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Organonitrogen Chemistry age

Diazotization of primary aromatic amines: A versatile way to functionalize the aromatic ring:

Reduction of nitro compounds in strongly acidic medium affords aromatic primary amines, a versatile application of which in organic synthesis is through
the formation of diazonium salt. When a primary aromatic amine is treated with nitrous acid under cold solution, the product is a relatively "unstable"
compound known as a diazonium salt:

NO NH @N/’/N CI@
N 2 reduction | o 2 NaNO,, HCI A
| — |
A F P 0-5°C S F
aromatic nitro aromatic primary amine aromatic diazonium salt

The formation of a diazonium compound by reaction of sodium nitrite, an inorganic acid (usually HCI) and a primary aromatic amine, in ice-cold solution,
is known as diazotization.

H@ &) ® .. Several factors, including the acidity of the solution, affect the rate law of diazotization.
HO—NO H,O0-NO =————— H,0 + N=0
N O __N. In weakly-aqueous acid solutions (and in more strongly acid solutions), the RDS is
L@o/ S0 L (O] nitrosation of the free amine.
O\\N /O\N/,O O\\N/O\N/’O The effective nitrosation agent is probably not HNO, itself.
@ ® H, H At relatively low acidity it is thought to be N,O3, while as the acidity is increased, a
. H,O—NO or NO _N. fast N0 more effective species, protonated nitrous acid, and finally the nitrosonium ion starts
Ar—NH, Ar"® NO ® AN to act as the nitrosating agent.
or N,Oj3 , slow -H
fast However, as the acidity of the solution is increased,the free amine concentration also
® decreases because it gets protonated and loses its nucleophilic activity.
@ fast ® H  fast
— Ar\ /N\ —_— Ar\ /,N\ . . . . g . . .
Ar—=N=N + HO =——— l\\l) @Hz N OH So, a compromise in terms of solution acidity has to be struck in nitrosation.

Compared to aliphatic diazonium salts, which tend to decompose extremely rapidly to various by-products with evolution of nitrogen gas, aromatic diazonium
compounds are relatively more stable. This additional stability is attributed to the conjugation of -N,* with the aromatic ring:

) ( ) @ .. ::: @ ..0
< :)—N:N -~ N=N == N=N ——F www
®
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Synthetic utility of the diazonium salt:

CN COOH
N hydrolysis TN
_NH, N L
HN

= SnCl,, HCI
NO,
ag. NaNO,,
Cu-powder
S ©
X = BF,
H

H3P02, heat _—
| AN or

BF4
L EtOH, Cu-bronze or, NaBF,
SH then heat
S
N NaSH EO>\~SK ij
= t dropped-in %
o d. H5S0,
hydrolysis S° OEt
I X
T

The problem of introducing a bromo or a nitro group at meta-position with respect
to the ortho-/para-directing methyl group is solved by adding a 'dummy' amino
group which is used to set up the required relationship and then removed by
diazotization and reduction.
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Synthesis of m-bromotoluene:
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Me Me Me
1. mixed acid, ~35°C 1. Sn, HCI
. N
2. separation through 2. aq. alkali
toluene vacuum distillation
N02 NHZ
4-nitrotoluene p-toluidine
Me Me
(CH3CO),0 in water Bry in CH;COOH
warm in-water bath NHACc is a more effective Br
irector than Me in SEA
NHAG director than Me in SEAr NHAG
4'-methylacetanilide
Me 4 EtoH H,s0,  Me
1. aqg. HCI, reflux 2. NaNO, R
2. aq. alkali Br 3. Cu-bronze Br
powder
NH» 3-bromotoluene

Synthesis of m-nitrotoluene:

Me Me Me
as before HNO3, (CH3CO),0
—_—
—_—
NHACc is a more effective NO,
| . .
toluene NHAG director than Me in SEAr NHAG
4'-methylacetanilide
Me Me
1.aq. HCI, heat 1.EtOH, H,SO,4
2. NaOH No, 2-NaNO; NO,
3. Cu-bronze
NH ni
2 powder 3-nitrotoluene
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ON N
Diazo-coupling and its applications: 1ll\ll @',\'1'
A classic aromatic electrophilic substitution is diazo-coupling, in which the effective electrophile X AN
has been shown to be the diazonium cation: | -~ |

Diazonium salt is easily made through the diazotization of aromatic primary amines:
—\ = aq. NaNO,, HCI /= ICJ\?_N' - .I\.I—N@
S e —— T O & T NEN T b NN

For the more contributing canonical form of the diazonium cation each element has an octet. Thus-diazonium cation is a much weaker electrophile
(as compared to NO,"). As a result, diazo-coupling proceeds only with highly activated aromatic substrates: such as N,N-dialkylanilines and phenols.

aq. NaNO,, HCI ® dropped in aqueous ® (\@ . @\ N

@NHz 9 2, 1Y @—NEN : - NZEN“"+ o) NE o

0-5°C alkaline solution H

of phenol, 0-5 °C
OH
S
added to the solution of
aqg. NaNO,, HCI ® N,N-dimethylaniline in acetic acid ® .

@NHZ - N=N - NFEN“"+ NMe,

0-5°C containing NaOCOCHj3, 0-5°C

- . N
e

N~ NMe,
®
. . . . . . NEN
Even anisole which is usually considered to be a very much reactive substrate for SgAr reactions, @
OMe

J. P. Greiss
(1829-1888)

®©
y
.z
>

H
does not participate in diazo-coupling. > No diazo-coupling
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Diazo-coupling and its applications:
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The pH dependence of diazo-coupling: pH of the medium increases >
® © ©

Depending on the pH of the medium, the diazonium salt may @N:N OH OH

. . . . . . —_ . N\ .
exist in one of the following forms in solution: H®, - H,0 N “OH H@ N’N\O@
In the diazo-coupling reaction, diazonium salt is actually the electrophile. Thus, with respect to the diazonium salt a lower pH will favour the diazo-coupling.
Depending on the pH of the medium phenol Depending on the pH of the medium N,N-dialkylaniline
can exist in the following two forms: will exist in the following two forms:
OH 0® R.MH.R

[©) Thus with respect to phenol, a higher pH
will favour the diazo-coupling.

H a higher pH will again favour the

©
OH diazo-coupling.

Thus diazo-coupling reaction should be carried out at an optimum pH

This optimum pH is slightly alkaline with respect to phenol, as.under this condition it is converted into the more reactive phenoxide ion which is also more
soluble in the medium. That the neutral phenol is not effective for coupling is evident from the fact that even the usually highly reactive anisole, PhOCH;
does not participate in diazo-coupling. Of course, there can be no phenoxide here!

This optimum pH is slightly acidic with respect to N;N-dialkylaniline, as under this condition the compound exists in the salt form which is more soluble.
Diazo-coupling actually proceeds upon the non-protonated form which exists in equilibrium with its conjugate acid, the protonated, deactivated anilinium

salt (pKa ca. 5.5). But as the diazotization proceeds, the non-protonated form is consumed and the equilibrium is shifted towards it till the reaction is
complete (Le Chateliar's principle).

H
Thus we have the following observation: OH OH o \N/F>h
® o ® O N
~ PhN,CI PhN, CI
ph/N\\N slightly acidic slightly basic
N condition N condition N
Me”™ "Me Me” “Me Me” “Me
diazo-coupling o- to NMe, diazo-coupling o- to OH
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R.°.R . I .
o The phenoxide ion is more susceptible to N ® ® 2’) ,I(\ell_:cl:?r”c%lhaiﬂglgi;ilint?w;enﬁgssggﬁ}hbggte
OH electrophilic attack than phenol is.
pA pheno’ | © H © acid. Thus, w.r.t. N,N-dialkylaniline,
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Diazo-coupling and its applications:

Diazonium cations are weak electrophiles and thus deactivated aromatic rings such as acylated aniline derivatives, phenolic ethers and esters are ordinarily
not reactive enough for diazo-coupling.

However, it is sometimes possible to couple them as well as polyalkylated benzenes as mesitylene and pentamethylbenzene with diazonium salts when the
latter is exceptionally electrophilic in nature.

NO, Me
This is true for diazonium salts containing EWGs in the para-position, ®
since such groups increase the concentrations of positive charge and O5N N=N + Me
thus electrophilicity of ArN,*.
N02 Me
NO,
- : . L - Me
Similarly, by the introduction ERG, the electrophilicity of the diazonium O,N N
salt is decreased. Thus, towards diazo-coupling: \N Me
NO,
® . . ® ® ® © Me
O,N N=N s about 10,000 times ;. NEN. <—— MeO N=N
more reactive than
Me
Me Me
The importance of keeping the nucleophilicity of the aromatic nucleus high in order to achieve ®7N’: N
a successful diazo coupling is demonstrated by the observation that while N,N-dimethylaniline ‘Me \
. ! . i Me
undergoes diazo-coupling easily but N,N,2,6-tetramethylaniline, does not.
N,N-dimethylaniline Me
This is, undoubtedly, reflecting that the second-molecule is less nucleophilic than the first. N.N,2,6-tetramethylaniline

This is expected, considering the loss of planarity of the NMe, group w.r.t. the benzene
nucleus to avoid steric clash with the ortho-methyls which results in its inability to properly
stabilize the sigma-complex associated with the electrophilic attack.

® . M Me
Me Me Me ﬂ Me
NMe
. 2 Mo ™
o-complex for dimethylaniline
stabilized by conjugation

Me
©\ N H JJJ:‘Me | £ ol it Me Me conjugation between NMe, Y€ Me
N~ \@ N 0ss of planarity QN: and benzene ring is lost >

N,N,2,6-tetramethylaniline nucleophilicity of aryl ring compromised

e-flow into the
ring hampered
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Diazo-coupling and its applications:

Unusual outcome of a diazo-coupling reaction:
.. 1.NaNO,, HBr, 0-5°C
CIONHZ -
Me
+ O
Me

under slightly acidic condition

To explain the formation of the unexpected product, we need to look at the diazonium cation generated in situ: CI@NEN Br

S
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NM62

+

(expected)

It undergoes a nucleophilic substitution by the bromide ion present via the addition-elimination mechanism,
as the diazonium salt is activated towards nucleophilic attack by the electron-withdrawing-nature of the diazonium group.

NMez
£Q
Br

(unexpected)

@ ©

. o Thus, here, the Cl atom of chlorobenzenediazoniumis replaced by Br via an Sy Ar:
®N ®N This nucleophilic substitution reaction is faster
N® Cl Cl, Br Br ; > ,
o o than the rate at which the chlorobenzenediazonium
-Cl Br -Cl / is captured by the amine.
B — E—
- Br@ CI@ So there are two diazonium salts present in the
/CI Nu Ccl’ Nu Nu AN N® N® medium both of which participate in the coupling
- ; HD ,\'j H> with N,N-dimethylaniline.
p-position is activated N S N
towards Sy, Ar chlorobenzene- bromobenzene- As a result, we get two diazo-coupled products.
diazonium diazonium
Me\-,\-l,Me Me\N,Me
diazo-coupling with diazo-coupling with
chlorobenzenedizonium bromobenzenedizonium
Me Me
® (©)

£

o
Br

Me

: ,.’\'lMez

.N.\\

/©/ :
Br
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Diazo-coupling and its applications: o

Let us consider the diazo-coupling reactions of a-naphthol and B-naphthol respectively. B
Recall that there are two possible positions, o and B, for the electrophilic substitution on

naphthalene system:

We know that the SEAr reaction on aromatic nucleus will regioselectively proceed at that site at a faster rate which-leads to the formation of a more stable
sigma-complex and the corresponding product will be the major product.

In the cases of a-naphthol and B-naphthol, the substituent,
the hydroxyl group, is ER in nature (+R effect). Thus the
ring containing the hydroxyl group is more susceptible to
electrophilic attack i.e.

In case of naphthalene where we have the two possible sites

available for electrophilic attack:

OH
o—attack ‘ [—attack

HO
OG and

more susceptible to
electrophilc attack

We know that electrophilic substitution will regioselectively proceed
at that site at a faster rate where the o-complex is more stable. Now
we already have the following information:

most contributing canonical forms, as aromaticity
is retained on the other adjacent ring. The o-complex for a-attack (with respect to naphthalene

nucleus) is more stable than that of g-attack.

The o-complex for ortho- and para-attack (with respect to

+~—— other canonical forms with the hbbbbdddd
/\ hydroxy group) is more stable than that for meta-attack.

participation of adjacent ring, less
contributing strauctures as the aromaticity
is lost in the adjacent ring

UV VLV VY.V Vo

The favoured positions of electrophilic substitution in the two ring
systems can be marked by the arrows as shown below

OH 1

ol o

OH
B, o
0 = QL

a, p a,m

Thus, simply by counting the number of canonical forms we can say that the s-complex
for a-attack is more stable than that for B-attack. So, in case of naphthalene, a-attack is
more favoured over -attack.

Study Guide to Organic Chemistry - Saha et al. Volume 4 (ISBN 9788192695259) ﬂ




Organonitrogen Chemistry Page 29

Diazo-coupling and its applications: a-naphthol and pB-naphthols

Ph
oH O/oc— /N\

1. dil. alkali OH 1. dil. alkali “/
5 2. PhNDclP 2. PhNDclP

p-lo- N
Ph
In fact, diazo-coupling with B-naphthol is used for the qualitative detection of aromatic primary amino groups.

The test requires diazotizing your sample in HCI medium and pouring the diazotized solution into. the alkaline solution of B-naphthol in aqueous alcoholic medium.
Appearance of a red or orange azo-dye confirms presence of amino group in your sample.

Why specifically use p-naphthol and why not the a-isomer? Consider the following points:

1. Considering the stabilities of c-complexes through the loss of resonance energy it is expected that the naphthalene nucleus is more susceptible to electrophilic
attack than the benzene nucleus, for which electrophilic substitution reaction.is expected to take place more rapidly on naphthols, in comparison to common phenols.

2. The size of the hydrophobic part of the naphthol system is greaterin comparison to common phenols. As a result, the diazo-coupled products of naphthols is
expected to be less soluble in aqueous alkaline solution.

3. Through the following type chelation that exists in the diazo-coupled B-naphthol system, the acidity of the hydroxyl group decreases. As a result, it is expected that
this product will be insoluble under the alkaline reaction-condition

Ph
|
_N-_ In consequence, the diazo-coupling product is expected to separate from the reaction medium in the form of a coloured precipitate,
N i leading to-a-much more discernible and vivid change (compared to a colour change in solution).
OO In‘the case of a-naphthol, the coloured product is expected to be more acidic than the reactant (a-naphthol) and therefore it is

expected to be more soluble in the alkaline reaction condition.
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Organonitrogen Chemistry

Page 30

Synthesis of secondary and tertiary aromatic amines: Me\N,H
Methylation of aniline can be achieved to access either N-methylaniline MeOH (1.2 eqv.), HySOy,
or N,N-dimethylaniline by using methanol and sulphuric acid. The nature NH; 230 °C. under pressure >
of the final product depends on the ratio of the substrate to methanol: ' P
using 1.2 equivalents of the alcohol affords the secondary amine, while Me\N,Me
large excess of methanol leads to the tertiary amine as the main product.

MeOH (excess), HySOy,

230 °C, under -pressure
Alkylation with alkyl halides always runs the risk of over-alkylation,
so a better alternative is reductive alkylation. Me. _Me H,Cx

NH, N N
One example is synthesis of N,N-dimethylaniline through
reductive methylation of aniline using formaldehyde: CH20 (excess), EtOH, H,0 o .
via in situ formation of
H,SOy4, H,, Pt
Me., _H
N
CH,0 (1 eqv.), HCO,H
Similarly, the Eschweiler-Clarke methylation can give access NHa
to both the secondary and the tertiary amine:
Me. .Me
N
CH,O (excess), HCO,H
Reduction of amide is another way:
I\I/Ie
N\H ACzo
N\ Me Me
N _M i N__M
N-methylaniline Y LiAIF,, ether ~-Me
(o) then Hzo
H ©
N-methylacetanilide N-ethyl-N-methylaniline
N__M N__M
N LDA N Mel /
_—
0] (0]
acetanilide
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Formation and reactions of diphenyleneamines:

o-Phenylenediamine: It is prepared by reducing o-nitroaniline with zinc dust
and aqueous ethanolic sodium hydroxide:

The most characteristic property of o-diamines is the ease with which they
form heterocyclic compounds.

When o-phenylenediamine is treated with ferric chloride solution,
a dark red colour is produced due to the formation of 2,3-diaminophenazine:

NH, NHz g _N NH,
+ — 3 -
NH, NH, N NH,

phenazine-2,3-diamine

When o-phenylenediamine condenses with a-dicarbonyl compounds,
quinoxalines are formed; e.g., with glyoxal, quinoxaline is the product:

NH, O~ _H N
- T——C1)
NS

NH, 07 H N

quinoxaline

This reaction is used to identify o-diamines; the 1,2-dicarbonyl compound employed

for this purpose is phenathraquinone, which results in the formation of a sparingly
soluble phenazine derivative:

NH, o) O _N
YOS -0
NH, o) O N

9,10-Phenanthrenequinone

dibenzol[a,c]phenazine
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N02 NH2
@ Zn dust, NaOH @
NH2 aqg. EtOH NH2

Benzimidazoles are formed when o-phenylenediamine is heated with
organic acids, e.g.,

H
NH> OH heat N\H/H
oo heat I

NH2 0] NH2

ring closurej

o

H
1H-benzo[d]imidazole

When o-phenylenediamine is treated with nitrous acid (best way: an
acidic solution of the diamino compound is treated with aqueous sodium
nitrite), benztriazole is formed through an intramolecular reaction:

D)
NP2 o N N,
I (O | — (I
NH, NH, N
benzotriazole

Note that the reactivity of the two amino groups are initially the same
but after diazotization of one amino group, the reactivity of the other is
reduced drastically in the intermediate. This promotes the intramolecular
reaction at the expense of another diazotization and the benztriazole
results.
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Formation and reactions of diphenyleneamines:

ON NO, _Fe HCl
m-Phenylenediamine: This one is prepared by reducing m-dinitrobenzne: \©/ €, \©/

m-dinitrobenzene m-phenylenediamine
The most characteristic reaction of m-phenylenediamine when
treated with nitrous acid is the formation of brown dyes - NaNO,, HCl N
Bismarck Brown - a monoazo- and a bisazo-compound are H,N NH,  diazotization & ® ® @ 77
formed: N> N3 N>
tetrazotization
This reaction is used as a colorimetric method for the
determination of nitrites in water; even when nitrites are /@\
resent in traces, a yellow color is produced. -N N« _N
" S e NQ+Q“ L
HoN NH, H,N NH, HoN NH»>
monoazo-dye bisazo-dye
On the other hand, by dissolving m-phenylenediamine in
concentrated hydrochloric acid, and keeping the nitrous NaNO,, HCI > o0® ® O
acid always in excess, both amino-groups may be diazotized H,N NH, Cl~ Ny N, ClI

(double diazotizatuion / tetrazotization) to give the
tetrazo-compound):

p-Phenylenediamine: It is prepared by reducing NaOAc HCI, warm _
p-nitroaniline or aminoazobenzene, e.g. L YO N-azo to C-azo
H,N Cl N

2 rearrangement

diazoaminobenzene

p-benzoquinone is formed through oxidation:

® O
NH, N, Cl o)

p-Phenylenediamine can be diazotized-in the /@
ordinary way, and during diazotization some N+«
y way, and during | Sor /@/ N  NapS;04 /©/
H,N

aminoazobenzene p-phenylenedlamlne

NaNO,, HCI

NH, NS ¢
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