Amines constitute an important class of organic
compourndcds derived by replacing, one: or more hyydrogoer
atoms of ammonia molecule by allkeyl faryl grouap(s). In
nalure, they ococur aomnong proleins, vilamins, allkaloids
and hormones. Synthetic examples include polvimners.
dyvesiulls and droags, Two biologically active compournods,
namely adrenaline and ephedrine. both contalning
sccorndary aminoe group,. arc uscd o inercasce blood
pressure. Movocain., o synthetic aminoe compound. is
uscd as an anacsthetic in dentistry,. Benadryl, a oweell
known antihistaminic drag also contains tertiary amino
growue. Cualtecrmary ammmonium saltls are used as
surfactants. DMazoniunm salts are intermediates in the
proparatiornn of @ wvaricty of aromatic compourndcds
irncluding dwves. I this Ulndt, you will learmn about amines
and diazoniuam salls.

I. AMINES

Amines can be considered as derivatives of ammonia.
cbhilaimned byw replacerment of omne, two o or all the three
hyvdrogen atoms by allkyl and Sor aryl groups.

For example:

_CH,
CH,—NH. . C;H.—NH,. CH,-NH-CH,, CH,-N_
L,

Amines constitute an important class of organic
compounds derived by replacing one or more hoaydroggen
atoms of ammonia molecule by alkylyaryl grouapl(s). I
nalure, they ocour among proleins, vitamins, alkaloids
and hormones. Synthetic examples include polymmenrs.
dyvestulls and drags. Two biologically aclive compounds,
namely adrenaline and ephedrine. both containing
sccondary amine group. arc uscd bto inereasce blood
pressure. MNMovocain., o synthetic amino compounrnd. is
n=scd as an anacsthetic in dentistry. Benadryl, a owell
known antihistaminic drrmag also contains tertiarny amino
group. Cuatermary ammoniunm salts are uased as
surfactants. DMazonium salts are intermediates in the
preparation of & variecty of aromatic compounds
including dwves. In this Thhndt, you w1l learn about amines
and diazonivum salls.

I. AMINES

Ammines can be considered as dervatives of ammonia.,
aobiained by replacement of omne, two or all the three
hyvdrogen atoms by allkyl and for aryl groups.
For example:
_CH,

CH,—NH,, C,H.—NH,, CH,-NH-CH,, CH,-N ~cr
- =



Amines are classified as primary (19, secondary (2") and tertiary (37)
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 RNH, or ArNH,. a primary amine (1°).
If two hydrogen atoms of ammonia or one hydrogen atom of R-NI, 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 alkyvl/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.

R NG R
NH, —> RN — N—HF — N—R"
R~ R~

Primary(1°) Secondary(2°) Tertiary(3°)

In common system. an aliphatic amine is named by prefixing alkyl
group Lo amine, i.e., alkylamine as one word (e.g.. methylamine)., In
secondary and tertiary amines, when two or mare groups are the same,
the prefix di or (ri is appended before the name of alkyl group. In
TUPAC system., amines are named as alkanamines, derived by
replacement of ‘¢ of alkane by the word amine. For example, CH_ NH,
is named as methanamine. In case. more than one amino group is
present at different positions in the parent chain, their positions are
specified by giving numbers to the carbon atoms bearing -NH, groups
and suitable prefix such as di, tri, ete. is attached to the amine. The
letter e’ of the suffix of the hydrocarbon part is retained. For example,
H N-CH,-CH_-NH, is named as cthane- 1. 2-diamine.



Table 13.1: Nomenclature of Some Alkylamines and Arylamines

Amine Common name IUPAC name
CH, -CH,-NH, Ethvlamine Ethanamine
CH,-CH.-CH,-NH, n-Propylamine Fropan-1-amine
CH.— ?‘H— CH, Isopropylamine Fropan-2-aminec

MNH,
CH,— T“Iﬂ— CH,—CH, Ethyimethylamine N-Methylethanamine
H
CH, —N—CI, Trimethylamine N.N-Dimethylmethanamine
CH,
1 E 3 4
C,H,—N—CH, —CH,—CH,—CH, N, N-Dicthylbutylamine M, MN-Dicthylbutan-1-amine
I P
C:H;
1 a a
MH,—CH,—CH=CH, Allylamine Prop-2-en- l-amine
NH,—I[CH,), —NH, Hexamethylenediamine Hexane- | G-diamine
NH,
Aniline Aniline or Benzenamine
NH,
CH,
o-Toluidine 2-Aminotoluene

(al Allkanamines oersils ammonio

Let us consider the reaction of an alkanamine and ammonia with
a prolon o compare their basicily,

Ny 0

R—N: + HW = R—rlu‘—u
H H
H H
TR i,
H—]‘I\I: + H - — H—['i-] —H
H H

Due to the electron releasing nature of alkyl group. it [R) pushes
clectrons lowards nitrogen and thus makes the unshared electron
pair more available for sharing with the proton of the acid. Moreowver,
the substituted ammonium ion formed from the amine gets stabilised
due to dispersal of the positive charge by the +1 effect of the allol
group. Hence, alkylamines are stronger bases than ammonia.
Thus, the basic nature of aliphatic amines should increase with
increase in the number of alkyl groups, This trend is followed in
the gaseous phase. The order of basicity of amines in the gaseous
phase follows the expected order: tertiary amine > secondary amine
= primary amine > MH_ . The trend is not regular in the agueous




13.1 Classify the following amines as primary, secondary or tertiary:
NH N(CH.),

¢
il [ii] @G liii) (C.HLCHNH,  (iv)(C,H.)LNH

13.2 (i) Write structures of different 1someric amines corresponding to the molecular
formula, CIT, N.
(i) Write IUPAC names of all the isomers.
[iii] What type of isomerism is exhibited by different pairs of amines?

: r]rEj'm ration  Amines are prepared by the following methods:

"'-'f 1. Reduction of nitro compounds
Nitro compounds are reduced to amines by passing hydrogen gas
in the presence of finely divided nickel, palladium or platinum and
also by reduction with metals in acidic medium. Nitroalkanes can
also he similarly reduced fto the corresponding alkanamines.

MO, H,/Pd NH,
m Ethanaol
MO, MIT.
Y Bn+HCI :
or Fe+HCI

Reduction with iron scrap and hydrochloric acid is preferred because
FeCl, formed gets hydrolysed to release hydrochloric acid during the
reaction. Thus, only a small amount of hydrochloric acid s required
to initiate the reaction.

5. Gabriel phthalimide synthesis

Gabriel synthesls Is used for the preparation of primary amines.
I"hthalimide on treatment with ethanolic potassinm hydroxide forms
potassium salt of phthalimide which on heating with alkyl halide
followed by alkaline hydrelysis produces the cormresponding primary
amine. Aromatic primary amines cannot be prepared by this method
because aryl halides do not undergo nucleophilic substitution with

the anion formed by phthalimide.
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6. Hoffmann bromamide degradation reaction

Hoffmann developed a method for preparation of primary amines by
treating an amide with bromine in an aqueous or ethanolic solution
of sodium hydroxide. In this degradation reaction, migration of an
alkyl or aryl group takes place from carbonyl carbon of the amide
to the nitrogen atom. The amine so formed contains one carbon less
than that present in the amide.

O

Il

R-C-NH, +Br, + 4NaOH —— R - NI, + Na,CO, + 2NaBr + 21,0

Example 13.2  Write chemical equations for the following conversions:
(il CH,-CH_~Clinto CH_~CH,~CH,-NH_
(i) CJH_-CH. —Clinto CJII-CIL-CIT-NIT,

Hrrllnfhm
) CH,-CH,-c| Ethanolic NaCN_ o~y cpp-c=n Feduction o CH.-CH,-NH,

Chloroethane Propanenitrile Propar- | -amine

()  CH-CH~c1 EthanolieNaCN, oy en,-c=n 228 ¢ HCH,-CH,-NH,

Chlorophenvimethane Phenylethanenitrile 2-Phenylethanamine
(Benzyl chloride) (Benzyl cyanide)
Write structures and [UPAC names of t':mm[li'r.‘ 13.3
() the amide which gives propanamine by Hoffmann bromamide
reaction.

(i) the amine produced by the Hoffmann degradation of benzamide.

Soluti
o lutron
(i) Propanamine contains three carbons, Henee, Uhe amide molecule muost

contain four carbon atoms. Structure and IUPAC name of the starting
amide with [our carbon atoms are given below:

CH;,—CHn—CHE—ﬁ‘,—N H, Butanamide

i) Benzamide is an aromatic amide containing seven carbon atoms.
Henee, the amine formed from benzamide is aromalic primary amine
confaining six carbon atoms.

NH,
: Aniline or benzenamine

Intext  (Juestion

13.3 How will vou convert
(i) Benzene into aniline (i1} Benzene into N, N-dimethylaniline
liii) CI-(CTT) ~Clinto hexan-1,6-diamine?



Aliphatic and aromatic primary and secondary amines react with
acid chlorides, anhydrides and esters by nueleophilic substitution
reaction. This reaction 1s Known as acylation. You can consider
Lhis reaclion as the replacement of hydrogen atom of -NH,, or =N-H
group by the acyl group. The products obtalned by acylation reaction
are known as amides. The reaction is carried out in the presence of
a base stronger than the amine, like pyridine, which removes HCI so
formed and shifts the equilibrium to the right hand side,

j/-"---.\\ICH H LH
CHA-H C—Cl Base, CHEN—Eﬁl—*CaH -N-C-CH, + H-CI
EI ﬂ H 0 Imo
Ethanamine N-Ethylethanamide
H
! Dase
CH.—N: + CH—C—(C1 — (CH.— N—C— CH, + H—(1
| Il Il
C.H. 0 C,H, O
MN-Ethylethanamine N, N-Diethylethanamide

CHH_,_—.'I\I- —H + CH,—C—0—C—CH; —> C“HE—N — C— CH, + CH,COOT
| | Il Ll
H ] O H O

Benzenamine Ethanolc anhydride N-FPhenylethanamide
or Acetanilide
Amines also react with benzoyl chloride [C_H.COCI). This reaction
is known as henzoylation,

CH3NH,, + CgHgCOCI —= CHZNHCOC Hg + HCI
Methanamine Benzovl chloride N - Methylbenzamide

6. Redction with aryglsualphongl chloride
Benzenesulphonyl chloride (C_H_S0_Cl). which is also known as
Hinsberg's reagent, reacts with primary and secondary amines to
form sulphonamides.
[a) The reaction of benzenesulphonyl chloride with primary amine
vields NCFthylben?enesulphmwl amide,

I
Q s — 1 + H—N— CII—:.@ N —C,H, + HCI
|

Il
.r'».--E'.T_hy'lbe:tze-ne-sulphmmmide
[soluble i alliali)

The hydrogen attached to nitrogen in sulphonamide is strongly
acldic due to the presence of strong electron withdrawing sulphonyl
group. Hence, it is soluble in alkali.

(b Irn the reaction with secondary amine, N, N-diethwl

benzenesulphonamide is formed.

i i
@—ﬁ—m + H—N—CH, —> HE@EI. N—C,IL + HCI
| [
')

C.H. O CH,
N N-Drethvibenzenesulphonanide



G. Reaction with arylsulphonyl chloride
Benzenesulphonyl chloride (C H_ S0, C1), which is also known as
Hinsbergs reagent. reacts with primary and secondary amines to
form sulphonamides.
(a) The reaction of benzenesulphonyl chloride with primary amine
vields NCFthylben?enesulplmnvl amide.

Il
@—EI‘.—CI + H—N—CH, —> —N— C,H. + HCI
|
2

I1
.r'u‘-E‘.ﬂ1ylbe:1zenesulphmmmide
(=oluble in allkali)
The hydrogen attached to nitrogen in sulphonamide is strongly
acldic due to the presence of strong electron withdrawing sulphonyl

group. Hence, it is soluble in alkali.
() In the reaction with secondary amine, N, N-diethwvl

benzenesulphonamide is formed.

il i
@ﬁ_C] + H—N—CH,—> HC—@—&I N—C.IL + HCI
I | I
O

C.H. O CH,
N.N-Dhiethvibenzenesulphonamide

) Witration: Direct nitration of aniline vields tarry oxidation
products in addition to the nitro derivatives. Moreover, in the
strongly acidic medium, aniline is protonated to form the
anilininm lon which is meta directing. That is why besides the
ortho and para derivatives, significant amount of meta derivative
is also formed.

MNH,

MNH., MH.,
MO,
@H‘ND H.S0, 288K @ +©\ +©/
MO,

[5 1%] (£ 7%0] (2%0)

However, by protecting the —-NH, group by acetylation reaction
with acetic anhydride, the nitration reaction can be controlled
and the p-nitro derivative can be obtained as the major product.

MHCOCH, MNITCOCTH,

MH,
[LEI S0, 0 HMNO,, H.SO,, EBEH. CI-H or H'
P‘_l,rrll:]inc

Acetanilide p—NlLrnar.rfLurlﬂlri: p-NJLruan]l[nl:




(c)] Sulphonation: Aniline reacts with concentrated sulphuric acid
toe form anilinium hydrogensulphate which on heating with
sulphuric acid at 453-473K produces p-aminobenzene sulphonic
acid, commonly Known as sulphanilic acid, as the major product.

"‘JH HS,
— 50,
S0.H
Andlindum
hydrogensulphate Sulphanilic acid ZyAtter lon

Amniline does not undergo Friedel-Crafis reaction (alkylation and
acetvlation] due to salt formation with aluminiunm chloride, the
Lewis acid, which is used as a catalyst. Due to this. nitrogen of
aniline acqguires positive charge and hence acts as a strong
deactivating group for further reaction.

II. DIAFZONIUM SALTS
The diazonium salts have the general formula (@ ]';.lg x where R stands

for an aryl group and X ion may be CI Br, HSO,, BF, . etc. They are

named by sullixing diazonium to the name of the parent hydrocarbon
from which they are formed, followed by the name of anion such as

chloride, hydrogensulphate, etc. The [-.'.13 group is called diszonium

group. For example, C.H, }:12 1 is named as benzenediazonium
chloride and C.H_:N .‘;1-1504 is known as benzenediazonium
hydrogensulphate.

Primary aliphatic amines form highly unstable allkoyldiazonium salts
[refer to Section 13.6). Primary aromaltic amines form arenediazonium
=salts which are stable for a short time in solution at low temperatures
[273-278 K). The stability of arcenediazonium ion is explained on the
basis of resonance.

=]

SRS 5O

Benzenediazonium chloride is prepared by the reaction of aniline with
nitrous acid at 273-278K. Nitrous acid is produced in the reaction
mixture by the reaction of sodinm nitrite with hydrochloric acid. The
conversion of primary aromatic amines into diazoninm salts is known
as diazotisation, Due (o its instability, the diazonium salt is not
generally stored and is used immediately after its preparation.

?LL'
Zru

2TE-ZTRERK

CoH NH, + NaNQ, + 2HC| — 2723788 o0 j NoCL = NaCl + 2H,0



ArNCl + HPO,+ HO —> ArH + N, + H,PO,+ HCI
ArNCl + CH,CH,OH —> ArH + N, + CH,CHO + HCI

5. Replacement by hydroxyl group: If the temperature of the
diazonium sall solution is allowed to rise upto 283 K, the salt
gets hvdrolysed to phenol.

ANCI + HLO —> ArOH + N, + HCI

6. Replacement by —NO, group: When diazonium fluoroborate is
heated with aqueous sodium nitrite solution in the presence of
copper, the diazonium group is replaced by -NO, group.

> -
N.Cl

+ HBF,

acid

+ —
N.BF,

NO.,
_,© m@ + N, + NaBF,
> Cu, &N
Fluoroboric

B. Reactions involving retention of diazo group

coupling reactions

The azo products obtained have an extended conjugate system having
both the aromatic rings joined through the -N=N- bond. These compounds
are oflen coloured and are used as dyes. Benzene diazonium chloride
reacts with phenol in which the phenol molecule at its para position is
coupled with the diazonium salt to form p-hydroxyazobenzene. This
type of reaction is known as coupling reaction. Similarly the reaction of
diazonium salt with aniline yields p-aminoazobenzene. This is an example
of electrophilic substitution reaction.

P - -
QN‘-‘—-‘NCI . H@—OH a2 e ON:NOOH + Cl'+ H,O0

p-Hydroxyazobenzene (orange dye)

. e
QI\ENCI + HONH’L QN=N—QNH_,+ Cl+ H,0

13.10 lmpnrlance
of Diazonium
Salts in
Synthesis
of

(Compounds

p-Aminocazobenzene
(yellow dye)

From the above reactions, it is clear that the diazonium salts are very
good Intermediates for the introduction of -F, ~Cl1, -Br, -1, <CN, -OH,
-NO, groups into the aromalic ring.

Aryl fluorides and iodides cannot be prepared by direct halogenation.
The cyano group cannot be introduced by nucleophilic substitution of
chlorine in chlorobenzene but cyanobenzene can be easily obtained
from diazonium salt.



13.5 How will you convert:
(i) Ethanoic acid into methanamine
(1) Hexanenitrile into l-aminopentane
{iii) Methanol to ethanoic acid
(iv] Ethanamine into methanamine
(v) Ethanoic acid into propanoic acid
(vi}) Methanamine into ethanamine
(vii) Nitromecthane into dimethylamine
(viii) Propanoic acid into ethanoic acid?
13.6 Describe a method for the identfication of primary, secondary and tertiary amines.
Also write chemical equations of the reactions involved.
13.7 Write shorl notes on the following:

(i) Carbylamine reaction (ii) Diazotisation
(iii) Hofmann’s bromamide reaction (iv) Coupling reaction
(v) Ammonolysis (vi) Acetylation

(vil) Gabriel phthalimide synthesis.
13.8 Accomplish the following conversions:

(1) Nitrobenzene to benzolc acid

(ii) Benzene to m-bromophenol

(iif) Benzoic acid to aniline

(iv) Aniline to 2.,4.6-tribromofluorobenzenc
(v} Benzyl chloride to 2-phenylethanamine
(vi) Chlorobenzene to p-chloroaniline

(vii] Aniline to p-bromoaniline

(viil) Benzamide to toluene

(ix) Aniline to benzyl alcohol.

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

(1] CH,CH,I—""" »a =]l » B MEOMiBL

Partial hydralesis

I e L T D R

. . KON LARIFE, HNO,
[iii)] CHLCH, Br > M > 13 e+ O

(W) CLHNO, TN A MM el g menr e

[} CquﬂH ML, A Mol + B MaMo, SN i

i) CyHoNO, FesHCL o IOy o (=M Tl o



13.10 An aromatic compound ‘A" on freatment with aqueous ammonia and heating
forms compound ‘B° which on heating with Br, and KOH lorms a compound 'C’
of molecular formula C,H,N. Write the structures and IUPAC names of compounds
A, B and C,

13,11 Complete the following reactions:
(i) C;HLNH, + CHCI; + alc.KOH —»
(il C.H,N,Cl+ H,PO, + H,O -
[iii) CoH.NH, + H,S0, (conc.) =
(iv] C;H;N,Cl+C,H,OH >
(v) C;H,NH, +Br, (aq) »
(vi) CgHyNH, + (CH,CO), O -»
(\"J Cl_;HS r\'.'C] ( ..:\l:ol\.ll!::l;.('ls. )
13.12 Why cannot aromatic primary amines be prepared by Gabriel phthalimide
synthesis?
13.13 Write the reactions of (i) aromatic and (ii) aliphatic primary amines with nitrous
acid.
13.14 Give plausible explanation for each of the following:
(i) Why are amines less acidic than alcohols of comparable molecular masses?
(if) Why do primary amines have higher boiling point than terliary amines?
(iif) Why are aliphatic amines stronger bases than aromatic amines?
The
Gomberg-Bachmann reaction, named for the Russian-American chemist Moses Gomberg and
the American chemist Werner Emmanuel Bachmann, is an aryl-aryl coupling reaction via a

diazonium salt.[11[213]

® 6
N2 X oH
—

1 2 3

The arene compound 1 (here benzene) is coupled with base with the diazonium salt 2 to the
biaryl 3 through an intermediate aryl radical. For example, p-bromobiphenyl may be prepared
from 4-bromoaniline and benzene:!!

BrCesHsNH> + CsHg — BrCsH4—CgHs

The reaction offers a wide scope for both diazonium component and arene component but yields
are generally low following the original procedure (less than 40%), given the many side-
reactions of diazonium salts. Several improvements have been suggested. One possibility is to
employ diazonium tetrafluoroborates in arene solvent together with a phase-transfer catalyst,!
another is to use 1-aryl-3,3-dialkyltriazenes.’®!
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The Sandmeyer reaction is a chemical reaction used to synthesize aryl halides from aryl
diazonium salts using copper salts as reagents or catalysts./2l2I] |t js an example of a radical-
nucleophilic aromatic substitution. The Sandmeyer reaction provides a method through which
one can perform unique transformations on benzene, such as halogenation, cyanation,
trifluoromethylation, and hydroxylation.

MH; ¥
1. NaNQ; / HX
2. CuX

The reaction was discovered in 1884 by Swiss chemist Traugott Sandmeyer, when he attempted
to synthesize phenylacetylene from benzenediazonium chloride and cuprous acetylide. Instead,
the main product he isolated was phenyl chloride.[! In modern times, the Sandmeyer reaction
refers to any method for substitution of an aromatic amino group via preparation of its diazonium
salt followed by its displacement with a nucleophile in the presence of catalytic copper(l) salts.
(Due to the low cost of copper salts, a stoichiometric amount is often employed for better
reactivity even when catalysis is possible.) The most commonly employed Sandmeyer reactions
are the chlorination, bromination, cyanation, and hydroxylation reactions using CuCl, CuBr,
CuCN, and Cu0, respectively. More recently, trifluoromethylation of diazonium salts has been
developed and is referred to as a 'Sandmeyer-type' reaction. Diazonium salts also react with
boronates, iodide, thiols, water, hypophosphorous acid and others,’ and fluorination can be
carried out using tetrafluoroborate anions (Balz—Schiemann reaction). However, since these
processes do not require a metal catalyst, they are not usually referred to as Sandmeyer reactions.
In numerous variants that have been developed, other transition metal salts, including copper(ll),
iron(111), and cobalt(I11) have also been employed.[! Due to its wide synthetic applicability, the
Sandmeyer reaction, along with other transformations of diazonium compounds, is
complementary to electrophilic aromatic substitution.

| X

One common thing in Sandmeyer’s and Gattermann’s reaction is the conversion of aniline into
diazonium salt.

Mechanism for formation of benzene diazonium ion:—
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Sandmeyer’s reaction:—

In this reaction aniline is treated with mixture of NaNO- and HCI to form benzene diazonium
chloride,which on further reaction with cuprous salts,haloarenes are obtained

doia
N, X X

HX NaNO CuX
—_—
b0-100°C

R R

X=CN, Br, Cl, 50,H

Gattermann’s reaction;—-



In this reaction aniline is converted first into diazonium salt by treating with mixture of NaNO:
and HCI. In very next step diazonium salt is heated with HCI or HBr in presence of copper metal

to get haloarenes.

NH,.
N0, + HU
(0-5)°C ’

QUESTIONS FOR COC2 UNIT1

@ o (2

ML
@ —

e
=~
N

Fo

B

Cu/iés. @

S

12.17 Complete each synthesis by giving missing starting material, reagent or products

CH,CH,
() ©/ KMnO,
KOH, heat

ILNCONHNH,
[iii) €,H,CHO ——0—————

()U [Ag(NH),
v) | R
CHO

tvii) CH,CHO dil.NaOH
% _ dil.NaOH _

CH,CH,CHO

[ix) QOH CrO,
o) 0O

——iedy .
(i) Zn-H,0 2<:>:0

COOH
i) @: S0CL
cooy  Deat
0
I
C
CHO NacN 7 HOI
(vi) g
COOH

(i} NaBH,
(vitij CH,COCH,COOC,H, —ll’
[id) K

0 (Oon——— Oao

12.18 Give plausible explanation for each of the following:
(i) Cyclohexanone forms cyanohydrin in good yicld bul 2,2.6-trimethyleyclo-

hexanone does nol.

(i) There are two -NH. groups in semicarbazide. However, only one is involved
in the formation of semicarbazones.






