& AMINES

5. INTRODUCTION

Amines arc the orgamic derivatives of ammonia in which one, two or all the three hydrogen atoms
have been replaced by alkyl, anyl or aralkyl groups. For example,

H H H CH,

I | i |
H—N—H CH,—N—H CH,—N—CH, CH,—N—CH,
Ammonia Mcthylamine Dimethylamine Triethylamine

Amines from an important class of organic compounds since they not only serve as starting maternals
for the synthesis of other classes of organic compounds but many of them also possess profound physioclogcal
activity In this umit. we shall briefly discuss the chemistry of aliphatic and aromatic amines.

2.7 CLASSIFICATION OF AMINES

Amines are classified as primary (1°) secondary (2*) and tertiary (3%)* according as one, fwa Of all
the fhree hvdrogen atoms of ammonia are replaced by alkyl or aryl or aralkyl groups as described below -

(/) Primary (1°) amines. Pnimary amines are derivatives of ammena in which one hydrogen atom of
ammonia has been replaced by alkyl, aryl or aralkyl group. Therefore, their functional group is the amino
group (—NH,).

Depending upon whether the group directly attached to the nitrogen atom i3 an alkyl, aryl or aralkyl
group they are called aliphatic amines (or alkylamines) aromatic amines (or arylamines) and
aralkylamines respectinvely For example,

CH,—NM, @—N!l, @-ClllN}l:
Aslne

Mothvianine : Henzylamine
(4 liphianc amine) (Arylamare) (Arulkylamine)

(1) Secondary (2°) wmines. These are dermvatives of amumonia in which two hydrogen atoms of ammaonia
have been replaced by alkyl and or aralkyvl groups Therefore, their funcuonal group 1s the imino group

a1 may e noted hete Uial the oims plulaly, scvwtdary and teiuary used hers have dilferent meanings than
L eloatials, 1%, 2% and 3% akeobols reler w the type of carbon to which OH 15 attached
\ary ause bul 2-propasel » secvadary sleochol

those uscd tn wase o alcohiols
Thus, 2-propanaiuie i3 & pot

CH,— CH—CH, CH,—CH—CH,
! |
NH, OH
1* Amune 2* Algchal

2
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re same or different, 2° amines
iphatic or purely aromatic
hed to the nitrogen atom,

(>NH). Depending upon whether the two groups attached to the N-atom a

ay be purely al

are further classifed as simple or mixed. Further, the 2° amines m
ps attacl

or mixed aliphatic-aromatic depending upon the nature of the two grou
For example,

: H
| | N_@ N—CH,
CH,—N—CH CH,;—N—CH,CHj
£} 5 o —_ N-Methylaniline

Diphenylamine
(Simple aromatic)
vesin which all the three hydrogen atoms of ammonia
herefore, they contain tertiary nitrogen (& N_.) as
also be purely aliphatic, purely aromatic or mixed

(.gmplc J aliphatic) (Mix:d : aliphatic) (Mixed : aliphatic-aromatic)

Tertiary (3°) amines. These are ammonia derivati
have been replaced by alkyl, aryl or aralkyl groups. 3y
the functional group. Like secondary amines, they may
aliphatic aromatic. For example,

CH, CH,4 (|3H3
| [ _
CH,;—N—CH, CH,—N—CH,CH, N—CH,
Trimethylamine Ethyldimethylamine N, N-Dimethylaniline

(Simple : aliphatic) (Mixed : aliphatic) (Mixed : aliphatic-aromatic)

Quaternary ammonium compounds or salts. Apart from three types of amines, there is another
class of compounds called quaternary ammonium salts. These compounds may be regarded as derivatives
of ammonium salts in which all the four H-atoms of the ammonium ion have been replaced by alkyl or aryl
or aralkyl groups.

NH} X~

Ammonium salt

R,N'X-

Quaternary ammonium salt (where X is halogen, hydroxide ion efc.)

i
e.g. [(CHy),NI"I” [(CH;CH,),N]* OH~ CgHs N(CH3);Br~
Te 1 i io<.iide T thyl jum hydroxid Trimethylphenyl: ium bromide
glsmucrums OF AMINES

The structure of amines is similar to that of ammonia. Like in ammonia, N of ami i 3
= . h ' . , N of amines is also sp-
hybridized. Three of the .vp3—qrbnals, which contain one electron each, form o-bonds either with H-atoms
or lh; alkyl or aryl groups while the fourth one contains a lone pair of electrons. For example, the structure
of trimethylamine is shown below : ’

. LONE PAIR
sp3
hybridized\N\< C—N. & bond
—N, o bon
H,C 108° CH,

CH
3
Since lone-pair-bond pair repulsions are much greater th i
Isi an bond pair-bond pair repulsions, thercfore
%i;b;;ﬂgr;%;f :’:“l':%“;‘z‘f two adjacent H-atoms or alkyl groups decreases from the ll::lrahcdr‘al angle of
an amines. However, in case of 3° amines, due to steric hindrance between the

0 108° in trimethylamine. Thus,

three bulky alkyl groups, the bond angle increases from 107° in ammonia t
all the three amines (1° 2° or 3%) like NH; have pyramidal shape

@

STEREOCHEMISTRY. OF, AMINES
A tertiary amine i ; .
obIRLTE lhis'yorbital ct]"r:‘t:j:.]'rs hss a pyramidal shape with its lone pair of electrons present in a P
then the tertiary amincs o“heng the llonze ;;mr of electrons is considered as the fourth different substituent; .
Jesatvable; Bot, In aclal o typc R'RR’N bccagse of their pyramidal shapes should be chiral and hence
it c‘nergy di}]‘ practice, such type of tertiary amines have never been resolved. This is due to the
Mot crence Pcl\vmn the enantiomers of such type of amines is very small (25 kJ mol ") and

y rapidly interconvert into one another by a process called nitrogen inversion or amine inversion.

Duri i . . i
uring this nitrogen inversion, the state of hybridization of N changes from sp° to spz to give a planar

transition state which, in turn, i i i
i#Fig 9.1 IS , can either revert to the starting amine (1) or to its enantiomer (II) as shown

R! sp3-Hybridized
sp3-Hybridized l sp2-Hybridized

| 24

\ 4 R

N@ P— D @ P @N -

2

R z/ 1 /2 %3 M ll\

R l Planar transition state l
ENANTIOMERS

*'FIGURE 9.1. Racemization of tertiary amines via nitrogen inversion. -/,

R1

Since the rate of this inversion is very high (2:3 x 101 sec™!), therefore, tertiary amines of the type
R!'R?R3N th i ist ic mi: i '
though chiral exist as racemic mixtures which cannot be resolved.

Optical activity of quaternary ammonium salts of the type R‘R’RJR"];X', The lone pairs of
clectrons on the N-atom is involved in nitrogen inversion and hence racemization of tertiary amines with
different substituents occurs. However, if the lone pair of electrons on nitrogen is bonded to fourth different
substituent, then racemization duc to nitrogen inversion will not be possible and hence such quaternary
ammonium salts should exhibit optical activity. This prediction has been found to be true. For example,
allylbenzylmethylphenylammonium iodide has been resolved into two optically active forms (Fig. 9.2). ‘

MIRROR g
CH,CH=CH, CH,CH=CH,
4 \\‘\\\\\.-N*\ (i . -
W2 u"""
cee K CeHs Cs“s/ llcHaCes
Ny CHy
FIGURE 9.2. En S AR el 4
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Scanned with CamScanner




5. NOMENCLATURE OF AMINES e e
> 1. Aliphatic amines. In the common system, aliphatic amines are named by the fo 4

i f aliphatic
iphati i y es. The common names o al
(i) According to onc method, aliphatic amincs are called alkylamin f the alkyl group attached to the

. e ame 0
primary amines are then obtained by adding the suﬁ'm amine to the mmes e iyl groups are arranged
nitrogen atom. In case of mixcd secondary and tertiary amines, the name: o econdaryand tcniarylaxaxrrul’ e
in alphabetical order and the suffix amine is then added. Howcv:r,l for f}i;llpgmup

i xes di and tri arc used before the name of the a 3
respectively, the prefixes di a 2 i the suffix e ke, ot

Similarly, the names of aralkylamines arel dc:vc)d by
aralkyl group (or groups arranged in alphabetical order). . .

(i) According to the second system, aliphatic amines are called amlnoalklalllc:‘-n an:;;z ssgg:le(;;;gu::
primary amines arc named by adding the prefix amino to the name of the par;x‘lh al e T
the longest possible straight chain. The position of the amino group ar}d that of the su . ]owést s;ible
indicated by the arabic numerals with the carbon atom bearing the amino group getting po:
number.
Secondary and tertiary amines are named respectively as N-all(xlaminnalkanes and N-alkyl-N-
alkyl 1k (or N, N-tlialkylaminoall in case the two substituent alkyl groups are the same).
The largest alkyl group forms a part of the aminoalkane while the smaller alkyl groups are cgynsxdcrcd as
substituents. The prefixes N- and N, N-simply mean that the alkyl groups are attached to the nitrogen atom
rather than to a carbon atom.

In case of aralkaylamines, the position of the aryl group is indicated by a suitable number.

In the IUPAC system, aliphatic amines are called alkanamines. These names arc obtained by removing
the final ‘¢’ from the name of the corresponding alkane and adding the suffix amine.

1t may be noted here that regardless of the system of nomenclature, the complete name of an amine is
always written as one word.

The common and ITUPAC names of some aliphatic amines are given below :

AMINE COMMON NAME | M IUPAC NAME
Primary amines :
CH;NH, Methylamine or Aminomethane Methanamine
CH,CH,NH, Ethylamine or Aminocthane Ethanamine
3 2 1
CH;CH,CH,NH, n-Propylamine or 1-Aminoprop; 1-P; or Propan-1-amine
8 2 1

CH;—CH — CH,

| Isopropylamine or 2-Aminapropane

NH, Propan-2-amine

Secondary amines :
CH;—NH—CH,4 Dimethylamine or N-Methylmethanamine

N-Methylaminomethane
Ethylmethylamine or

N-Methylaminocthane

CH,CH,—NH-CH.
37 3 N-Methylethanamine

2

P
ORCANICICHEMISTRY VoL
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Tertiary amines ;
CHj,

CHy—N—CH; Trimethylamine N, N-'Dimeﬂiylmcﬂmﬁmin:
CH, CH,
| B
CH;CH,—C—CH;, N, N-Diethyl-N-methylamine N-Ethyl-N-methylethanamine
Aralkylamines :

S)-cHNg,
©>-Cu,Cinm,
2 1

Benzylamine or Phenylami hane Phenylmett

B-Phenylethylamine or

2-Phenylethanamine
2-Phenylaminoethane

In case of mixed sccondary and tertiary amines in which one of the alkyl groups has three or more
carbon atoms and hence can exhibit position isomerism, the position of carbon atom of the chain to which
the nitrogen is attached is included in the name of the amine. For example,

4 s
H,C CH,CH,

2 3 4 5 | 3 | 2 1
CH;—NH—CH — CH,—CH — CH,4 CH;—N—C—CH,CH,4
| |
ICH, CH, CH,
Common : 2-(N-Methylamino)-4-methylpentane 3-(N, N-Dimethylamino)-3-methylpentane
TUPAC N, 4-Dimethylpentan-2-amine

3, N, N-Trimethyl-3-pentanamine

In case of polyfunctional compounds, the amine is named as a derivative of the principal functional
group. For example,

4 3 2 1

2 1
H,N—CH,CH,—OH  NH,—CH,CH,CH,—COOH

2-Aminoethanol 4-Aminobutanoic acid
If, however, all the functional groups are substituent functional groups, the compound is named as a
derivative of the compound ining the functional group which comes first in the alphabetical order. For
example, ¢

1 2 3
CH;—NH—CH,—CH — CH,

Yo,
N-Methyl-2-nitropentanamine
In case of unsaturated amines, the double/triple bond is given the preference. For example,
2 3 2
=CH—CH,NH,
Prop-1-en-3-amine

1
CH,CH = CHNH, CH,

1-Propenamine

/AMINES|
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5 N incs. Thie name of an
2. Aromatic amincs, Jn the common system, aromatic amincs are ca“e‘:‘:l: ::;’T:,’ll’oup.
individual amine is then obtained by adding the suffix amine to the name 0. T iod sl
. . ] i ne
. are named as derivatives of the simplest aromatic am -
bl !-hcs g For example, a/m/p-tolmdme for o/m/p-

; i 0 used. ocie
However, in some cases, special names are alst N-phenyl derivative of aniline is generally

hylaniline and o/im/p-anisidine for o/m/p h niline. Even
called diphenylamine. ;

In the TUPAC system, the simplest aromatic amine is called henz!
as derivatives of this amine.

It may be noted here again that the complete name of an amine is always

The common and TUPAC names of some arylamines are given below :

enamine and other amines are named

written as one word.

NH, NHCH, NHC,H;

ili —Ethylaniline

ili N-Methylaniline N-Ethylaniline
Bl:n':cl:nm‘r'\e or N—Muhy]{aenzenami ne ‘N-Ethylbenzenamine

CH;—N—CH;

i

N-Phenylaniline or Diphenylamine
N,N-Dimethylaniline or N-Phenylbenzenamine

or N,N-Dimethylbenzenamine

NH, NH,
1
CH.
2 3
CH. NH
5—CH, : o 2
o-Toluidine m-Toluidine Ly onidioe,.
or 2-Methylaniline or 3-Methylaniline iRy h?“;i"’""‘“?
or 2-Methylbenzenamine or 3-Methylbenzenamine ol ethyl @cmmlnc
NH, NH,
1 ; f 1
>—OCH; 2 y
CH,0
5—OCH, 3 NH,
i s p-Anisidine
o-Anisidine m-Anisidine -Mef ili
or 2-Methoxyaniline : or 3-Methoxyaniline ‘4.‘;;:[}?:“!:::._):‘),2“]}'“-3
or 2-Methoxybenzenamine or 3-Methoxybenzenamine B Re eSS

Since amines are better known by their common names, therefore, in this unit, we shall be using
common names more frequently though here and there some IUPAC names have also been given,

BT Ao e emicanc
& - e SRR NS CHEMISTRY,

G 1S’

PREPARATION! OF; AMINES: R A ; Ty
Amines are generally prepared by the following methods : e ot B

- Reduction of nitro compounds. The nitro ¢ ds can be easily reduced to the correspondin,
pn.mary 'fxmmcs cill')cr by catalytic h; yd ion or I;y combination of a¥1 active metal and ﬂs}:i:ﬁagl
agul- This method is particularly useful for the preparation of aromatic primary amines since aromatic
nitro compounds can be easily prepared by nitration of arencs. In recent years, this method has become
increasingly important even for the preparation of aliphatic primary’mines since aliphatic nitro compounds
are now being prepared commercially by vapour phasé nitration of alkancs.

X Raney Nior Pt, room temp.
iarnchlubed ok dbswimiri s
NO,+3H, - Pd/C, ethanol, room temp. ©_NH2 +2H,0

Nitrobenzene Aniline

Qne disad ge of catalytic hyd: ion is that other reducible groups such_a.;'ethylenic double
bond if present in the nitro compound, also gets reduced. For example, RO

Raney Nior Pt
CH, = CH—@—NOZ +4H, —2 "7, CH,CHj NH, + 2H,0
room temp. B

p-Nitrostyrene p-Ethylaniline

(ii) Reduction with an active metal such as Fe, Sn, Zn etc. and concentrated hydrochloric acid. For
example, reduction of nitrobenzene with So/HCI first gives a chlorostannate salt from which free amine is
recovered by the addition of alkali followed by steam distillation. %

+ s OH™
\ @—NOZ sw/HCl [@-NH,LSnClg e 2©_No2 + SnO%-

i . distillation .
Nitrabenzene * An amine salt Aniline ; Stannate ion

Lithium aluminium hydride (LiAlH,) can also be used for the reduction of aliphatic (but not éromaﬁcj
nitro compounds.

Raney Nior Pt
CH,CH,—NO, +3H, —— "7, ' CH,CH,—NH, + 2H,0
room temp.
Nitroethane Ethylamine
g In case of di or trinitro compounds, selective reduction of one nitro group can also be achieved by
using ium hydrog Iphide as a reducing agent. Thus, ! 3
NO, NO, -
NH,SH
—
NO, NH,

m-Dinitrobenzene m-Nitroanilino
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be easily prepared by the
and Raney nickel or chemically with

2. By the reduction of nitriles*. Aliphatic and aralkyl primary amines can
reduction of the corresponding nitriles either catalytically with H,

lithium infum hydride or sodium and alcohol (reduction with sodium and alcohol is called Mendius
reduction) :
Hy/Raney Ni
R—C=N 700, or Na/aloohol R—CHZNHZ
Alkyl nitrile 1° Amine
3 Hy/Raney Ni
S CH,C=N — 50, or Na/aloohol CH;CH,—NH,
Aoeto'nitxile Ethylamine
Hy/Raney Ni -
Benzonitrile Benzylamine
Hj/Raney Ni
@-—CHZCN AT, o NaakoaT @—CHZCHZNHZ
Benzyl cyanide B-Phenylethylamine

Synthetic importance. Since alkyl/aralkyl nitriles can be easily prepared by the action of alcoholic
NaCN or KCN on the corresponding alkyl/aralkyl halides, this gives us an excellent method for converting
alkyl halides into primary amines having one carbon atom more than the parent alkyl halide. Thus,

KCN (alc) LiAlH,/Ether '
R—X ——x R—CN —— > RCH,—NH,
Alkyl halide Alkyl cyanide 1° Amine

Although aryl nitriles needed for the purpose cannot be prepared by the action of alc. KCN on the
corresponding aryl halides, yet they can be easily prepared by the action of aq. KCN on the corresponding
arenediazonium salts.

T
CHyN = NCI _(‘:% CH—CN +N, +KCl
caf
Benzenediazonium chloride e Benzonitrile

3. Reductive amination. Primary, secondary and tertiary amines can be prepared from aldehydes
and ketones by reductive amination. I involves the treatment of an aldehyde or a ketone with ammonia or
an amine in presence of a reducing agent. The reaction occurs through the intermediate formation of an

‘lReducticn of isocyanides with Hy/Raney Ni or LI:AIH4 gives secondary amines, i.e., N-methylamines. For
example, )

o 4 Hg/Raney Ni
—N 2 —_—
,CH,—N 2 C or LiAll; CH;CH,—NH—CH,
Ethyl isocyanide Ethylmethylamine
Hy/Raney Ni
—N 2 —_—
CHs;—N 2 C or Lia, C¢Hs—NH—CH,
Phenyl isocyanide N-Methylaniline

Oy e e —
,__%I’c‘nm:nnvﬁvouﬂj]

imine which upon reduction gi i imine
\ ! gives the sponding amine. The reducti imine is achi i
catalytically with Raney Ni/H, at 373 K and 150 atm. p orchetiieal ;fzf i wpa b

(NaBH4CN). Sodium cyanob, 5 i
carbonyl compound, cyanoborohydride being less reactive than NaBH,, reduces the imine but not 1

Primary amines are f ; e
sediichai agtae re formed by treatment of an aldehyde or ketone with ammonia in presence of

H H

| X [ | ka i
— C= ey Ni/Hpy
R—C=0+NH, — R—C=NH| ———> 11-(:}{,—14}{2

or NaBH3CN
Aldehyde An imine 1° Amine
R’ R’ ‘
| | Raney Ni7 R"
R—C=0+NH, —» |R—C=NH ey N B “ScHNH,
“H,0 or NaBH;CN R
A ketone An imine 1° Amine -
eg. CH,CH,CH,CHO CH;,CH,CH,CH,NH,
n-Butyraldchyde n-Butylamine
NH3, Ni, Hy
©ra0 =25 Sy,
Benzaldehyde Benzylamine
NH3, NaBH;CN
Cﬂa—ﬁ—CHZCHZCHJ ————— CH;—CH—CH,CH,CH,
4 NH,
2-Pentanone 2-Pentanamine’
fechanism. Reductive occurs through intermediate formation of an imine and occurs
through the following steps.

L} %" pron \Cpo "

. N ~N /
> CV\O_). NH; /C \ N transfer -
NH, N—H
Aldehydo : ] ,
or kotone H

S Hp Ni N,
W ~C . NH ———» /CH—NH2
Imine 1°Amino
Secondary amines are formed by treatment of an aldehyde or ketone with a primary amine in presence
of a reducing agent : ) e

N

AMINES '+© R
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2

ZiH ‘H
| PR SR P J: Hy N
R—C =0 +HN—CHR' —= |R—C=N—CHR'| —— R—CH,—NH—CH,—R’
Aldchyde 1° Amine g An imine 2° Amine
e L S o \ ~ 7 HyNi i
@ b [ (O)—cu=nen, | 25 CH,—NHCH,
Benzaldehyde Benzylmethylamine

Similarly, tertiary amines arc formed when an aldehyde or a ketone is treated with a secondary
amine in presence of a reducing agent.

CH,; CH,
CHs (CH3), NH, Ni, Hy | |
/C =0 —— 5 CH;—CH—N—CH,
CH;,
Acetone N, N-Dimethylisopropylamine

Merits. It is a particularly useful method for the preparation of primary amines containing a secondary
alkyl group (i.c., 2-pentanamine). Recall these amines are difficult to prepare by Hofmann ammonolysis of
alkyl halides because of the tendency of sec-alkyl halides to undergo elimination.

Limitations. The primary amines formed during reductive amination can react further with the aldchyde
or ketone to form a certain amount of the secondary amine. This can, however, be avoided by using desired
proportions of the reactants.

4. Gabriel phthalimide reaction. This is a very convenient method for the preparation o pure aliphatic
and aralkyl primary amines. Phthalimide contains an imino group (—NH—) flanked by two electron-
withdrawing carbonyl groups and hence the hydrogen of the imino group is acidic. Therefore, phthalimide

canbe easily converted into its potassium salt by treatment with an alcoholic solution of potassium hydroxide.
Potassium phthalimide, on heating with an alkyl or aralkyl halide, gives the corresponding N-substituted
phthalimide. This upon hydrolysis with hot dil. HCl (20%) under pressure or with boiling alkali gives
primary amine.

co co
“\\NH+KOH (ale) —t Sy
s o

CO/

Phthalimide Pot. phthalimide
CO COOH
CHsl N H*/H,0
i /N CHs < o0’ + C,HNH,
CO COOH Ethylamine

N-Ethylphthalimide N-Ethylphthalimide

Phthalic acid can again be converted into phthalimide and used over and over again.

Similarly benzylamine can be prepared by using benzyl clgloridc and glycine (NH,CH,COOH) by
using chloroacetic acid in place of ethyl jodide in the above reaction.

Hydrazinolysis (Cleavage by hydrazine) of N-alkylphthalimides is a more convenient and efficient
metho ~~ compared to acidic/basic hydrolysis for obtaining 1° amines using Gabriel synthesis. For example,

.’on’G‘A’Nlczcmxﬁnvgv;duﬂlﬂ
FIORCANICCHEMIS

- JAMINES i Ry e @

CO.
/NR * NH, -NH, — R_Ng, 4 O
CO Hydrazine © - i |"Amin=z : i |
N-Alkylphthalimide co” NH
5. By Hofmann (e Phthalhydrazide

carbon atom less than the original amide.

R—CONH, + Br, + 4K
™ s s
eg., CHJCHZCONH2 +Br, + 4KOH :
2 — CH. —]
Propionamide E:f}"’:imiﬂ"NHz i + i
CONH,

NH,
+ BT2+4K0H—> + K2C93+2Ki3r+2}{20‘ %

Benzamide Aniline
Mechanism. Br, reacts with alkali to form hypobromite ion (BrO-) which initiates the reaction. The
Br, +20H"— OBr + Br + H,0

reaction is believed to occur through the following steps :

0o (0]
I ) H TR S 5 ﬂ . :
Step 1. R—C—NC_ + “0Br —» R—C—NH + Br--OH — R—C—NHBr +OH -

1° Amide Hypobromite N-Bromoamide ()
jon T
(0]
I |-
Step 2. R—C—N--H + OH T;O, R—C—!\.Y—-Br
O Br
o (o]
o |
Step 3. R—C—NDBr — R—C—N:
o Acylnitrene (II) y
I '
Stepd. (( R— l?ﬂ: — R—N=C=0 .
Alkyl isocyanate (III) :
Hydrolysis
StepS. R—N=C=0 + 2KOH ———> R—NH, +K,CO;
1° Amine :
Evidence is support of the mechanism. This mech has been supported by the obscrvation that

N-bromoamide (T) and alkyl isocyanates (II) have actually been isolated as intermediates in the abovc
ction. These intermediates yield the d amine when treated with KOH. 2 o 3
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. s d ‘ot § ion is further supported
The formation ana i cdiate in the above reaction is furtl pp by the
of isocyanate as an interm ONa instead of aducoss NaOK

observation that when this reaction is carried out with mell.\anolic CH,
methyl carbamate or urethane is obtained instead of the amin. For example,

3 “0

CH,—NH, «2_ & . 1, NH—b—ocH
ey N —] [—
Hs 2" " kom CHy—C 2 "CH3ONa-CH30H CHy SR

Methy! N-methyl carbamate
(A urethane)

The methyl N-methyl carbamate is actually formed by addition of CH;OH to methyl isocyanate formed

as an intermediate in the above reaction. '
CH;—N=C=0+CH;OH—> CH3——NH—COOCH3
Methyl isocyanate Methyl N-methylcarbamate

Stereochemistry. Although in the above mechanism, it has been shown that step 3 involving the loss
of Br~ to form acylnitrene (II) and step 4 involving the rearrangement of group R from carbon 1o electron-
deficient N-atom occur separately, no evidence is yet available to suggest the formation of acylnitrenes as
intermediates in these feactions. Therefore, it is suggested that both these steps occur simultancously as
depicted below :

Methylamine Acetamide

(o} ;
g o

In other words, Hofmann bromomide is an intramolecular rearrangement in which the migrating
group shifts from carbon to nitrogen with refention of configuration. This is supported by the observation
that optically active amide (IV) gives optically active amine (V) with retention of configuration.

C¢HsCH, (|)| CHsCH,
—C—nNH, 2K, —NH
HY/ H>Y/ ;
H,C H,C
(S)-2-Benzylpropanamide (IV) (S)-1-Phenyl-2-propanamine (V)

57JSEPARATION OF PRIMARY, SECONDARY AND TERTIARY AMINES

Certain methods of preparation of amines such as lysis of alkyl halides gives a mixture of
primary (1°) secondary (2°) and tertiary amines (3°) and quaternary ammonium salts. In order to separate
such a mixture into individual components, it is first distilled with KOH when quaternary ammonium salt
being non-volatile remains behind while the mixture of amines distils over. The mixture of amines thus
obtained is then separated by the following methods.

1. Fractional distillation. A mixture of 1° 2° and 3° amines can be separated into individual components
by fractional distillation since their boiling points are fairly apart. For example,

CH,CH,NH, (CH,CH,),NH (CH,CH,),N
1° Amine (290K) 2° Amine (329K) 3° Amine (371K)

This is the most satisfactory method and is now used industrially because of the availability of highly
officient fractionating columns which can separate a mixture of amines even if their boiling are quite €105

a
14

i VN
AMINES

2. Hinsherg’s l{cthod
H ! —Reactii
scParaung ture of 1° 2° and gt:on
with bcnchcsulphonyl chloride (Hinsh
KOH solution when the three amine

am\;;:Rh bcnze.ne!ulphunyl chloride. This is an excellent method for
e :s’ In tlu; mzl.h:d, a mixture of 1° 2°and 3° amines is ireated
eagent) and the resulting reaction mixture is basified wi

s react differently as discussed below : T

(i) A primary amine Sorms N-alkylb I ’ N
hydrogen on the N-atom dissolves in KOH. 3 i of the p of an geldie
i : 0
flromits ks
O 128 @y (O e
0 1°Amine  —HCI | (-H0)
0 H o
Bcnu‘:ncsulphonyl chloride N-Alkylbenzenesulphonamide Potassium salt
(Hinsberg s reagent) (soluble in KOH)

(ii) A secondary amine forms N, N-dialkylbenzenesulphonamide which due to the absence of acidic
hydrogen on N-atom does not dissolve in KOH.

o o
Il R | -- ~R
O+ 1ot = O
R -HC I R
[0} 2° Amine 0
Benzenesulphonyl chloride N, N-Dialkylbenzenesulphonamide
(Insotuble in KOH)

(iii) The tertiary amine under these conditions does not react at all since it does not contain a
replaceable hydrogen on the nitrogen atom.

The reaction mixture obtaincd after treatment with benzenesulphonyl chloride in presence qf alkah is
distilled when tertiary amine distils over. The remaining mixture is filtered and lh_e filtrate on audi.ﬁcauor‘l,
gives the sulphonamide of 1° amine while the solid residue left on the ﬁlller paper is tm.: sulpponamldc of 2
ides thus isolated are hydrolysed separately cither by refluxing with 70% H,SO,

ine. The two sulphonami . !
2?;;;» HCl to fonlx)l the corresponding amine hydrochlorides from which the amines are regenerated on

treatment with NaOH solution.
0]

(o}
“ Il
@—#_N_RH»IZO —’l:i @-ﬁ_m; + RNHHCl
|
O H (o] ¢ )
N.Alkylbcnzenesulphenam.ide Benzenesulphonic acid t°Amine hydrochloride
RNH,.HCI + NaOH —> RNH, + NaCl + H,0

1°Amine
o} . o e
Il 25% HCI Il S NELHCI
— Biddeni —OH + .HCL
Oyt T O w7
0 R 0 ol
N, N-Dialkylb id B Jphonic acid  2°Amine hydrochloride
R,NHHCI + NaOH —> RNH + NaCl + H,0
2°Amine

nesulphonyl chloride (tosy chloridf) smcc

Recently benzenesulphonyl chloride is replaced by p-tolue:
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CH,CH, + HCl
cH(O)—so,ar + HNCHCH, — CH3@'501W ,CHy

p-Toluenesulphonyl chloride Ethylamine NeEthyl-p-tolucnesulphonamide
(Tosyl chloride) . . e A
the substituted sulphonamides thus formed are stable solids which canbe BflSlly l"““ﬁ‘:d byvlc“ s}all;muun_
Unfortunately, the Hinsberg s method is not suitable for higher primary amines, i.e. n-heptylamine because
their 1} yl )} ides are insoluble in alkali.
3. Hofmann’s method—Rcaction with diethyl oxalate. In this method, a mixture of 1° 2° and 3°
amines is treated with diethyl oxalate when the three amines react differently as discussed below:

(i) The primary amine forms the corrcsponding substituted oxamide which is usually a crystalline
solid.

cofoei, T conm

| + — | + 2C,H,OH
codocH,  u R CONHR Gl
Dicthyloxalate  1° Amine Substituted oxamide (solid)

(2 molecules)

o + n]_mz2 CO—NR,
| — |
COOC,H, coocu, * CHOH
Diethyl oxalate N, N-Dialkyl oxamic
ester (liquid)
(iif) The tertiary amine under these conditions does not react at all since it does not contain a replaceable
hydrogen atom.

The reaction mixture ining the substi ide, oxamic ester and i i

T r i , th unreacted tertiary amine
is distilled when the tertiary amine distils over. The residual mixture containing the substituted Ig’xzxmit:le
(solid) and thg oxamic ester (I_lquid) is separated by simple filtration. Both the oxamide and the oxamic
ester when boiled scparately with a strong base, regenerate the corresponding amines. Thus. :

clomm s COOK
+ 2KOH — | —]

CONHR cook 21',{ sz
Substituted oxamide Pot. oxalate e

CONI v2xon A (I:OOK

— + R)NH +
COOC,Hy COOK ;{1 Ami GH,oH
Oxamic ester Pot. oxalate e

8/PHYSICAL PROPERTIES OF AMINES

Some important physical propertics of amines are discussed below :

1 (?n!onr and odour. Pure amines are almost colourless but d

S evelop colour on keeping in ai
S duc . especially aromatic amines ity opsping in air for long

. o N 4 al idi A A
f\?l?\i:e:g'dauo" rl).'ﬂd,“ds Lower aliphatic amincs are gases and sméll I:crcadlly o iodsed tn air to form
u“g e :;s a,eb 1q1;:ds with fishy odours. Lower aromatic amines arcr{' much llkc.zlmmonin but the
unp ours but the higher ones are low melting solids which 1 wquids having characteristic
in general, are toxic. arealmost odourless, Aromatic amines
117 . . !

2, Boiling points. Amines have hj

lin gher boiling points than hyg
masses. This is duc to the reason that amines being polar, form in,tcnnolecu'l:rul: b ;! wr
! ~bonds (except tertiary

ORGANT
S CHEMISTRYV.OL]
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amines which do not have hydrogen atoms linked to the nitrogen atom) as shown below and thus exist as
associated molccules.

R R R

...... H—P‘JH—ILH——I’L (where R is any alkyl or aryl group)
| | |
H H H

The degree of association, however, dépends upon the extent of H- bonding. Since 1° amines hfrve wo.
2° amines have one while 3° amines have no hydrogen linked to nitrogen. therefore, among isomeric
amines, /° amines have the highest, while 3° amines have the lowest boiling point. For example,

Compound Molar mass b.p. (K)
1-C HyNH, 73 3508
(C;Hg),NH 73 3293
C,H{N(CHy), 73 3105
CH,(CH,);CH, 72 3090
C,H,CH(CH,), 72 300-8

Further, since the electronegativity of nitrogen is lower than that of oxygen. therefore, amines form
weaker H-bonds as compared to alcohols and carboxylic acids. As a result, amines are not associated to
the extent of alcohols and carboxylic acids and hence the boiling points of amines are lower than those of
alcohols and carboxylic acids of parable molecular masses. For ple, ethylamine (mol. mass 45)
boils at 292 K while ethyl alcohol (mol. mass 46) and formic acid (mol. mass 46) boil at 351 Kand 374K
respectively.

Compound Molar mass b.p. (K)
C,H,NH, 45 292
C;Hy a4 231
C,H,OH 46 351
HCOOH 46 374

3. Solubility. All the three classes of aliphatic amines (1°, 2° and 3°) form H-bonds with water. As a
result, lower aliphatic amines are soluble in water.

R
...... H o H......
N
...... H—N....H H....N—H.
| |
R R

Methylamine and ethylamine are gases but they are highly soluble i
in the market as their 34% aqueous solutions. However, gs l};\c sizccolfxll‘;:‘:‘l'i:)-"’l‘ml ‘zw‘::cmjmysge(:::.:
increase in molecular mass), the solubility decreases due 10 a cor ding i gmmpl hyd b
part (hydrophobic part) of the molecule. The borderline solubility is reached amin about si
carbon atoms in the molecul v i i e b vl oy
e e. However, amines are quite soluble in organic solvents such as benzene,

'AMINES @
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i r hydrocari
Aromatic amines, on the other hand. are insoluble inwater: This is due to f:’l-' h”’g\im’::‘rdHoch:on pum
which tends to retard the formation of H-bonds Thus, aniline ts almost insoluble in d er, it is
quite soluble in benzene, ether, alcohol cte.

EQ'QEBASICITY OF AMINES

Like ammenia. all the three classes of amines contain a pair ofungl\umd clcclmns}{o.n the m}mg"-n
atom. Therefore. they have a strong tendency to donate this electron pair 1o 2 proton (H") or any other
electron deficient species. As a result. all the three classes of amines. like ammonia, are basic in nature.

The basiaty of an amine can be casily expressad either in terms of its basicity constant (K;) or pK,, value.

Basicity constant (K,). When an amune is dissolved or suspended in water. the following equilibrium
is established.

RNH, + H,0 — RNH; +OH
The equilibrium constant for this reaction is
K [RNH,] [OH]
7 [RNH,] [H,0]

Since water is present in large excess, its concentration is taken to be constant. Rewritting the above
expression. we have,

K, [H.O]=K, = L e
852 8 [RNH, |

This new equilibrium constant. K, which gives a measure of the extent to which an amine accepts a
proton from water 1s called the basicity constant. In other words, K, is the index of the basicity of an
amine. The greater the numerical value of K, the stronger is the amine.

pK‘ values. Since lk_x: values of K, vary by many orders of magnitude, it is more convenient to express
the basicity of an amine in terms of 1ts pK, value re. negative logarithm of K,

FK;=-logK,
Evidently, smaller the numerical value of pK, more basic is the amine.
The K, and pK; values of some amines are given in Table 9.1.

TABLE 9.1. K, and pK, values of some Amines

AMINE Ky PK, AMINE K, PKy
NH, 18 = 10-: 475 (CH,CH,),N 56 x 1074 325
CH,NH, 45x10* | 338 C¢H NH, 42x1010 | 938
(CH;),NH 54 =107 | 327 C(H;NHCH, 50 x 10-10 9-30
CH
(CHy,N 0610 | 42 cH~L 2
o -5 <1071 | 8
\CH3 92
CH,;CH,NH, 51 =10 | 329

CH—NH—CH, | 71 %104 | 1315

CH,CH,),NH
(CH,CH,), C¢Hs—CH,NH, 2:0 % 1073 470

10-0 < 107* | 3-00

2.9.1. STRUCTURE-BASICITY RELATIONSHIP OF AMINES
From Table 9.1, the following conclusions can be drawn -

(i) All classes of aliphatic amines are stronger bases than ammonia (pK, = 475,
b= )

T SReANIE SIS 5
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(1) Aromatic amines are much weaker bases than ammoma.

(iit) Mixed secondary and tertiary amines are slightly more basic than purely aromatic amines. For
example, N-methylaniline and N, N-dimethyvlaniline are stronger bases than amline or diphenylamine.

Let us now discuss the effect of structure on the basicity of aliphatic and aromatic amines.

1. Basicity of Aliphatic Amines

As stated above all the three classes of alipkatic amines are stronger bases than ammonia Thisis dne

1o the reason that alky! groups are electron-donating groups. As a result. the electron density on the nitrogen
atom increases and thus they can donate the lone pair of electrmns more easily than ammon:a.

H—N—H R >N

R >—N—H R—N—R
| |- | A
H H T :
R R
Ammonia 1* Amine 2° Amine 3* Amme

Thus, the basicity of amines should decrease in the order -
3° amine > 2° amine > [°amine > NH;

However. it has been found that in aqueons solutions, 27 amunes are invanably found to be stronger
bases than 1° amines while 3° amines are found to be weaker bases than 2° amunes and sometimes even
weaker than 1° amines. The actual basicrty order cf methyl and ethylamunes is as under .

Basicity order : (CHy),NH > CH;NH, > (CH, ;N > NHy

: (CH;CH,),NH > (CH;CH ;N > CH,CH,NH, > NH;

The reason why the actual order is different from the cxpectzd order can be explained as follows

The basicity of an amine in aqueous solution primarily depends upon the stability of the ammonium
cation or the conjugate ccid formed by accepting a proton from water. The stadility of the ammonmm
Sation. in turn. depends upon a combination of the following thres factors

@~ [-Effect of the alivi groups.

(i§) Extent of H-bonding with water molecules.

(iif) Steric effects of the alivd groups.

Let us now discuss these factors one by onc As the number of alky! groups increases, the dispersal of
the +ve charge on the ammonium cation by the + I-cffect of the alkyl groups mersases accordingly. Thes,
on the basis of + I-effect alone, the basictv of amines shou!d decrease in the order

3% amune > 2% amuine > |7 amme

“The stability of the ammomium cation due to H-bonding depends upon the mumber of H-atoms present
on the N-atom. Obviously, greater the number of H-atoms on N-atom, mere stable is the ammomnm cation.
Thus, the ammonium cation denved from a 1° amine 1s the most stadle since 1t has three fl-gloms which
can form H- bonds with H,0 the ammoninm caton-derved from the 2° amune ts less stable since o has
nwo H-atoms while that of the 3° amunes 1s the least siable since it has only ane H-atom which can form H-
bonds with H,0 as shown below

l>|{ . OH,
R—NH, + H — —*N—H ___ OH,
. |
1° Azune H._  OH,
(Mast szable)

OINES D
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...... OH
. R\]:J/H 2
SR R NH....OH,
¥ Amine (Less stable)
.
R,N+H' & Ry,N—H...... OH,
3° Amine (Less stable)

However, in casc of ammonium cation derived from tertiary amincs, there is some steric repulsion to
H-bonding and hence stability further decreascs. Thus, on the basis of H-bonding and steric factors, the
basicity of amincs should decreasc in the order :

1° amine > 2° amine > 3° amine.

From the above discussion, we may conclude that if is @ combination of + I-effect of the alkyl groups,
H-bonding and steric factors which determine the stability of the ammonium cations in solution. All these
three factors are favourable for 2° amines and hence 2° amines are the strongest bases. 1f the alkyl group is
small, i.e., CH, then there is no steric hindrance to H-bonding. In other words, the stability due to hydrogen
bonding predominates over the stability due to + I-effect the CI1; group and hence 1°amine, i.e., CH;NH,
is a stronger base than 3° amine, i.e., (CHj;);N. In other words, the overall decreasing strength of
methylamincs is (CH; ),NH > CH ;NH, > (CH; ) 3N.

If, however, the alkyl group is bigger than CH, group, i.¢., ethyl, propyl etc. there will be some steric
hindrance to H-bonding. As a result, stability due to + 1-efTect predominates over the stability duc to H-
bonding and hence 3° amines become more basic than 1° amines, In other words, the overall decreasing
strength of ethylamines follows the sequence :

(CH,CH,),NH > (CH,CH,);N > CH,CH,NH,

Itis interesting to note that in gas phase or in non-aqucous solvents such as chlorobenzene elc., the
solvation effects, i.e., the stabilization of the conjugate acid due to H-bonding are absent and hence in
these media the basicity of amines depends only on the + I-cffect of the alkyl groups. Thus, the basicity of
1°, 2° and 3° amines in the gas phase or in non-aqucous solvents follows the order :

3° Amine > 2° Amine > 1°Amine > NH,
IL Basicity of Ararkylamines

Aralkylamines (ArCH,NH,) are essentially aryl substituted alkylamines. Due o the electron
wilhdrm.vmgAmduclwe effect (or —I-effect) g[l.h@aglgr‘og_p, the unshared electron pair of nitrogen in
these amines is less casily available (than in alkylamines) for sharing with a proton. As a result, simple
aralkylamines are weaker bases than alkylamines. For example, ' a rend, smpe

CgHgCH,NH, CH;NH,
PK, =470 PKy =336
Further as the distance between the aryl group and the ami i
and hence the basicity increases accordingly. For examplc, e e The St ey tbotions
C4HSCH,CH,CH,NH, > C,H,CH,CH,NH, > CgHyCH,NH,
-Phenyl-n-propyl B-Phenyl i Benzylami

II1. Basicity of Aromatic amines
Aromatic amines are far less basic than ammo,

follows : nia and aliphatic amines, This may be explained as
(1) Due 1o resonance in aniline. Aniline ma
structures : ¥ be regarded as a resonance hydrid of the following

D
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NH, ‘NH, I:IH, ﬁH, NH,
©~@~@~ﬁwﬁ
I Il v v

I

As a result of resonance, the lone pair of clectrons on the nitrogen atom gets delocalized over the
benzene ring and thus is less easily available for protonation. Therefore, aromatic amines are weaker bases
than ammonia.

(i) Lower stability of anilinium ion than aniline. If we compare the relative stabilities of aniline and
the anilinium ion, which aniline forms by accepting a proton, we find that whereas aniline is a resonance
hybrid of five structure, i.e. I—V, anilinium ion is a resonance hybrid of only two structures, i.e. Vi .and
VII. Structures analogous to [II, IV and V arc not possible in this case due to localization of the lone pair of
electrons on nitrogen because of the formation of an additional nitrogen-hydrogen bond.

+ 5
NH, NH;
@ = @
VI Vil

In other words, aniline is more stable than anilinium ion. Hence, aniline has very litde l:ndenq to
combine with a proton to form anilinium ijon. On the other hand. in case of ammonia and aliphatic amines,
delocalization of the lone pair of electrons on the nitrogen atom by resonance is not possible. Furthermore,
the electron density on the nitrogen atom is increased by electron-donating inductive effect of the alkyl
groups. As a result, ammonia and aliphatic amines are much stronger bases than aniline and other aromatic
amines.

Effect of substituents on the basicity of aromatic amines.

Let us now discuss the effect of substituents on the basicity of aromatic amines.

(i) Effect of substitucnts on the nitrogen atom. When the hydrogen atoms of the amino group in
primary arylamines (AINH,) are replaced by electron donating alkyl groups, the basicity of the resultant
inei For

ar ple, N-methylaniline and N, N-dimethylaniline are stronger bases than aniline.
J
CgHsNH, CgHsNHCH; CeHN(CHy),
7K, 9-38 9-15 892

Conversely, if the hydrogen atoms of the afnir{o group are replaced by electron \\imdx:;\\ing groups,
the basicity decreases. For example, diphenylamine is a much weaker base than aniline and triphenylamine
is too weak a base to measure its pK,.

C6H,NH2 (C¢Hg),NH (CeHg):N

Ky 938 132 _

(ii) Effect of nuclear substituents on the basicity of arylamines

Table 9.2 lists the basicitics of some substituted anilines.

'AMINES {3433
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m < for ine =9-38.
TABLE 9.2. Basicitics of some substituted anilines, pKy, for aniline =93

bl { o -
Substituent K, Substituent K, Substitucnt Py
o-CH, 962 m-CH, 9:33 pCHy 9:00
0-OCH, 9:51 m-OCH, 980 p-OCH, S
0-NH, 052 m-NH, 900 p-NH, 786
0-OH 928 m-OH 983 p-ou §:50
0-NO, 1428 m-NO, 1155 p-NO; 1302
oCl 1330 m-Cl 11-52 p-Cl 10-00

From the above table following points emerge :

(i) Electron-donating substituents tend to increase and electron withdrawing substituents tend to
decrease the basicity of anilines and arviamines.

(1) The base-weakening effect of the electron withdrawing sub s and base str
of the electron donating substituents is more marked at p-positions than at m-positions.

(i) o-Substiture

igthening effect

anilines are usually weaker bases than aniline regardless of the nature (electron
withdrawing) of the substitsent. This is called ortho-effect and is probably due to a
: T

nd electronic factors.

—_
Explanation. Electron-donating substituents (e.g. -CH;. ~OH, -NH,, -OCHj etc.) tend to increase
the electron density on the nitrogen atom. As a result, the lone pair of electrons on the nitrogen atom is
mere casily available for protonation. At the same time, electron-donating substituents tend to disperse the
pasitive charge of the substituted anilinium ion and thus increase their stability relative to the parent

amines. The combined effect 1s that electron-donating substituents increase the basicity of aromatic amines
relative to the parent amine.

NH; NH,
+H _
EDG
EDG dogazss electroes. mcreases the elestron e

deamity on N-stom. increases the basicin

EDG dmz?l:_s electrons, stabilizes the substituted

- an:licium ion, increases the basicity

The base strengthening effect of the electron-donating substituents i ;

E the. 0 : is more pronounced at ition
than at m-position. For ctrapzplclp-anmdme (PK; =8-71) is more basic than m-anisidine @K, = gjgg)st‘};e
reason bang that in p-anisidine, one of the resonance structures i.e. (1), carries the negative ::h:n'gc 0}1 the
m to which the amino group 1s attached. This structure dir i the eleZu-o density on th
nitrogen atom but no such resenance structure is possible for the m. ——csy o e

TNH; NH, NH
2
— (?, — ) —
l |
<OCH. ~OCH -
L P e [/ Ochs *OCH,
R = .

HEMISTRY, VoL i}

=1

A

_—

NH,

NH, NH, NH,
Py W Lh— O
QCHj3 OCH, OCH, + NOCH,

Resonance structures of m-anisidine ’
In ather words, p-methoxy group increases the electron density more on the nitrogen atom than the m-
mcthoxy group. Therefore, p-anisidine is a stromger base IR m-anisidine.
1t may be noted here that groups like OCH;, OH ctc. have both electron-withdrawing inductive effect
(I-effect) and clectron-donating reaonsnace (+ R—effect). When such a group in present at p-position +R-

effect outweights the ~I-eflect and thus the overall effect is electron denating. s a result, p-methoxy-
aniline is a stronger base than aniline. ’

However. when -OCH; group is present at m-position, it can exert only -I-cffect since resonance
effect docs not operate at m-position. This decreases the clectron density on nitrogen atom and hence -
methoxyaniline is a weaker base than aniline

+

Conversely, the electron withdrawing substitucnts (e.g.. -NO,, -CL —NR 5-—COOH ctc) tend to
decrease the electron density on the nitrogen atom. As a result. the lone pair of electrons on the nitrogen
atom becomes less casily available for protonation and the basicity decreases. At the same time, electron-
withdrawing substituents tend to intensify the positive charge of the substituted amlinwum ion and thus
decrease their stability relative to the parent amines. The combined effect is that electron-withdrawing
substituents decrease the basicity of aromatic amines relanive to the parent amines.

NH, NH,

EWG EWG
EWG withdraws clectrons, decreases clestron EWG withdraws electrons, destablizes the
density on N-atom, decreases busicity anilinium jon, decreases the bascity
Here again. the base weakening effect of the el ithdrawing subx 1s more marked at p-
position tham at m-position. For example, pﬂmlim (PK, = 13-02) is 2 weaker base than m-nitreaniline
(PK,, = 11°55). The reason being that in p-nitreaniline, one of the resonating structures. e.g . (ID). s
the negative charge on the carbon to which -§02 group is attached. This structure directly decreases the
electron density on the nitrogen atom by pushing the electrons from the —NH, group to the —NO, group

:NH, NH; NH, N, \H,
03— (p— Q) —-(2- O
N N ! N
P oo 7N o° o” o
u m

Resonance structures of p-nitroaniline
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+
4+ N NH,. -
:NH, NH, NHy 2
-
— - 0 =0
E j o o [‘ l 7 ij\N/
Z @ z N
. 1:]\ ]:]\0_ Py \O' + \0_

o-
Resonance structures of m-nitroanilinc

-nitroaniline. In other words, p-nitro group

'm is possible for the m ; tro gre
et oo ety e, G ¥ -nitro group. Therefore p-nitroaniline is a

decreases the clectron density on nitrogen more than the m
weaker base than m-nitroaniline.

In the light of the above discussion, basicity of o-, m-, and p-toluidines relative to aniline decreases in 4
the order :
NH, NH, NH, NH,
S CH;
O -0, O - '
CH,3 T
m-Toluidine Aniline o-Toluidine )
CH; (PKp=9-33) (pKp = 9:38) (PKp =9:62) o0 L“-} o
p-Toluidine k> 2 5
(7K =90) > seen

Similarly, the basicity of o-, m-, and p-nitroanilines relative to aniline decreases in the order :

NH, NH, NH,
NO, ;

Aniline m-Nitroaniline o-Nitroaniline
(PKp=938) (PKp = 11-55) NO2 (PKj = 14-28)
p-Nitroaniline
(PKp = 13-02)

Steric effects. Since a proton occupies a very small volume, therefore, steric effects do not have any
significant effect on proton-transfer reactions. However, steric effects may indirectly affect the base strength
by interfering in resonance stabilization. Since for resonance to occur, it is essential that all the atoms must
lie in a plane, therefore, any factor which prevents atoms from assuming coplanarity reduces resonance and
thus influences the availability of clectrons on the nitrogen atom. For ple, steric inhibiti of
increases the base strength of N, N, 2, 6-tetramethylaniline (1I) relative to N, N-dimethylaniline ’(I) This is
because the bulky o-methyl groups in amine (I1) push the N-methyl groups out of phchol‘thc belwe.ne ring.
As a result, 111;:‘p<orbilal on N containing the lone pair of electrons is no longer parallel to p—oArbimls Of
b ring. ly is ted and hence | i in ami i

not contributed towards the benzene ringrlo the same extent aso?: :::;nzr(cll)cc'l[’rl?:rscl%:'c}qllli‘ dlmmc (Iilr) :Iasf
clectrons on N in amine (I1) is more easily available for Pprotonation than in anllin 1)z  one an Pa )
g sirorgen have thart caniis (7, e (I) and hence antine (11)

D R T SR G RN IS CHEMI S TRV VO L)

NH,
NO,
> Medsﬂ)'f‘da')

paryarth?

S G N0
g . g
I st
H,C~_.. _CH. @ .
NN N
HyC CH

3 @ ‘ @
II P
On similar lines, we can explain that N, N-dimethylpicramide (IV) is a stronger base than picramide

am.
H ONFO)
ST
—
'f‘oz -o-N~o-
Picramide (Il1)
S oo
ON NO, @ ‘ @
o ottt
oob M}Ng NO, o
(Wt~ N, N-Dimethylpicramide (IV) o

go.!CHEMICAL PROPERTIES OF AMINES

The chemical properties of amines largely depend upon the presence of lone pairs of electrons on the
nitrogen atom. Some important properties of amines arc discussed below

1. Basic character. As discussed above all the three classes of amines (1°, 2° and 3°) because of the
presence of a lone pair of clectrons on the nitrogen atom behave as bases. Their basic character is shown by
the following reactions.

(i) Reaction with water. Duc to the presence of a lone pair of electrons on the N-atom, amines like
NH, are ger bases than H,0. T' fore, they react with water to form alkyl or arylammenium hydroxides
which ionize to furnish hydroxyl ions :

AMINES (2473
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N +
RNH,+H,0 = RNHOH = RNH; + OH™
rmm‘: ’ Allnlamm. hvdrowde
(¢f NH, + H0 = NH,OH== NH} +OH™)
Due to the formation of hydroxide ions. the aqueous solutions of amines are basic in nulun.-: o
The presence of the hydroxide ions in the aqueous solutions o_r amines is del_eclct.i by lhc pmﬂp'ltmlon
of metal hydroxides such as i hydroxide (ge/ white ppt.) or ferric hydroxide (brown ppt.)
when AICI; or FeCl, is added to their aqueous solutions.

AICl, + 30HF — Al(OH); + 3Cr
) Gelatinous white ppL.

FeCl, + 30H" —>  Fe(OH); +3Cr
Brown ppt.

(ii) Reaction with acids. Being basic. all types of amines react with mineral acids such as HCL,
HNO,. H.S0, etc. to form soluble salts.

5
RNH, + HO —> RNH;CI”
1°Amine Alkylammonium chloride

+
2R,NH+HSO, —>  [R,NH,],S0%"
2° Amine Dialkylammonium sulphate
RN + HNO; —> R;NH*NOj
3° Amine Trialkylammonium nitrate

For example,
£
CH;CH,NH, + HCl — [CH;CH,NH;]CI

Ethylamine Ethylammonium chloride

+
(CH;),;NH + HNO, — [(CH,),NH,] NO3

Dimethylamine Dimethylammonium nitrate
+ -
CH,NH, + HCl —>  [CHgNH;]CL
Aniline Anilinium chloride

C¢HN(CH;);, + CH;COOH — [CH;NH(CH,),]"OCOCH,
N, N-Dimethylaniline N, N-Dimethylanilinium acetate
These amine salls are ionic comp ds. They are latile solids and generally decompose before
their melting points are reached. They are soluble in water but are insoluble in J: ol Ivents such as
benzene, chloroform, ct_her_zlc. In contrast, higher amines are generally insoluble in water but are soluble
in organic solvents. This difference in solubility behaviour of amines and their salts is often used to detect
amines and separate (or purify) them from non-basic compounds.

Further, amines react with chloroplatinic acid (H,P1Clg) to form insoluble salts called ch/ I

I SR CARNIC CHEMISTRY, VOLII]
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BT

IRNH, + HPICl, — (RNH,),PICE-
Chloroplatinat 5
shaaa) plalinates of amines arz used for the determination of equivalent and molecular masses of

‘2: Rca:uon_ with meta ions. Like ammonia, amines also form soluble coorditnation complexes with
transition metal ions such as Ag*. Cu?" jons etc. Thus, sitver chioride di i )
due to the formation of a soluble complex salt as shown below -
ABC + 2CHNH, —  [CH,NH,—» Ag «— NH,CH;]" CT" or [Ag(CH;NH,),J"CT”
Silver chloride  Methylamine Bis(metbylamme silver (1) chloride (Soluble)
(Insoluble)
(of: AgCl+ 2 NH, — [Ag(NH,),I" CI)

Similarly like ammonia, amines snch as methylamine, ethylamine etc. react with Cu?” jons to forma
deep blue solution due to the formation of the following soluble coordination complex.

in methy

NH:C}l, .i:’
CuCl, + 4CH,NH, —— H,CH,N —Cu « NH,CH,
- -~

)
NH,CH,

Methylamine Tetrakis(methylsmine Jcopper (11) chionde
(Soluble)
CuSO, + 4 CH;CH,NH, —  [Cu(CH;CH,NH,),]** SO~
Y is(cthyl eopper (1) suiphate

(Soluble)
(¢f- CuCl, + 4 NH; —> [Ca(NH;),J*" (CT))
3. Alkylation. Both aliphatic and ic primary dary and tertiary amines react with alkyl
halides to form secondary and tertiary amines and quaternary ammenium salts respectively.

+RX +RX +RX +
RNH, ___>_"x RNH S RN —— RNX™
1° Amine 2 Amine 3* Amine Quaternary amem. halide

This process of introducing an alkyl group into any molecule is called alkylation. In case of amines
alkylation occurs through nucleophulic substitution reactions on alkyl halides.

This process of convernag an amine (1% 2% or 3% 1o its q y sait on
with excess of an alkvl halide is called exhausnc aikylatuon. However, if the alkvl halide used is methyl
iodide, the process is commonly known as exthaustive methy lation.
4. Acylation—Reaction with acid chlorides and acid anhydrides. Primary and secondary amincs
(but not tertiary amines because they do not contan a H-atom on the N-atom) undergo nucleophilic acylation
reactions when treated with acid chlorides or aaid anhydndes o0 form N-substinted amides. Thus,
% i
It |
R'—C—Cl + RNH, — R'—C—NHR + HQ
Acid chloride  1° Amine N-Substituted amide

o
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| Il
R’—|C—Cl + RNH —> R'—C—] R, * HCl
de
Acid chloride 2° Amine N, N-Disubstituted ami » ) .
Unlike alkylation reactions of amines, the amides formed here do not n:nlcl [\:T‘zl;;fir o‘:lo‘; ;‘l;nilncnil;:ﬂ-ez_
anhydrides because the amide is non-basic and a poor nucleophile due to delocali
clectrons on the carbonyl group. Thus,

B
e é
ar
R—NX-C—R —
|
H H
Acylation with aliphatic acid chlorides and anhydrides is usually carricd out in presence of pyridine.

e i
Pyridine
CH,—g_a +H1N—© L, CH,—C—NH-—@'f HCI

Acetyl chloride Aniline Acctanilide
However with aromatic acid chlorides, acylation is usually carried out in presence of aqueous NaOH

+ |
R—N=C—R
|

solution
o] o
Il
O ot ) 2 @t <Dy
Aniline Benzoyl chloride Benzanilide

This ion is called Schotten-B reaction

The process of acylation is often used for identification of aliphatic and aromatic 1° and 2° amines.
This is because acyl derivatives particularly acetyl or benzoyl derivatives of these amines are generally
crystalline solids having sharp melting points.

S. Reaction with nitrous acid. Primary, sccondary and tertiary amines react differently with nitrous

acid. Since nitrous acid is unstable, it is prepared in situ by the action of difute hydrochloric acid on sodium
nitrite

() Primary amines

(i) Aromatic primary amines react with nitrous acid at 273-278 K (0-5°C) to form arencdiazonium
salts. Thus,

NaNO, + HCl —> HNO, + NaCl

273-278K *
@—NH1 + HNO, + HOl 28K, ©_N=Ncr +2H,0

Anilino Benzencdinzonium chloride

This reaction of converting aromatic primary amines into diazonium salts by treatment with a cold
(273-278 K) solution of nitrous acid is called diazotisation.

(i) Primary aliphatic amines also react With cold nitrous acid to Yyield diazonium saits. But aliphatic

diazonium salts are unsl?blc cven in the cold (273-278 K) and decompose as soon as they are formed 1o give a
complex mixture consisting of alcohols, alkenes, alkyl halides with the quantitative evolution of N, gas.

D

NaNO, /11c1 + Decomposes
? T [R=N=NCIF) ———— N, + Alcohols + Alkenes + Alkyl halides
1° Amine iy
Dinzonium salt
(unstable even in the cold)

~Tl.lc quantitative cvo}ulion of N, in this reaction forms the basis of Van Slyke method for cstimation
of primary amino groups in amino acids and protcins.

Smce_nc ogher class of amines liberates N, gas on treatment with HNO,, this reaction Is used as a test
Jor aliphatic primary amines,

(b) Secondary amines. Both aliphatic and

Nehitros " A e dary amins react with nitrous acid to give
-nitrosoamines which being insoluble in dilute mineral acids separatc out as yellow oily compounds :

R,NH + HONO — R,N—N=0 + H,0

2° Amine N-Nitrosodialkylamine (yellow ofl)
(|3HJ CH,
|
NH + HONO — N—N=0 + H,0

N-Methylaniline N-Nitroso-N-methylaniline (vellow oil)
These N-nitrosoamines on warming with a crystal of phenol and a few drops of conc. H,SO, form a
green solution which when made alkaline with aqueous NaOH, turns deep blue and then red on dilution.
This reaction is called Licbermann’s nitroso reaction and is used as a test for secondary amines.

(¢) Aromatic tertiary amines undergo electrophilic itution with ion at p-position of
the phenyl ring to form green-coloured p-nitro. ines. For p
<|:1-13 CH,
Hel |
CH,—N—©+ HONO T CH;—N— N=0 + H)

N, N-Dimcthylaniline p-Nitroso-N, N-dimethylaniline (green)
Mechanism. Protonation of nitrous acid followed by loss of water generates nitrosonium ion which
attacks the benzene ring at the less hindered p-position to afford the product as shown below :

P H ﬂ
H—0—N=0 + I = >Q—N=0——> H0 + N=0

Nitrosonium ion

H
:N(CH,), N(CHyH, N(CHy),
+ ltl=0 —_— Qé R ©
H-~Z“No

. N=0

It may be emphasized here that as compared to electrophilic species involved in hal

sulphonation etc., nitrosonium ion is a very weak electrophile and thus reacts only with aromatic compounds
containing strongly activating groups such as dialky ino (-NR,) and hyd; (~OH) groups.
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" other hand, react w us acid to form water soluble nitrite
ary amines, on the d i d I
t with nitrous acl

salts

+
R,N + HONO — Ry NHNO3
Trinlkylammonium mtnte

3° Amine ‘ o
composc to yicld N-nitroso derivative of the

sccondary amine alongwith
Somctimes these amine salts det

an aldehyde or a ketone.

r ketone

ous acid can be used for the

termine whether the amine is

Ry I:JHN()E — R;N—N=0+ Aldchyde o
Thus, it is cvident from the above discussion that reaction with mitre
distinction of 19 2° and 3° amines and in some cases, it is also possible to de
aliphatic or aromatic.
6, Carbylamine reaction or Isocyanide test. Both aliphatic .?nd f
\\'ur'x'ncd with -chlomform and an alcoholic solution of KOH produce isocyant
have very unpleasant odours.

aromatic primary amines when
des or carbylamines which

R—NH, + CHCl; + 3KOH (alc) _% L, R—NZC+ IKC 4+ IHO

Alkyl isocyunide or
Alkyl carbylamine
aromatic) do not give this test Therefore,

1° Amine Chloroform

In contrast, sccondary and tertiary amines (both aliphatic and
this test is used 1o distinguish primary amines from secondary and tertiary amines.
Mechanism. This reaction is believed to occur through intermediate formation of dichlorocarbene as

shown below :

no! PLtcl, — Tcoy — 00 + O
2 Dichlorocarbene

H H H

| /1 [, .Aa N " H
R—N:4-CCl, —> RSNLC< — r—NtcLl —— rRN-= c<

| | c ] - () a

H  Electrophile H H Cl H
1° Amine

&4 H + +
_— R—@C/ RN R—NE&H@ R—N=C:~ +H,0
-ut DC' -ar-
Carbylamine

7. Reaction with carbon disulphide. (a) With aliphatic amines. When warmed with carbon disulphide,

aliphatic primary amines form dithioalkylcarbamic acids which decompose on heating with mercuric chloride

to give alkyl isothiocyanates having a characteristic smell like that of mustard oil. For example,

S
Warm Il HeClh
RNH, + §=C=S —— RNH—C—SH —— R—N=C=§ + HgS + 2HCl
1 Amine Carbon disulphide Dithioalkyl- Alkyl isothiocyanate
carbamic acid

This reaction is called Hofmann mustard oil reaction and is used as a test for primary amines.

98 | SR G ANIC CHEMISTRY, VLI

Mechanism. This reaction is beli
of HyS ction is belicved to oceur through nuclcophilic attack on C = S followed by loss

R—N’IIZ\+‘C/S P 951[ 1Cly
\S \S le;) R—N=C=S§
Alkyl isothiocyanate
(h) With aromatic o, P N
example, when anili fannes, A’F’”‘“"C primary amines, however, react in a slightly differnt manner. For
d X 1 aniline is heated with ethanolic CS,, and solid KOH, it gives N, N'-diphenylthiourea which

upon treatment with conc. HCI gives phenyl isothiocyanate.

CGH,—NH—I'—H— =1 . ﬁ

ety u + SPC=8+2KOH ——> CHy—NH—C—NH—CgHy + K;S + 2H,0
Adline, = N, N-Diphenylthiourca
conc. 11Cl

+
CHg—N=C=8 + CiHgNH,CI™
hiocy Aniline hy hlord

N, N-Diphenylthiourea (or thiocarbanilide or sym-diphenylthiourca) is used as an accelerator during
vulcanization of rubber.

Phenyl is

BReaction with aldchydes and ketones. Primary amines (both aliphatic and aromatic) react with
aldehydes and ketoncs in presence of a trace of an acid as catalyst to produce azomethines called Schiff's

bases or anils.
s or e .

ul
RNH, + 0 = CHR —C, RN=CHR + H,0

1° Amine Aldehyde Schill™s base or Anil

cg CHCH=0 + HN—CHy —, CI,CH=NCH, + H,0
Benzaldehyde Aniline Benzylideneaniline
Sccondary amines also react with aldehydes and ketones containing a-hydrogen atom/s to form first
carbinolamines which being unstable readily lose a molecule of H;0 to form stable enamines. Thus,

o OH
I Collg, PTS | -0 AR
R—CH,—C—R’' +R;NH ——— R—Cl-lz—(l?—R’ = R—CH= C\NR
Aldchyde or ketone  2° Amine NRZ Enamine 2
(R = 1] or alkyl) Carbinolamine
(unstabley

9. Acidic nature. Although amines are essentially basic in nature, primary and secondary amines (but
not tertiary amines since they do not a hydrogen present on nitrogen atom) can also act as weak acids when
treated with strong bases such as sodium metal, n-butyllithium etc.

MNH, + MNa —2  RNHNa' + H,

1° Amine Sodium alkyl amide
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(CH3)2CH\N-U+ + CHjg

(Cl-l:)zcﬂ\NH % CH3CH1CH%‘(,:H2L‘ (CHy CH
(CH3),CH BT Lithium diisovropylﬂ'"id‘:r (}I;IEAI)V oo hindered
i i ; i s such as THE. ILis 100 1 ere
I.)mpmpﬁm-“ " . rful base. It gissolves in OF olv emsﬂmIcss S ey e
D o exocfdmgl) e pll\;lilc addition reactions, but is neve
to add to the carbonyl groy] a

at 199K
Primary and secondary amines (butnot &
nitrogen atom) also react with Grignard reagen
group of the Grignard reagent.
Dry ether X
' —H + Mg(NHR)

R—NH, + R _MgX — R

1° Amine Alkane )
idati i i i ing upon the nature of amine and
10. Oxidation. Oxidation of amines gIves different products depending Upo s OO0,

p in nuclco
contain a hydrogen on the

. : {hey do not )
crtiary amines “ﬁ:ﬁmﬂxmes corresponding to the alkyl

ts (strong bases

the oxidising agent. The oxidising agents which are commonly used are H,0,, P

Caro’s acid (H,S0;) ete.
(/) Primary aliphatic amin:
shown below :
10 {ol [0
R—N=0 2, RNO,

o
R—NH, — RNHOH ——
~H0

s undergo oxidation to nitro compounds through a sequence of reactions

Nitro compound

Nitroso compound
ry carbon can be oxidised with

1° Amine Hydmxylaminc
Primary amines inl which the —NH, group is attached to 2 tertia
KMnO, to the corresponding nitro compound in excellent yield

CH, CH,
| KMnOy4 |
CH;—C—NH, ——— CH,—C—NO,
| |

CH,

CH,
2-Methyl-2-propanamine 2-Methyl-2-nitropropane (83%)

(i7) Secondary aliphatic amines on oxidation with KMnO, give tetra-alkylhydrazines.

KMnO,
ZBQNH _— R,N—NR, + H,0
2° Amine Tetralkylhydrazine

With Caro’s acid or Hy0,, 2° aliphatic amines, however, give the corresponding N-hydroxylamines

HyS0s or H
T Qi hulicac G S VA

e N-tydrowylamine

(iif) Tertiary aliphatic amines are not oxidised by KMnO, but are oxidised 1o the d
corresponding

amine N-oxides by Caro’s acid, ozone or H,0,.

RCOO]
RyN + [0] —»HMHZ%MHZSOS RN O
3° Amine
3° Amine-N-oxide
. 8 Sk e o YV OI
ASHEMISTRY, VOL:i1Li

gh clectron-density on the

A i :
romatic amines, on the other hand, because of the presence of hi,
the formation of oomplm(

ring are easily oxidi A
products, Fory exan:;le:, on exposure to air or oxidising agents Icading to
Aniline + : i
Contrditl edK"(?r“lq? + H,S0, —> A black dye called aniline black .
oxidation of aniline with K,Cr,0, + H,SO,, however, gives p—benzoquinon:

©_N“z S N, 0=©=o

11, K1 Bilic Aniline p-Benzoquinone ey
AL philic substitution " iti i i otp a1
simineslso . reac In addition to the reactions of the amino group, ar
the NHL, or “"de:')%ﬂ typical electrophilic substitution reactions of the aromatic ring. In all thﬁe’réa
- electronslofu ﬂthle Nii:‘z group strongly activates the aromatic ring through delocalization of the 101
o il o om Wﬂ” the aromatic ring (refer to structures 1-V on page 343).. ..

the -NH, grou; ;::‘cftzﬂ ugeflslty increases more at o- and p-positions as compared to m-posi\iohs_.'lﬁ
gl he incoming group to o- and p-positions, i.e., ~NH, is an o=, p—dimciiﬁéj
reactions readily ::5 :C'vall!;;_lg effect of the ~-NH, group, aromatic amines undergo zlechophilicélibq
o togive2 46 is icult to stop the reaction at the monosubstitution stage. Usually the 1
subceedssﬁrution react.i;n; .-t:;subsututsd amines. The high reactivity of aromatic amines towards detj
e carboca(ils ue to the cht that, in addition to the usual resonating structures that stabi i
pair of Sloétioes ﬂ:m, the following resonance structures (1 and 1T) formed by the interaction of
increase the stabili ‘;_'t‘;luogen atom with the positively charged carbon atom of the ring also
ty of the carbocation intermediate formed during attack of the Br* ion at o

positions respectively.
:NH, ngz '
Br Br
1

o-Bromination :
:NH, NH,

p-Bromination :

H Br H Br
un

+

However, i a itution i 3
& ¢ ! I product is required. unt
p;ra:;u:eir:up is freduced by acetylation. The acetyl grel‘x‘: bein:;loerc‘:;::‘fi‘:;:;a‘h? activati
e ons o ll{e N-atom towards itself. As a result, the activating effe by
5 ra,e.of;fbmglhqd is known as P_mﬁtec%'n_oflhz amino group by acetyl g'.c ect of the amir
stitution and to prevent the formation of di- and tri subsgn:’n" sgsibanld=
x 3 on products.

:0 =

/\ ||D 0F
H—N2C—CH; «— R ol e
3

! 1

—————
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ns of aromatic amines are discussed below :

ili itution reactio : o e
‘- Some typical electrophilic subsumu:naczjv-ning effect of the amino group, halogenation of amingg
: X i .
(/) Halogenation. Due to the stro!

o en in the absenice of a catalyst, Fop
el st and the halo; ¢ ! o .
:;:;rzl‘é l-zi,nizliim: on treatment with bromine-water gives 2, : .
; NH NH,
2 Br Br

Hy0 + 3 HBr
+ 3Br, ——

Aniline )
2,4, 6-Tribomoaniline
the amino group is first acetylated and then

If however, a monohalogenated derivative is required, scety] proup is removed by hydrolysis and

halogenation of the ring is carried out. After halogenation, the
the monohal d amine is ob d

NHCOCH
NHCOCH; NHCOCH3 3

NH.
: Br
(CH3C0),0 Bry 4
— —
—CH3COOH CH;COOH

Acetanilid o-Bromoacetanilide
Aniline cetanilide

Br (minor)
p-Bromoacetanilide
(major)
H*M,0 (Hydrolysis)
(-CH,COOH)

NH, :
@E(Br

NH,
g
o-Bromoaniline
Br (minor)
p-Bromoaniline
(major)

(ii) Nitration. Nitric acid is not only a nitrating agent but also acts as a strong oxidizing agent. As a
result, direct nitration of aromatic amines is not a useful reaction since it often gives tarry oxidation products
along with some nitration products. However, under controlled conditions, nitration of aniline gives a
mixture of p-nitroaniline and m-nitroaniline in approx. 1 : 1 ratio.

NH, NH, NH, NH,
Conc. HNO4 5 ‘ ) NO,
Conc. HySOy4, 293 K : +
Aniline . - NO, e
NOZ m-Nitroaniline 47%) o-Nitroaniline (2%)

p-Nitroaniline (51%)

-
E
#

The reason for formatj,

auon of larger amnoyng of nnexpected m-nitroaniline is that under strongly acidic

conditions of nitratign, most of the 5

roup, therefore, an g niline is converted into anilinium jon and since ,—TGH‘a is am-directing
Therefore, to avoig t:m"'dly large amount of m-nitroaniline is obtained. - SLET
1o first protect the ating g:::: P;oblems, the most convenient method to carry out the nitration of anifine is
mixture of o- and p_notmam“t’msy'awtyht{un4 The acetyl group is finally removed by hydrolysis to give a
NH 3 Kl 2y
? NHCOCH, NHCOCH,  NHCOCH,
Conc. HNO. i £
(CH3C0),0 % Cons 3 Ke ETE A NO,
— . H 80,
~CH3COOH —wr— +
iling Acetanilide o-Nitroacetanilide .
NO, (minor product)
p-Nitroacctanilide p g
(major product) v
NH, I NH
+
H*/H0 NO,
"CH,COOH * S&ia ;
oNitroaniline
NO. - (minor product)
p-Nitroaniline
(major product) i
(iii) Sulph ion. In spite of the p of activating amino group, sulphonation of aromatic amines

occurs only under drastic conditions. For example, when aniline is treated with conc. H,S0,at455475K,
it gives p-aminobenzenesulphonic acid also called Iphanilic acid. This i

is believed to occur
through the amine salt as depicted below : 4ot
+
NH, NH3yHSO3 NH, " NH,
455475 K
+H,80, —> — — @
Aniline Aniline hydrogen
sulphate SOs SOH
Sulphanilic-acid

(Zwitterion) ¢

Sulphanilic acid contains both an acidic (SO,H) as well as a basic (NH,) group. It is, therefore, quite
understandable that sulphanilic acid exists as an internal salt. During the formation of this salt, the NH,
group has accepted the proton donated by the SO,H group. Such types of internal salts are called dipolar
ions or zwitterions. Due to zwitterion character, sulphanilic acid has high melting point and is practically
insoluble in water and organic solvents. ‘

Sulphanilic acid is an important intermediate in the manufacture of dyes and drugs. Sulphanilic acid
and its derivatives are also used in the manufacture of well-known sulpha drugs such as sulphathiazole,
sulphadiazine, sulphapyridine etc. which are widely used against bacterial infections. ui
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