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Chemistry of amines:
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amines: if R = alkyl, aliphatic amines, if R = aryl, aromatic amines

Introduction:

Amines are derivatives of ammonia in which one or more of the protons 'T' 'T' 'T' '3
i No NL N. N.
have been replaced with alkyl or aryl groups. H - H HR RCR RCR
Amines are classified as primary, secondary, or tertiary, ammonia primary amine  secondary amine tertiary amine
depending on the number of groups attached to the nitrogen atom. (1°) (2°) (39
Note that these terms have a different meaning than when they were used in naming alcohols.
A tertiary alcohol has three groups attached to the a-carbon, H><H R){' R)<R
while a tertiary amine has three groups attached to the nitrogen atom. R™ “OH R™ “OH R~ TOH
primary alcohol secondary alcohol tertiary alcohol
(1°) (2°) (3%
Amines are abundant in nature. Naturally occurring amines O O\Me Me_
isolated from plants are called alkaloids. Below are examples N N
of several alkaloids that have garnered public awareness as Me— 0
. . . - N~
a result of their physiological activity: I
0 =
Cocaine Nicotine

Morphine

( a potent analgesic isolated
from the unripe seeds of the
poppy plant Papaver somniferum)

( An addictive and toxic

( A potent stimulant X
compound found in tobacco)

isolated from the seeds
of the coca plant

Many amines also play vital roles in neurochemistry (chemistry taking place in the brain). Below are a few examples:

OH H

N.
Me

OH H
N.

HO
Hw

HO

HO

Noradrenaline
(regulates heart rate and
dilates air passage)

HO

Adrenaline
(a fight-or-flight hormone)

Dopamine
(regulates motor skills
and emotions)




Chemistry of amines:

Structure and property:

The nitrogen atom of an amine is typically sp3 hybridized, with the lone pair occupying an sp3-hybridized orbital.

Consider trimethylamine as an example (shown below). The nitrogen atom exhibits trigonal pyramidal geometry, with bond angles of 108°.
The C-N bond lengths are 147 pm, which is shorter than the average C-C bond of an alkane (153 pm) and longer than the average C-O bond

of an alcohol (143 pm).

sp? orbital carrying the
@ / lone pair of electrons

N"I
~N\//CH
H Ny
sC YCH,
Ha
. . . PION
Primary and secondary amines can form intermolecular H bonds H3C CH,
and typically have higher boiling points than analogous alkanes
but lower boiling points than analogous alcohols. propane
boiling point (°C): -42
H\N/H
H2 ,/’// \QHZ
_C. .H
HsC '}l CH3
H
The boiling point of amines increases as a function of their H>
capacity to form hydrogen bonds. Asa result, primary amines H?’C\C/C\NH
typically have higher boiling points;.while tertiary amines have H, 2
lower boiling points. This trend.can-be observed by comparing lami
the physical properties of the following three constitutional isomers: propylamine
boiling point (°C): 50
H H
NS
HsC gz H’/ %
NASE N, - H C\
*TSCTTN ¥ CHj
H, |l|

H,
_C.
HsC™~ NH,

ethylamine

17

ethylmethylamine

34

Ho

/C\
HsC™~ “OH

ethanol

78
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trimethylamine

3




Chemistry of amines:

Basicity:

One of the most important properties of amines is their basicity. Amines are generally stronger bases than alcohols or ethers, and they can be effectively

protonated even by weak acids.

rMe 5 rMe O@
H
LN - Me N PN
Me N: + H N~
~~ W \O Me @W (0] Me
Me Me
pK, 4.76 pK, 10.76
stronger acid weaker acid

In this example, triethylamine is protonated using acetic acid.
Compare the pKj values of acetic acid (4.76) and the ammonium ion (10.76).

Recall that the equilibrium will favour the weaker acid.
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®
H-A(agq.) + H,O () H30 (aq.) +
acid HA ® o
[H3O 1A ]
Keq.= e
[H-A] [H20]

H021x [AC]

Ka = Keq. [H20] =
[HA]

pK, = - log K,

lower the pKj,, stronger is the acid

©

A (aq.)
conjugate
base of HA

In this case, the ammonium ion is six orders of magnitude weaker than acetic acid, and therefore, the amine will exist almost completely in protonated form

(one in every million molecules will be in the neutral form).

This example illustrates how the basicity of an amine can be quantified by measuring the pK, of the corresponding ammonium ion.

A high pKj indicates that the amine is strongly basic, while a low pKj, indicates that the amine is only weakly basic.

The following table shows pKj, values for the ammonium ions of many amines.

Amine pK, of ammonium-ion Amine oK, of ammonium ion Amine oK., of ammonium ion
H ®f H ®, Me ®H
Me—N: Me—N—H '« pK;=10.6 Me—N: Me—N—H pK, = 10.7 Me—N: Me—N-Me pK,=9.8
H H Me Me Me
methylamine dimethylamine trimethylamine
/H @/H ’H @’ /Et @/H
Et—N: Et—N—-H pK;=10.6 Et—N\: Et—N\—H pK, = 11.0 Et—N\: Et—N\—Et pK, = 10.8
H H Et Et Et
ethylamine diethylamine triethylamine




Chemistry of amines:

Basicity:

One of the most important properties of amines is their basicity. Amines are generally stronger bases than alcohols or ethers, and they can be effectively
protonated even by weak acids.

. & e &

—— Me._ NZ lower the pK,, stronger is the acid
Me\/ W + H o M \/@W 19 Me PR, g
e
Me U Me
pK, 4.76 pK, 10.76
stronger acid weaker acid
Aliphatic amines:
Amine pKa of ammonium ion Amine pK, of ammonium ion Amine pK, of ammonium ion
H H H H Me H
/ @/ /. @/ . @/
Me—N: Me—N-H PKs=10.6 Me—N: Me—N—H PKa=10.7 Me—N: Me—N-Me PKa=9.8
H H Me Me Me Me
methylamine dimethylamine trimethylamine
H ®H H ®H FEt oH
Et—N: Et—N—-H pK,=10.6 Et—N: Et—N-H PKy=11.0 Et—N: Et—N-Et PKa=10.8
H H Et Et Et Et
ethylamine

diethylamine triethylamine

Aromatic amines: The ammonium ions of most alkyl amines

are characterized by a pKj, value between
Amine pK, of ammonium ion Amine pK, of ammonium ion 10 and 11,
H ®H Me @ Me Ammonium ions of aryl amines are more
QN\: QN‘_H pK,=4.6 @—N:: QN’_H pK, = 5.1 acidic (lower pKj,) than the ammonium ion
H H Me Me of alkyl amines.
aniline

N,N-dimethylaniline

H ®H
N: N-H pK,=4.8
Me Me

N-methylaniline
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Chemistry of amines: Page 5
Basicity:

Aliphatic amines:

Amine pK, of ammonium ion Amine pK, of ammonium ion Amine pK, of ammonium ion
H @H H @H e @H

Me—N" Me—N—H pK,=10.6 Me—N; Me—N-H PpK; =107 Me=N: Me—N-Me PK;=9.8
H H Me Me Me Me

methylamine trimethylamine

Aromatic amines:

H H /H @H ,Me @}Me
! Me Me Me Me
aniline N-methylaniline N,N-dimethylaniline
The ammonium ions of most alkyl amines are characterized by a pK, value .between 10 and 11,
Ammonium ions of aryl amines are more acidic (lower pK,) than the ammonium ion of alkyl amines.

In other words, aryl amines are less basic than alkylamines. This.can be rationalized by considering the delocalized nature of the lone pair of an aryl amine:

Hoees H® H ®
N)H N H.-H
@ —
&
Ho:H HOH

The lone pair occupies a p orbital’and is delocalized by the aromatic system. N N—H no |.p. of e available on N atom
This resonance stabilization is lost if the lone pair is protonated, and as a result, ® - no resonance with ring,

the nitrogen atom of an aryl amine is less basic than the nitrogen atom of an H - I.p. donation more difficult

alkyl amine.

The other way to consider this is to imagine the less availability of I.p. of an aryl amine as result of the sonjugation with the benzene ring. This is absent for
alkyl amines and thus, the l.p. is more available for protonation in case of alkyl amines, leading to the higher basicity.




Chemistry of amines:

Basicity:

H\..j_|
N

H®

_H

H.O_H

The lone pair occupies a p orbital and is delocalized by the aromatic system. This resonance stabilization is lost if the lone pair is protonated, and as a
result, the nitrogen atom of an aryl amine is less basic than the nitrogen atom of an alkyl amine.

If the aromatic ring bears a substituent, the basicity of the amino group will depend on the identity of the substituent.

Increasing basicity

para-Substituted aniline

H

HEN"</ \> NE
— H

H
MeOAQNJ;
H

H
Me@m
H

7N\
\_,>_ X,

W H
7N
Cr—c’\ N:
\:n" H

H

S
NCQN:
!

H

- H

:_: H

Ammonium ion

T
HEN—Q—TLH

H

I
MeOAQ—ITIiH

H

/ T

— H

A
e

—/]

T I
Ci=—! Y, IT.I—H

 — H

|

— H

H

pK; = 6.2

pK; = 5.3

pK; = 5.1

pK;=4.6

pK; = 4.0

pKy = 1.7

pK; = 1.0

Kipioe Buisealau|

Electron-donating groups, such as methoxy, slightly increase the basicity
of aryl amines, while electron-withdrawing groups, such as nitro, can
significantly decrease the basicity of aryl amines.

This profound effect is attributed to the fact that the lone pair
in para-nitroaniline is extensively delocalized:

Therefore, this lone pair is much less available for protonation,
leading to weaker basicity of the nitroaniline.

For ERGs like methoxy, the ring is already e-rich:

H H
I, |

/@/N.\H ,-/N:\H
Me .- ‘ Y @
D 8
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Chemistry of amines: Page 7

Preparation of amines:

i) Alkylation of ammonia and its modification: Gabriel's phthalimide synthesis:

Ammonia is a very good nucleophile and will readily undergo alkylation when treated with an alkyl halide.

—_ H
s ~.
H o~ [y H N—H CH,
/7 HC—I <l H /
H—M: B H—MN—CHj, H—M:
k) = K
H H 'Ie H
Ammonia A primary amine

This reaction proceeds via an Sy2 process followed by deprotonation to give a primary amine. As‘the primary amine is formed, it can undergo further
alkylation to produce a secondary amine, which undergoes further alkylation to produce a'tertiary amine. Finally, the tertiary amine undergoes alkylation
one more time to produce a quaternary ammonium salt.

— H
. H"" TNiN—H If the quaternary ammonium salt is the desired product,
FH;,J' H.C— | H FH3 then an excess of the alkyl halide is used, and ammonia
H—MN:— S H—*NIECHQ H—N—__ is said to undergo exhaustive alkylation. However,
\H | CH., monoalkylation is difficult to achieve because each
CHy o 3 N . . ;
) ) I ) successive alkylation renders the nitrogen atom more
A primary amine A secondary amine / nucleophilic.
YoMy
JVHSC T If the primary amine is the desired product, then the process
H is generally not efficient because when 1 mol of ammonia is
CH, . ./'\H;,E H_NE,..- — CH, Lrstaatﬁde;wth 1 mol of the alkyl halide, a mixture of products is
e | . I'—CH3 - : H \, I"‘-v| .
3C I~|la CH; + —}N—CH:,, H—rTJETEH:,
CH; Ie H5C CH; Ie For this reason, the alkylation of ammonia is only useful when
A tertiary amine the starting alkyl halide is inexpensive and the desired product
A quaternary can be easily separated or when exhaustive alkylation is

ammonium sait performed to yield the quaternary ammonium salt.




Chemistry of amines:

Preparation of amines:

i) Alkylation of ammonia and its modification: Gabriel's phthalimide synthesis:

The Gabriel synthesis is one method for preparing primary amines 0
while avoiding formation of secondary and tertiary amines. .
7SN KOH
The key reagent is potassium phthalimide, which is prepared by L /N_H -
treating phthalimide with potassium hydroxide. s 1,@
0
Phthalimide

Hydroxide functions as a base and deprotonates phthalimide.

||ID
ﬂ T Nj:e K®
HHJ;’;"”'E-WII{

o

Potassium phthalimide

o 0
The proton is relatively acidic (pK,=8.3), because it is flanked - N .
by two C=0 groups. e N A I i L
| L N_j'é KW BEX N“R
Potassium phthalimide can function as a nucleophile and is T~ ".:*/ “w/’f\-&
readily alkylated to form a C-N bond: o} 0

Potassium phthalimide

This reaction proceeds via an Sy2 process, so it works best with primary alkyl halides. It can be performed with secondary alkyl halides in many cases,
but tertiary alkyl halides cannot be used. For tertiary halides, E2 elimination takes place and an alkene forms.
Acid-catalyzed or base-catalyzed hydrolysis needs to be performed to release the amine from the phthalimide derivarive.

Acidic conditions are more common than basic conditions. Under acidic conditions, an ammonium ion is generated, which must be treated with a base
to release the uncharged amine.

EP
A Ao "
% L) \Lry
NN | .
- ﬁ T— ", _.f'f
R~ F".,< o CO,H H
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Chemistry of amines:

Preparation of amines:

ii) From a carboxylic acid amide:

Amines can be prepared from carboxylic acids ”
using the following approach: P IE"DH

The carboxylic acid is first converted into an amide, which is then reduced to give an amine. This approach foriinstallation of an amino group does not

1) SOCL, “ 1) x5 LiAlH,
2xsNHy <7 T S Snl,  20HO -

involve introduction or removal of any additional carbon atoms; that is, the carbon skeleton is not changed.

However, one can choose to synthesise a primary amine that will contain one carbon less than the parent amide, through the reaction known as

Hofmann amide degradation:

o NaOH, Br,

2-
- /\/\/NHZ + COj

/\/\)J\NH

hexanamide

2

pentan-1-amine

The amide carbon is lost as carbon dioxide which is trapped in the alkaline reaction medium as the carbonate.

iii) Reduction of nitro compounds: Way to access aromatic amines:

Aryl amines, such as aniline, can be prepared from benzene e
using the following approach:
"'\-\.,\_\_'_':-""'-'

The first step involves nitration of the aromatic ring, and the second step
involves reduction of the nitro group. Several reagents can be used to
accomplish this reduction, including hydrogenation in the presence of a
catalyst or reduction with iron, zinc, tin, or tin(ll) chloride (SnCl,) in the
presence of aqueous acid. The latter method is a milder approach that
is used when other functional groups are present that would otherwise
be susceptible to hydrogenation. For example, a nitro group can be
selectively reduced in the presence of a carbonyl group:

When reducing a nitro group in acidic conditions, the reaction must be followed up with a base, such as sodium hydroxide, because the resulting amino group

will be protonated under acidic conditions.

* P

H2
1 / i \. THZ
o gt N
HMNO, f|‘ e e
HzS0 = e
= 1) Fe, Zn, Sn, or SnCl, e
H,O" /
2) MaOH
O
.
P -
ﬂ =" H 1) SnCl,, HyO* T h
M 2) NaOH Al
DEN e T HEN - e

" “NH,
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Chemistry of amines:

Reactions of amines:

Reaction with HNO, - distinction between three classes of amines:

A) Primary amines:

When a primary amine is treated with sodium nitrite and HCI, the reaction produces a

H
[’
diazonium salt (azo indicates a nitrogen atom, diazo indicates two nitrogen atoms, H_NJ m F{—EEN C|e
and diazonium indicates two nitrogen atoms with a positive charge). HH HCI

A diazonium salt

This process is called diazotization and is believed to proceed via the following mechanism. The amine functions as a nucleophile and attacks a
nitrosonium ion, which was generated in situ from sodium nitrite and HCI. Several proton transfers follow, and the last step involves loss of water
to generate the diazonium salt.

Nucleophilic attack

H
/
<y .. H—.N\
I\-l-_ N - . —
HCI 0o 0 H
NEINDZ _ = |||5 P ] | B
Mechanism N oN . )
-y . @& A primary amine
: attacks a
Nitrosonium nitrosonium ion
ion
Proton transfer
Loss of a
leaving group H *l*
\ @ [-'r_} ) //
@® -H,0 O % H
A—N=—N: —7——+ - ¥ /~
N=N,
Water is expelled / . The oxygen atom is
as a leaving group,

ierating a

:1,."._,, lium ion

pr J[nl tﬂd 1ﬁ “lrr an

Proton transfer

oF o H O:-
&1| A T N/ \
N x N—N. |
The resulting R |
H“‘" ammaonium ion |
is deprotonated |
/’J Proton
|'||_ transfer
L2
%0
H H e ar ot
Proton transfer The oxygen atom

is protonated
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Chemistry of amines:

Reactions of amines:
Reaction with HNO, - distinction between three classes of amines:

A) Primary amines (contd.):

Page 11

When the R group of the primary amine is an alkyl group as opposed to an aryl group, then the resulting diazonium:salt is highly unstable and is too reactive
to be isolated. It can spontaneously liberate nitrogen gas to form a carbocation, which then reacts in a variety of ways.

For example, the carbocation can be captured by water to form an alcohol or it can lose a proton to form an alkene. The reaction generates a mixture of
products and is therefore not useful. In addition, the process is also dangerous, because the expulsion of nitrogen gas can be an explosive process.

H>0
H -H
NaNO,, HCI ® -N ® -H®
“"ONH, AN C|@ 2 /\)\H H - ~ E
n-butylamine N pl;'mart}’ o®
carbocation
e (S
(from HCI used
to generate HNO,)
5 /\( (S1)
i -H @ ANF
[1,2]-H shift ® -H .\ E1)
Wagner-Meerwein /\H( N
rearrangement secondary CI@
SN
carbocation /\CI( S

If, however, the primary amine.is an aryl amine, then the resulting aryldiazonium CIE'
salt is stable enough to be useful. It does not liberate nitrogen gas, because that —\ _,H NaNO N ® i
would involve formation of a-high-energy aryl cation. 4\ —N TIEJ’ {:}\ —N=N —K— E

Mk ? i W i l‘-:\ L

" H . S

Aryldiazonium salts are extremely useful, because the diazonium group can be
readily replaced with a number of other groups that are otherwise difficult to
install on an aromatic ring. Reactions of aryldiazonium salts will be discussed later.

A phenyl carb

An aryldiazonium salt
(stabilized)

ocation




Chemistry of amines: Page 12

Reactions of amines:
Reaction with HNO, - distinction between three classes of amines:

B) Secondary amines: Secondary amines react with nitrous acid to form N-nitrosamines which have oil-like appearance and are steam-volatile.

This, on Liebermann's nitroso test responds favourably.

warmed with a crystal of
phenol and a few drops

R
H HNO, I of conc. H,SO,4 )
N, —=» __N__.O > green solution
R R R N~
secondary amine N-nitrosamine made alkaline with
+ H,0 aq. NaOH

deep blue solution

It is important to note that secondary amines do not liberate nitrogen gas when treated with nitrous acid but forms yellow oil which is strongly indicative
of the presence of such amines; this can be confirmed the colour reaction mentioned above.

C) Tertiary amines:

Upon reacting with nitrous acid, tertiary amines neither liberate any nitrogen gas, nor do they separate any oil.
They dissolve in the aqueous reaction medium forming nitrite salts.

R R R

| HNO \ o
N, —2> ON_, NO,
R "R R™ "H

tertiary amine nitrite salts
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Chemistry of amines: age
Reactions of amines:

Schotten-Baumann Reaction:

Reaction of a primary or secondary amine with an acid chloride in presence of a base to yield an amide derivative is known as the Schotten-Baumann reaction.
This is a nucleophilic acyl substitution where the chloride is exchanged with -NHR or -RN, group.

Q NaOH i
H. .H a
N _ /R
R1)J\CI * \ R1)J\'T' * oA
. _ R H (consumed
acid chloride amide by base)

The reaction can be done with aliphatic as well as aromatic amines, and with alcohols (ROH) and phenols (Ar-OH), where the final product is an alkyl or a

phenyl ester (R{COR or R{COAr). A two-phase solvent system is often used, toenable the acid generated during the reaction to be neutralised by the
aqueous base, while the starting materials and products remain in the organic phase.

Example: benzoylation of aromatic primary amines,:

(0] Cl NH,
NaOH H
+ N + NaCl + H,0
shaken
O

benzoyl chloride aniline

N-phenylbenzamide
i.e. benzanilide

0<._Cl NH,
NaOH H
N Br
. — - \©/ + NaCl + H,0
Br shaken 0O

benzoyl chloride  3-bromoaniline

3'-bromobenzanilide




Chemistry of amines:

Reactions of aryldiazonium salts:

Page 14

=]
Cl
In the previous section, we saw that aryl amines can be converted =" ,H NaNO SN @
into aryl diazonium salts upon treatment with nitrous acid. 4‘ N — 77— N=N
\ r? \H HCI \;b /
An aryldiazonium salt
(stabilized)
NH N
As mentioned earlier, this reaction is extremely useful, because many TS 2 NaNO. o g e X
different reagents will replace the diazo group, allowing for a simple | le’ | h — ﬂ
procedure for installing a wide variety of groups on an aromatic ring: e o N

In this section, we will explore some of the groups that can be installed on anraromatic ring using this procedure.

Sandmeyer reactions:

The Sandmeyer reactions utilize copper salts (CuX) < \)—EEN
and enable the installation of a halogen or a cyano .
group on an aromatic ring: _______,----"' s -~ '“-—--______h__

Notice the installation of a cyano group. Recall that a cyano group

o

can be hydrolyzed in aqueous acid or base, which provides a method ,f—“\ — —
for installing a carboxylic acid group on'an aromatic ring. £ Br cl . I
A N\ / N
T ~ T~
T l‘x ==
ﬂ 1) HNOs, HyS0, | L ‘ L | If one wants to make benzoic acid through this method,
— 2) Fe, HyO" ; 2) HyO*, heat iline.
ey 3 NaDI-? “Y 3 o one would have to start from aniline
4) NaNQ,, HCI =
Nz Cl COOH




Chemistry of amines:
Reactions of aryldiazonium salts:

Other substitution reactions of aryldiazonium salts:

i) Synthesis of phenols: When an aryldiazonium salt is heated in the presence of water,
the diazo group is replaced with a hydroxyl group.

This procedure is very useful, because there are not many other ways
to install an OH group on an aromatic ring. An example of this process

is shown below.

i) Replacing diazo group with H: When treated with hypophosphorus acid-(H3PO,),
the diazo group of an aryldiazonium salt is replaced with a hydrogen atom:

This reaction can be useful for manipulating the directing effects of a substituted aromatic ring.
For example, consider the following synthesis of 1,3,5-tribromobenzene:

NH;
1) HNO;, A
/;{;H\“ H.S0, P i« Br,
. ! T2)Fe n0° .
=" 3)NaOH =

1) HNO,, H,S0,

2) Fe, HyO*
3) NaOH
4) NaNO,, HCI

1) NaNG., Br. 2 fE!r
HCI \‘-" 1
2) HyPO, S
Br

The amino group is first installed, its activating and directing effects are exploited, and then it is completely removed. The product of this sequence
cannot be easily prepared from benzene via successive halogenation reactions because halogens are ortho-para directors.
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Chemistry of amines: g

Reactions of aryldiazonium salts:

® © ®0
Other substitution reactions of aryldiazonium salts: NH» N, ClI N» Fa P
ag. NaNO,,
iii) Synthesis of nitrobenzene from benzenediazonium salt: M HBF, Cu powder, heat
aniline benzenediazonium benzenediazonium nitrobenzene
chloride fluoroborate
Nitrobenzene and its reduction:

s o _-NOy

When benzene is treated with a mixture of nitric acid and sulfuric acid, a nitration reaction occurs = HMNO, = g

in which nitrobenzene is formed. | H.50 |
%:La” o ‘% -

This reaction proceeds via an electrophilic aromatic substitution in which a nitronium ion

(NO,™) is believed to be the electrophile.

This strong electrophile is formed from the acid-base reaction that takes place between HNO3; and H,SO,4

Nitric acid functions as a base to accept a proton from sulfuric.acid, followed by loss of water to produce a nitronium ion.
It might seem strange that nitric acid functions as a base rather than an acid, but remember that acidity is relative.
Sulfuric acid is a much stronger acid than nitric acid, and it will protonate nitric acid when mixed together.

The resulting nitronium ion then serves as an electrophile in an electrophilic aromatic substitution reaction.

.'ﬁ'.
0 /_,-"‘ H_:G_S_{]_H 0 ‘0
I ! ,ﬁl | X -H,0 I
@ nw E e . - 6.';__:’.—-"_2!: ‘M":fé.--' H N$
07 ¥ OH ‘0 Yo Il
H 1

Nitronium lon




Chemistry of amines:

Nitrobenzene and its reduction:

Page 17

The generation of nitronium ion and consequent nitration of benzene to nitrobenzene:

H

functions as a nucleophile,
forming an intermediate
sigma complex

Nucleophilic attack

.'ﬁ,‘.
.D" /H_Lo_ﬁ_b_H -(|:||- .Dt.
I 0 ~H,0 I
N_ | - L olvN. A _H N&®
& @ ™ 6H 107 @ tog I
- ;1| LO:

Nitronium ion

Proton transfer NO,

HKO/H
T In the second step,
J the sigma complex
@ H H H is deprotonated,
® @

restoring aromaticity
Sigma complex

ALY

N
/
| o7 @
In the first step, -
the aromatic ring

Aromaticity of the benzene ring is lost on introduction of the elecrophile (here, nitronium ion). Loss of proton from the carbon attached to the electrophile
restores the aromaticity - the cyclic arrangement of 6 n-electrons,




Chemistry of amines: Page 18

Reduction of nitrobenzene:

Reduction of nitro group is very important in organic synthesis. By the reduction of nitro compounds under different conditions, we may obtain a variety of
products which can be manipulated further. Let us take a close look at the following series of reactions:

i) Under acid condition: aniline is formed, as discussed earlier: @NO _Zn,HCl @
2
or Sn HCI

nitrobenzene heat aniline

N . . L o OH
ii) Under neutral (actually slightly acidic) condition: phenylhydroxylamine is the end product; @ _Zn,NH,Cl @N/H

this is what you do in the Mulliken-Barker's test in your qualitative analysis: aq. EtOH. heat

nitrobenzene N-phenylhydroxylamine

iii) Under alkaline condition: a variety of products are formed, depending upon the exact reagent used:

Q
Na3zAsO3;, NaOH (I)
or DN,
glucose, NaOH ©/ N

azoxy benzene

we
SnCl,, NaOH N
S =

(E)-1,2-diphenyldiazene
/ azobenzene

1 )
Zn, NaOH g ©/ N
H

1,2-diphenylhydrazine
/ hydrazobenzene

nitrobenzene
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