to absence of H-atom) H-bonding is not possible.
(iv) Boiling point : Due to weak intermolecular H-bonding the B.P. of 1° and 2° amines are
lower than those of alcohols of comparable molecular weight. The boiling point of 3° amines
which form no H-bonds are near to those of alkanes of comparable molecular weight. -
Boiling point o molecular weight

Orderof B.P.: . I amme > 2° amme > 3° amme ?

| so orderofvolatlhty 3°amme > 2° amme > 1° amme »

(v) Solubility : Low molecular weight amine are soluble in water. The water solubility of
amines decreases with increasing size of alkyl group.
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R H R R H R R H--N.—R
| | oo e b | |
1;'—““ """ O'—H"""IT'—H l\lli—H ---- O—_H‘--*"IYI-_—-H | R—'l\ll-----H.—-O- R.
H H R~ R . 'R

(1° amine) | " (2°amine). | (3°amine)

Order or solubility = —— p-amine > s—amine > t-amine

4.0  Chemical properties
(1) Basis character of amines is due to the presence of lone pair electrons on the N-atom.
(i) Basis strength depends on electron donating tendency.
(iii) Order of basis character in aqueous solution :  (CH3), NH > CH3; NH; > (CHgs)s N > NH3
(C2H5)2 NH > (CzH5)3N > C2H5 NH, > NH;

GOLDEN KEY POINTS

. Tertiary amine is less basis then secondary due to following reasons :
(1) Steric hindrance : In tertiary amines (RsN), three alkyl groups attached to N are bulkier and
as such exert steric hindrance.
(ii) Decrease in hydration :

In tertiary amine In secondary amine

H

~0<
i e H H

[ N

RN—H---0 AT _H

- H 04
H

Protonated t-amine can form H-bonding Protonated s-amine can form H-bonding with
with water molecule only at one point water molecules at two points
[less stable] (more stable)

Conjugate acid of 3° amine are less stable as compare to 2° amine due to low hydration so less basis.

) The basis strength of aniline is less than aliphatic amines as the lone pair of electron present on

N —atom interact with the delocalized = —orbital of benzene ring. Hence it is less available for
protonation on N —atom.

(1) Reactions showing basis nature :
It reacts with acids to form salts.

RNH,+HCl — [R§H3}8‘1 —-———»High”mp, R—Cl + NH,
Alkyl ammonium chloride i '
(Acidic salt}

| R el
2RNH, —H58% . (KNH,), SO,* Alkyl ammonium sulphate
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(2) Reaction with alkyl halides : Alkyl amine reacts with alkyl halides and form sec., ter.
amines and quaternary ammonium salt.

RNH, + R—X  —®, RNH—®, RN —5 gfK
(3) Acetylation : Acetylation takes place when alkyl amine combines with acetyl chloride or

acetic anhydride.

RNH + CICOCH, —— RNHCOCH, + HCl
i (N —alkyl acetamnde)

RNH + (CH CO) (0] ————~> RNHCOCH, + CH COOH
(N —alkyl acetamide)

(4) Benzoylation (Schotten Baumann reactlon) :

COCl ' CONHR
+ H—NH-#R Bhor: + HQ
Benzoylchloride N-alkyl benzamide

(5) Acidic nature : Amines are very weak acids only 1° and 2° amines show acidic nature with
active metals.
H

2

| e e 1
R—NH, + Na —— RNHNa + 5

N- alkyl sodamide
(6) Reaction with Tilden reagent :
R—NH, + NOCI —— RCI + N, + H,0
(7) Reaction with aldehydes :

H |
| o
R—NH, + O = C-R—%2 5 RCH=NR (Schiff's base)

(8) Carbylamine Reaction (Isocyanide test) : When alkyl amine heated with chloroform and
alc. KOH alkyl isocyanide is formed which has very bad smell.
This test is also given by aniline. This is a test for p—amines.

R-NH; + CHCI; + 3KOH —— R— N = C + 3KCI + 3H,0
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5.0
5.1

(9) Hofmann’s mustard oil test : When alkyl amine is heated with carbon disulphide and
mercuric chloride alkyl isothiocyanate is formed which has smell like mustard oil.
i P
R- NH, + C=S —— R— NH—C—SH —=%— R—N—C=s + HgS + 2HCI
Alkyl isothiocyanate '
i i
RNH + C=5S s RN —C—SH _['ﬁ?__> No reaction

S

RN + C=S$S — No reaction.
(10) Reaction with HNO,, :
(a) Primary amines react with nitrous acid to produces nitrogen gas [seen as bubbles]
R—NH; + HONO ——> R-OH+ N,T + H,0
CH3 NH; + HNO, —— CH3-O-CH3s
(b)) R, NH+ HONO —— R;N-NO + H,0

Dialkylnitroso amine (Yellow oily layer)

()Rs;N+HONO — R, I%HNO‘; Trialkyl ammonium nitrite (Soluble in water)

Points to Remember :

(i) Nitrosoamines are carcinogens (Cancer causing agents)

(i) Amines can have chiral N-atom but cannot be resolved into enantiomeric forms because of
rapid inversion of one enantiomeric form into the other.

(iii) The Schiff's bases formed by reaction of 1°-amine and aldehyde / ketones are also called
anils.

(iv) The mixture of 1°,2°,3° amines can be distinguished by hofmann's test or hinsberg's

reagent or nitrous acid test.

ANILINE (CgHsNH,)
General Methods of Preparation
(1) Lab method :
CeHsNO, —H<5 CgHsNH, + H,0
(2) Industrial method :
CeHs-NO, —= 5 CgHs—NH, + H,0
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(3) From phenol :
CeHsOH + NH3 —=22— CgHsNH, + H,0

300°C
(4) From benzamide (Hoffmann's bromamide reaction) :
CsHsCONH; + Br, + 4AKOH —— CgHsNH; + K,CO3 + 2KBr + 2H,0
(5) Form benzoic acid (Schmidt reaction) :
CoHsCOOH + N3gH —S2e850: , CeHsNH, + N, T + CO,T

(Hydrazoic acid)
(6) From Grignard reagent :

CgHgMégf' + CINHz - CsHsNHZ + Mg <BF

(7) From phenyl isocyanide :
CeHsN = C + 2H,0 —— CgHsNH, + HCOOH

5.2  Physical properties
(i) Fresh, aniline is a colorless oily liquid. On standing the colour becomes dark brown due to
action of air and light.
(i) It's B.P. is 183°C.
(iii) It is heavier than water.
(iv) It has characteristic unpleasent odour. It is toxic in nature.

Reactions due to —NH, group
(1) Basis nature : Aniline is weak base but it forms salt with strong acids. It accepts a proton.

+ © g = -
C6H51@LI2 +H —> C¢Hs NH, Anilinium ion
(&) @
CsHsNH, + HCI —> CeHs NH,CI Anilinium hydrochloride
®
2C¢HsNH, + H,SO, ——  (CeHs NH,)2SO4 Anilinium sulphate

2CgHsNH;, + HoPtClg ——  (CgHs ﬁH3)2PtC|672 Anilinium platinic chloride
Chloroplatinic acid
(2) Alkylation : Aniline reacts with alkyl halides forming secondary, tertiary and quaternary
ammonium salts depending on the concentration of alkyl halides.
CeHsNH;, + CHsl ——> CgHs—NH-CH3 + HI (N-methyl aniline)
CsHsNH-CH3 + CH3sl——  CgHsN(CHs),+ HI - (N,N—dimethyl aniline)

DO
CsHsN(CHs), + CH3l ——  CgHs(CHgs)s NI (Trimethyl phenyl ammonium iodide)
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(3) Acylation : Aniline reacts with acid chlorides or anhydrides to form corresponding
amides called anilides. [The reaction of CgHsNH, with benzoyl chloride is example of

""Schotten Baumann reaction™]

C¢H.-NH, + CI-C-CH, Base CH,-NH-C-CH, (Acetanilide)
5 !

(4) Carbylamine reaction :

CsHsNH; + CHCI3 + 3KOH —— CgHsNC + 3KCI + 3H,0

Phenyl isocyanide (Foul smell compound)
Note : (1) Intermediate species is dichloro carbene [: CCl,].
(2) This is test of aniline and other primary amine, known as Isocynide test.

(5) Hoffmann's mustard oil reaction : When aniline is heated with alc. CS, and excess of
HgCl, Phenyl isothiocyanate having a characteristic smell of mustard oil is formed.

CHNH, + 5=C=8 % , ¢CHN=C=S

Phenyl isothiocyanate
This is a test of aniline and other primary amines.
(6) Reaction with aldehydes : Aniline condenses with aldehydes to form schiff's base.
CH.NH, + H—C";—‘ CGHS' —_— CHN = CHCVGHV5 + H,O

o . Benzylidene aniline
: (schiff's base)

(7) Reaction with hinsberg’s reagent :
CeHs-SO,Cl + HNHCgHs ~ —"< CsHsSO,NHCsHs
(N—Phenylbenzene sulphonamide)
(8) Diazotisation : Diazotisation is a reaction in which ice cooled solution of aniline in an
inorganic acid reacts with sodium solution leading to the formation of diazonium salt.

CeHsNH, + NaNO, + HCI e CeHsNLCI

-H,0
Benzene diazonium chloride is a useful synthetic reagent. It is used in the preparation of many

organic compounds.
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— GHOH . ¢H, + CH,CHO + N, + HCl

HPO +HO . ¢ .H, + HPO, + N, + HCl

O, CHCl+ N, + HCl

Sandmeyer
e, CHBr+N,+HA oactill

| CulCNHCN, ¢ HON + N, + HCI

LK), CHJI+ N, +KCl

NaBF, -
CHN,Cl—— N8, C.H.F + BF. + NaCl Balz-Schiemann reaction
borate

—— C/H.OH
—— —  C,H.C! (Gattermann reactions)

s CHBr

L snu:l-'m »  CHNHNH,(Ptienyl hydrazine)
| N-CH;
[
[l (Red orange dye) )
——nsnw > CHN=N—CHOH

Coupli
~ p-Hydroxy azobenzene (Orange dye) > mul:::sg
—aes —— CHN=N—CHNH,

: p-Amino azobenzene (aniline yellow

or yellow dye) y,

&g
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(1) Halogenation : In Polar and nonpolar medium Chlorine and bromine react with aniline and

form trichloro and tribromo aniline respectively.

NH, _ NH, . NH,
: Bf ) Br C] Cl
+ 3Br , OF SCEZ - Polar solvent H,0) or
Br a
2,4,6- Tribromo aniline
_ (white ppt.)
NH, | NH,
' Br. _ Br -
+Br, Non polar solvent(CQ,) L

_ Br
2,4,6-Triboromoaniline

Note : However, monobromo or chloro derivative of aniline can be prepared if —-NH, group is

first protected by acetyl group. Here the reactivity decreases due less +M effect on benzene ring.

NH, | " NHCOCH, NHCOCH,  NHCOCH,
@ @ WE‘%‘T—) Br +
(Acetanilide) o B
HO

NH, NH,
of @
4

o—and p-Bromo aniline

(2) Nitration :

NH, NH, NH,
Sw-& - &, 8. &
RSO, NO,
NO
| : : (47%) - (51%) (2%}
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(3) Sulphonation : Aniline reacts with fuming H,SO, to give sulphanilic acid. (p-Amino-

benzene sulphonic acid)

NH, NH.HSO, ' NHSOH
NH,
@ + H,SO, (Fuming) —— @ _%16%::;); @ Rearrangement B
SOH
Sulphanilic acid

o This process is called baking.

o Sulphanilic acid is an important intermediate in the manufacturing of dyes and durgs.

o The compounds in which both proton donating & proton accepting groups present are

called ampholite (dipolare ion)

SO,H ,
(4) Catalytic hydrogenation: Aniline undergoes hydrogenation in presence of Ni at high temp.

to form cyclohexanamine.

5.3  Tests of aniline
(i) Carbylamine test : Aniline gives carbylamine test or isocyanide test.
CsHsNH; + CHCI3 + KOH —— CgHsNC  (Bad smelling)
(if) Dye test : Aniline is first diazotised. On adding alkaline solution. Of B-naphthol to the
diaztised product a red-orange dye is formed.

(iii) On heating with bromine water, a white ppt. is formed.
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BEGINNER'S BOX-1

1)

)

©)

6.0

6.1

6.2

6.3

Which one of following reaction is schotten - baumann reaction

(1) Acetylation of RNH, (2) Acylation of RNH,
(3) Benzoylation of RNH, (4) All of them

Which of the following pair will yield primary amie on hydrolysis
(1) CH3NCO, CH3NC (2) CH3CN, CH3NC
(3) (CH3);NH, CH3-CH = NOH (4) None of the above

Methylamine on treatment with chloroform and ethanolic caustic alkali gives foul smelling
compound, the compound is

(1) CH3NCO (2) CH3CNO (3) CH3CN (4) CH3NC

NITRO BENZENE (CsHsNO,)

It is also called as artificial oil of bitter almonds or oil of mirbane as its odour is like that of
bitter almonds.

General Methods of Preparation
(1) l.ab method :

‘ + Conc. H,SO, + Conc. HNO, __5060¢ ,
() Fromdiazc')niu'ms.,alt: . o

Physical Properties

(i) Nitro benzene is light yellow oily liquid

(i) 1t has smell of bitter almonds

(iii) It is steam voltile. It's vapours are poisonous in nature,
(iv) It is heavier than water

(v) It's B. P. is 211°C

(vi) Smell of nitro benzene and benzene is same

Chemical properties

Nitrobenzene shows following chemical reactions —
(1) Reactions due to NO, group.

(2) Reactions due to benzene ring :

(A) Electrophilic substitution

(B) Nucleophilic substitution
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6.4

6.5

NO,
Cone. HNO,+ :
Conc. HSO, |
—r

O,N NO,

Fumning H,S0,

SOH
NO,

Substitution
Reaction

Cl,/AIC),

Fe/HO or Sn/HC
or H/Pd . Qmﬂz
Mitro Benzene ]
SEAE - N"-DH
H
F
IZ.I"Hz'D » @N:D
dil. H,S0,
Electmlytic
Teduchon
.Ccunc H.50, Q N— (] fearngement | HD@W
Dﬂ,-:wﬂaoﬁ ?
l
or MNaAsC, Q 4@'[-&1“@ benzene)
CH,OH/NaOH/Zn i . :
or NaSn0, or LA, @—n#n sobenzene
H,0/NaOH/Zn QH_H 3 |
Test Nitrobenzene

Mullikan Barker Test : Ethanolic solution of nitrobenzene is treated with zinc dust and
NH,4CI solution. The mixture is heated and filter in a test tube containing tollen's reagent a grey
or black pricipitate (Ag mirror) is formed.
CsHsNO, + Zn + NH4Cl —— CgHsNH-OH —Tellensreagent o = H.NO + Silver mirror

Phenyl hydroxyl amine Nitroso benzene (Agl)

REDUCTION

Bimalecular Reductinn

Uses

(i) As a solvent

(i1) In manufacture of aniline and azo dye
BEGINNER'S BOX-2
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1. Nitration of which of the following compound is difficult :-
(1) Benzene (2) Nitrobenzene (3) Toluene (4) Phenol
2. Nitration of nitrobenzene in presence of fuming nitric acid will generate a :-
(1) Solid product (2) Gaseous product
(3) Semi-solid product (4) Liquid product
3. CeHsNO, SRl A NaNO/HCA o B- tg obtain benzene from B, the suitable reagent is :
(1) SnCl, + HCI (2) H3PO, (3) C,HsN,ClI (4) Methanol
4. When nitrobenzene is heated with cone. HNOj3 and cone. H,SO, the product would be obtained :-
(1) T.N.T. (2) D.N.B. (3) D.D.T. (4) T.E.L.
5. Which of the following has the maximum value of dipole moment ?
Cl |

NO,

1)

Cl
ANSWER KEY

. i Que.
BEGINNER'S BOX-1 e 7 T A

BEGINNER'S BOX.2 MReL
AnNs. 2 1 2

[EEN
N
w

[N
N
w
SN
o1

N
N
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