Chapter

8

Nitrogen Compounds
Day – 1

Nitrogen Compounds
The nitrogen compounds can be broadly divided in three parts
1. Urea
2. Amines
3. Nitrile and isonitrile
4. Nitro and Nitrito
UREA

Preparation
1:- Wohler synthesis
(Ammonium cynate)

Urea

2:- Industrial methods:- is also called the Bosch-Meiser urea process;

.
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Properties Physical
1. Non-toxic, crystalline, m.p. 132oC
2. Soluble in waters and alcohol, insoluble in non-polar solvent.
Chemical
1.Biuret test: - Urea when heated to 132oC forms biuret which gives violet colour with CuSO4.

This test is given by proteins, peptides and other compounds containing
(Called Peptide Linkage).

linkage.

2. On Rapid heating urea forms cyanic acid (HNCO) which palymerises to form cyanuric acid
(HNCO)3
NH2 COHN2 → HNCO + NH3

3. Hydrolysis:-

4. With Nitrous Acid:HN2 COHN2 + 2HNO2 ⟶ H2 + 2CO2 + 3H2 O
5. With Acid Chloride:-

6. Formaldehyde :- urea formaldehyde resin (see polymers)

n
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Amines
Introduction
Amines constitute an important class of organic compounds derived by replacing one or more
hydrogen atoms of ammonia molecule by alkyl/aryl group(s).
In nature, they occur among proteins, vitamins, alkaloids and hormones. Synthetic
examples include polymers, dyestuffs and drugs. Two biologically active compounds, namely
adrenaline and ephedrine, both containing secondary amino group, are used to increase blood
pressure. Novocain, a synthetic amino compound, is used as an anaesthetic in dentistry. Benadryl,
a well known antihistaminic drug also contains tertiary amino group. Quaternary ammonium salts
are used as surfactants. Diazonium salts are intermediates in the preparation of a variety of
aromatic compounds including dyes. In this Unit, you will learn about amines and diazonium salts.
Amines can be considered as derivatives of ammonia, obtained by replacement of one,
two or all the three hydrogen atoms by alkyl and/or aryl groups.
For example:-

Like ammonia, nitrogen atom of amines is trivalent and carries an unshared pair of electrons.
Nitrogen orbitals in amines are therefore, sp3 hybridised orbitals of nitrogen overlap with orbitals
of hydrogen or carbon depending upon the composition of the amines. The fourth orbital of
nitrogen in all amines contains an unshared pair of electrons. Due to the presence of unshared pair
of electrons, the angle C – N – E, (where E is C or H) is than 109.5 o; for instance. It is 108o in case
of trimethylamine as shown in figure.

Classification

Amines are classified as primary (1o), secondary (2o) and tertiary (3o) depending upon the number
of hydrogen atoms replaced by alkyl or aryl groups in ammonia molecule. If one hydrogen atom
of ammonia is replaced by R or Ar , we get RNH2 or ArNH2, a primary amine (1o). If two
hydrogen atoms of ammonia or one hydrogen atom of R-NH2 are replaced by another
alkyl/aryl(R’) group, what would you get? You get R-NHR’, secondary amine. The second
alkyl/aryl group may be same or different. Replacement of another hydrogen atom by alkyl/aryl
group leads to the formation of tertiary amine. Amines are said to be ‘simple’ when all the alkyl or
aryl groups are the same, and ‘mixed’ when they are different.

Amines
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Primary ⟶ RNH2

Nomenclature

Preparation
Primary Amines
Rx + NH3 → RNH2 + HX

(5) From Carbonyls
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H+

(7) RNC + 2H2 O →
RNH2 + HCOOH
RNCO + 2KOH ⟶ RNH2 + K 2 CO3
(8) Gabriel phthalemide synthesis:- has three steps
(a):- phthalemide is reacted with KOH to give potassium phthalemide.

(b):- This K salt is reacted with Alkyl halide

(c):- This is further by hydrolysed to 1 o Amine

(10):- Decarboxylation α-amino Acids:-

(11):- Hoffman Brommamide Reaction:-

(12):- Schmidt RXn:-

(13):- From RMgX and chloramines:-
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Illustration
Reduction of amide by LiAH five 1o amine. For the felling product frd the standing reagent.

Illustration
Find Products

Secondary Amines
(1) Reaction of primary amines with alkyl halide in presence of Alkali

(2) Reduction of Isonitrile :pt

RNC + 4H →
RNHCH3
(3) Mannich Reaction:-

(4) Calcium yanamide
(5) RMYX + R′ NHCl ⟶ RNHR′ + MYXCl
(6) HCHO + CH3 COCH3 + RNH2 ⟶ CH3 COCH2 CH2 NHR

Illustration
Which chloramines + RMgX given products.
(a)

(b)
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Tertiary Amine

Hoffman’s Method
(Mixture of 10, 20 and 30 Amine)
RX + NH3 ⟶ RNH2 + HX

Physical Properties
(1):- Polar
(2):- Form H bond (except 30)
(3):- b.p > alkane, Alkene,
< Alcohols, Acid,
(4):- b.p. 1o > 2o > 3o
(5):- All amine basic and stronger than ammonia (+ I effect )
Alkyl Group
Besic shortest (in algears medium )
CH3 –
R2NH > RNH2 > R3N > NH3
C2H5 –
R2NH > RNH2 > R3N > NH3
(CH3)2 CH –
RNH2 > NH3 > R2NH > R3N
(CH3)3 – C –
NH3 > RNH2 > R2NH > R3N
(1):- Aniline is less basic than ammonia. This is because of + M effect lone pair of electron is
withdrawn by benzene ring.

(2):- Aetnamide

because

also Contains NH2 group but is very less basic than C2H5NH2

grape withdraws electron.

(3):- The compound with least ‘s’ character (Sp3 - hybridezed) is most basic (opp. Of acidic)
(i):- CH3 NH2 > CH2 – N = CH CH3 > CH3 – C ≡ N
(ii):- CH3 CH2 CH2 NH2 > H2C = CH CH2 NH2 > HC ≡ C CH2 NH2
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(iii):- (CH3)2 NH > CH3 NH2 > NH3 > C6 H5 NH2

Chemical Property
(A) Reactions Shown by all amines:(1):- Reacts with acid to form salt, which when heated at high temp office book amine (same)

30 Amine + Acid →
(2):- Hoffman’s Elimination

∆

Alkenes
RX

RX

(a) RNH2 + RX ⟶ R 2 NH →
R3N →
R4N+X −
(b) R 4 N + X − + Ag 2 O + H2 O ⟶ R 4 N + OH − + AgX ↓ Whict ppt.
(c) R 4 N + OH − →

∆

30 Amine + Alkene + H2 O

(3) Alkylation:Amines undergo alkylation on reaction with alkyl Halide (Refer chapter – Halogen
Compounds).
(4) Acylation:Primary, secondary aliphatic amines as well on aromatic amines show this reaction. 3°
amines do not show this reaction.

Imp:- On acidification the product given back amine

Note:- Alkene formed by this does not follow say Saytzeffs Rule, but opposite, less substituted is
the major product This is also called Hoffman’s elimination.

Illustration
Base Strength:(a)
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Illustration
Amine:-

A is 10 Amine as it vcoets with 3 mdr CHI3.

(5):- Addition of ketones and reduction to give 2o amone:-

(6):- Reaction with HNO2 give Aclohol:-

RNH2 + HNO2 ⟶ ROH + N2 + H2 O|except methyl amine
CH3 NH2 + HNO2 ⟶ CH3 − O − CH3 + 2N2 + 3H2 O

Aromatic Amine
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(7):- Reaction with RMgX gives alkanes:RNH2 + R′ mgx ⟶ R′ H + RNH − Mgx
(8):- Reaction with Benzene sulfonyl chloride:- (Hindsberg Regent) 1o Amines form benzene
sulfo namide soluble in alkali

Used in Separation of Amines
20 Amine forms form N,N – dialkyl benzene which is insoluble the Alkali while 3 0 Amine does
not react at all.

30 Amines ⟶ No Reaction
(9):- Oxidation:10 Amine ⟶ Aldehyde or ketone by KMNO4
20 Amine ⟶ tetra alkyl hydrazine with KMNO4 and dialkyl hydroxylamine with caro’s acid.
30 Amine ⟶ not ox. by KMNO4 but form Amine oxide by caro’s acid.
1o amine RCH2 NH2 →

KMNO4

2o amine:(R)2 NH →
(R)2 NH →
3o amine
(R)3 N →

RCH = NH →

KMNO4
H2 So5

H2 So5

H2 O

RCHO + NH3

(R)2 N − N − (R)2
(R)2 NOH

[R 3 N ⟶ O]

Reactions given only by 10 Amine
(1):- Carbylamine Test
RNH2 + CHCl3 + 3KOH →

∆

RNC + 3KCl + 3H2 O

(2):- Hoffman Mustard Oil Reaction:-
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Reactions shown only by 20 Amines
(1):- When reacted with CS2 20 Amines form dithio – Carbamic acid which is not decomposed by
HgCl2.
(2):- 2o Amines react with HNO2 to form insoluble oily nitrosamines. No formation of N 2

Nitrosoamines are Easily hydrolysed is give 2o Amines.

Reactions Shown Only by 3o Amines
(1):- Reaction will HNO2 forming R3N..HNO2
(CH3 )3 N + HNO2 ⟶ [(CH3 )2 NH]+ [NO−
2]

Differentiation in 1o; 2o and 3o Amine
Test
1. CHCl3 +AlC.
KOH (Carbylamine
test)
2. CS2 + HgCl2
(Mustard oil test)
3. Nithans acid

4. Rxn with Actyl
chloride
5. Active Hinbeng’s
regent.
6. Melhyl Iodide

Primary
Bed
smelling
Isocyanide is formed.

Secondary
No Acetion

Tertiary
Wo ahian

Alkyl thioisocyanate is
formed. Pursent smell
like mustard oil
Alcohal formed with
evolution of H2gas

No Reaction

No Reaction

Forms
nitrosoamine
which given green color
with phenol and can
H2So4 (liebermains test)

Acetyl
derivalive
formed.
Monoalkyl
sulphonemide soluble
in KOH
3 mole of CH3 form
Quaternaty salt with
are mole of Amine

Acetyl
derivalive
formed
Dialkyl
sutfonemide
Insoluble in KOH

Forms nitrite in add
which
given
nitrosoumin
an
heaty and given
Liabermin’s test
No Rxn
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