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Abstract

strongly activated aromatic system.

In this review paper, we talk about Dyes are used to give colors to substances, especially fabrics. Chromophores,
functionalgroups that absorb light, give color to these dyes. The most common chromophores areazo, nitro, and carbonyl
groups. Auxochromes, functional groups that increase theintensity of the color, are also important parts of dyes. The
most common chromophoresare hydroxyl, amino, sulfonate, and carboxylate groups.Azo dyes have a nitrogen to
nitrogen double bond as their chromophore. These dyes arecreated by taking a diazonium salt and adding it to a
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Azo Compounds

The history of dyeing can be divided into two great periods, the "pre-
aniline," extending to 1856and the "post-aniline" period. The former
was characterized by a rather limited range of colors that were based on
dye-producing animals and plants. The main vegetable dyes available
were extracted from madder root (Asia and Europe), producing a
brilliant red and leaves of the indigo plant (India), yielding the blue dye
still used today in jeans. Among the most important animal based dyes
is the famous and expensive "Tyrian Purple” which was obtained from
the small shellfish nurez. We have the ancients' word that this dye was
unbelievably beautiful, but

evidence taken from ancient samples prove that it ranges through
a rather uninspiring series of reds and purples. After seeing it, we wish
that Homer had written about some of today's inexpensive coal-tar
purples and reds. A far more beautiful natural color was introduced to
Europe from Mexico in 1518, the brilliant scarlet dye cochineal, which
had been produced from tiny lice which infest certain types of cactus
[1-6].

* Azo compounds contain the -N=N- group:
R,-N=N-R,

* In aromatic azo compounds, the R groups are arene rings; the
structures of these are more stable than if the R groups are alkyl groups.

« This is because the -N=N- group becomes part of an extended
delocalised system involving the arene groups.

* The aromatic azo groups are highly coloured and are often used
as dyes.

* Aromatic azo compounds are formed by a coupling
reaction between a diazonium salt and a coupling agent.

Diazonium Salts

* The diazonium salts are very unstable; the only relatively stable
diazonium salts are the aromatic ones, and these are not particularly
stable [7].

* This is because the presence of the benzene ring with its high
electron density stabilises the *N=N group.

* Benzenediazonium chloride is an example of a diazonium salt:

=M CH

* In aqueous solution, Benzenediazonium chloride decomposes
above temperatures of 5°C and the solid compound is explosive; for
this reason, diazonium salts are prepared in ice-cold solutions and are
used immediately.

* They are synthesised in a diazotisation reaction- a cold solution
of sodium nitrate is added to a solution of arylamine in concentrated
acid (below 5°C).

* The acid firstly reacts with the sodium nitrate to form an unstable
nitrous acid (nitric(iii)acid):

NaNO + HCI —> HNOZ( + NaCl
aq) (aq)

. The nitrous ac1d then reacts with the arylamine:

@NH?W) * Ny = @+N§N CI- faq + 2H2 00

Diazo Coupling Reactions

* In a diazo coupling reaction, the doazonium salt reacts with
another arene (the coupling agent) [8].

» The diazonium salt acts as an electrophile, reacting with the
benzene ring of the coupling agent.

* When the ice-cold solution of the diazonium salt is added to a
solution containing the coupling agent, a coloured precipitate of an azo
compound is formed; many of these compounds are dyes.

* The coupling agent always reacts in the two or four position of the
benzene ring (where one position is the functional group).

* The colour of the compound formed depends on the coupling
agent that is being reacted with diazonium salt.

Coupling with Phenols
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* When the diazonium salt is reacted with a phenol, a yellow/
orange azo compound is formed:

@wsN cr + ©OH > —N=N — |»>—O0H + HCI

» With an alkaline solution of napthalein-2-ol, a red azo compound
is formed:

Mo oH

(7‘) ‘NENCI 4 >

= — % +Hcl

“_/

Coupling with Amines

* A yellow dye is often formed when a diazonium salt is reacted
with arylamines:

@—*NEN CF + @—NH; > +HCI

* Many different azo compounds can be formed by coupling
different diazonium salts wit

* Coupling' of diazonium salts with phenols yields azocompounds,
containing the azo group, -N=N-. For example, an alkaline solution of
phenol (the coupling agent) reacts with benzene diazonium chloride
(an electrophile) to form a yellow azo-dye. Coupled with naphthalen-
2-ol a bright red precipitate is formed [9-11].

oH
HO : :
MN=mM MN=mM
Z hromophore
wellows bright red

* These particular dyes are of little practical value owing to their
only slight solubility in water. However, azo-dyes containing one or
more sulphonic acid groups are much more soluble and of considerable
commercial importance in the dyestuffs industry [12-15].

* In azo compounds the -N=N- group is part of an extended
delocalised electron system involving the aromatic rings, called a
chromophore. The quantised molecular electronic energy levels are
closer together in such delocalised systems and light from the visible
region of the electromagnetic spectrum is absorbed (DE) when electrons
are promoted from lower to higher levels. The azo compound then
appears a colour corresponding to the unabsorbed visible light. Also,
groups such as -OH and -NH, are often attached to chromophores (also
forming part of the extended delocalised electron system, so changing
the DE values) to modify the colours of the molecules. Azo-dyes bind
to fabrics in different ways. For cotton, many are insoluble and become
trapped in the fibres. Others, called direct dyes, become attached to the
fibres by hydrogen bonding and instantaneous dipole-induced dipole
intermolecular bonding. Because intermolecular bonding is much
weaker than covalent bonding, the dye molecules must be long and
straight so that they can align closely with the cellulose fibres of cotton

giving more opportunities for intermolecular attractions [16,17]. The
structure of the dye Direct Blue 1 is illustrated below:

NH

2 OH OH NH 2
+ - -t
Ha D3 & : : H=N H=N : : 503 Ha

50" na*
3

Diazonium Salts

* Both aliphatic and aromatic primary amines can form diazonium
salts. They do this by reacting with Nitric(IIT) acid (nitrous acid),
HNO,, at a temperature of 0-5°C.

» Owing to the instability of nitric(III) acid, it is always generated
during a reaction, usually by the action of dilute sulphuric(VI) acid
or hydrochloric acid on sodium nitrate(III) (sodium nitrite), NaNO,.
The acid used to generate nitric(IIT) acid provides the anion of the
diazonium salt.

R-NH, + NaNO, + 2HCI ® R-N"*N: Cl + 2NaCl + 2H,0
Ph-NH, + NaNO, + 2HCI * Ph-N**N: CI + 2NaCl + 2H,0

* However, alkyl diazonium salts are extremely unstable and always
decompose to evolve the colourless unreactive nitrogen gas, amongst
other products.

« The diazoniumcations of aromatic diazonium salts are somewhat
more stable than their aliphatic counterparts. With phenylamine the
benzene diazonium ion is formed:

CH.-NH, + HNO, + H"* C.H, - N**N: + 2H 0

* Although benzene diazonium salts can be isolated in the crystalline
form, they are usually retained in solution and used immediately as
they decompose on standing even in the cold. In the solid state the salts
are explosive and can be easily detonated by a slight shock or on mild
warming.

« A structure for benzene diazonium chloride is shown below:

+ -
MN=r CI

* The greater stability of the benzene diazoniumcation compared
with the alkyl diazoniumcation is attributed to the diazo group being
part of the delocalised system with the benzene ring and so the way in
which the positive charge is distributed about the ring.

I I I '
I I I, I,
+ +
— — —
T

Azo-dyes - Coupling Reactions

* In practice, a solution of a benzene diazonium salt is added to an
alkaline solution of a phenol (or aromatic amine, such as phenylamine).
The benzene diazoniumcation behaves as an electrophile, but it is a
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weak electrophile and so the aromatic ring which it attacks must have
attached to it an activating group such as -OH or -NH,. An electrophilic
substitution reaction occurs to form an azo-dye.

OH
+ +
—_— M= M + H

M=

Azo-dye

* The electrophile chlorine activates the reaction and eletrophilic
substitution takes place on phenol.

» Substitution reaction takes place always in para position except
when the position is already occupied.

The mechanism for p-mitrobenzenediazoniumtetrafluoroborate in
azo coupling with benzene or nitrobenzene.

1. Hel

Azo Compound

Aromatic diazonium ions acts as electrophiles in coupling reactions
with activated aromatics such as anilines or phenols. The substitution
normally occurs at the para position, except when this position is
already occupied, in which case ortho position is favoured. The pH of
solution is quite important; it must be mildly acidic or neutral, since no
reaction takes place if the pH is too low [7,8].

Mechanism of Azo Coupling
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Dr. Nagham synthesized manyazo groups linked with schiff base
to produce various membered rings and formazane compounds [9].
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Dr. Nagham synthesized azo groups linked with schiff base to

produce formazane compounds from melamine compound [10].
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Dr. Nagham, et al. synthesized polymer containing azo groups [11].
COOH
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Dr. Nagham et al. synthesized various membered rings containing
azo groups.
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Dr. Matelf et al. synthesizedimidazole rings containing azo groups.
o]
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Dr. Hanser et al. synthesized imidazole azo complexes.
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Iames prepared imidazole azo antibacterial and antifungal.
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Alaa et al. prepared macroazo ligands.
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Dr. Nagham Aljamali synthesized formazane compounds
containing azo groups linked with imine group.
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Some azo compounds used as drugs like sulphadiazine derivatives.

==~

(PSPAI)

w:o

(

(o}

References
1. George S (1995) Organic Chemistry, Mosby-Year Book.

2. Sykes P (1974) Agide Book to Mechanism in Organic Chemistry. (5thedn),
Longman, UK.

3. Brewster RE, McEwen WE (1971) Organic Chemistry (30thedn).
4. Marry BA (2005) Organic Reaction Mechanism. Jon Willey sons, USA.

5. Fieser LF, Eilliamson KL (1983) Organic Experiment. (5thedn), DC Heath and
company Toronto, Canada.

6. Carey FA, Sundberg RJ (1983) Advanced Organic Chemistry, part A: strures
and Mechanisms. (2ndedn), Plenum Press, New York, USA.

7. Aljamali NM (2014) Synthesis of seven-memberd hetero cyclic compounds via
pericyclic reaction As J Rech 7: 810-838.

8. Wilson CO, Givold O (1966) Text book of Organic Medicinal and pharmaceutical
Chemistry. (5thedn), Pitman Medical Publishing Co. Itd, London, UK.

9. Aljamali NM (2015) Review in (NMR and UV-VIS) spectra As J Rech 7: 11.

10. Aljamali NM, Survey In Aromatic Compounds Int J Curr Res Chem Pharma
Sci 1: 121-51.

11. Aljamali NM, Review In Cyclic Compounds With Heteroatom Int J Curr Res
Chem Pharma Sci 1: 88-120.

12.Ju Y, Kumar D, Varma RS (2006) Revisiting Nucleophilic Substitution
Reactions: Microwave-Assisted Synthesis of Azides, Thiocyanates, and
Sulfones in an Aqueous Medium J Org Chem 71: 6697-6700.

13. Iranpoor N, Firouzabadi H, Akhlaghinia B, Azadi R (2004) Conversion of
Alcohols, Thiols, Carboxylic Acids, Trimethylsilyl Ethers, and Carboxylates
to Thiocyanates with Triphenylphosphine/Diethylazodicarboxylate/NH4SCN
Synthesis,1: 92-96.

14.linuma M, Moriyama K, Togo H (2012) Simple and Practical Method
for Preparation of [(Diacetoxy)iodolarenes with lodoarenes and
m-Chloroperoxybenzoic Acid Synlett, 18: 2663-2666.

15. Bhalerao DS, Agamanchi KG (2007) Efficient and Novel Method for Thiocyanation
of Aromatic and Hetero-aromatic Compounds Using Bromodimethylsulfonium
Bromide and Ammonium Thiocyanate Synlett 19: 2952-2956.

16. Gung BW, Taylor RT (2004) Parallel Combinatorial Synthesis of Azo Dyes: A
Combinatorial Experiment Suitable for Undergraduate Laboratories J Chem 81: 1630.

17. Decelles C (1949) The story of dyes and dyeing. J Chem 26: 583.

Biochem Anal Biochem
ISSN: 2161-1009 Biochem, an open access journal

Volume 4 + Issue 2 + 1000169


http://www.ijmrpsjournal.com/Issues PDF/Vol.2/January-2015/4.pdf
http://www.ijcrcps.com/pdfcopy/nov2014/ijcrcps12.pdf
http://www.ijcrcps.com/pdfcopy/nov2014/ijcrcps12.pdf
http://www.indianjournals.com/ijor.aspx?target=ijor:ajrc&volume=7&issue=11&article=014
http://www.indianjournals.com/ijor.aspx?target=ijor:ajrc&volume=7&issue=11&article=014
http://pubs.acs.org/doi/abs/10.1021/jo061114h
http://pubs.acs.org/doi/abs/10.1021/jo061114h
http://pubs.acs.org/doi/abs/10.1021/jo061114h
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-2003-44369
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-2003-44369
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-2003-44369
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-2003-44369
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0032-1317345
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0032-1317345
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-0032-1317345
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-2007-992367
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-2007-992367
https://www.thieme-connect.com/products/ejournals/abstract/10.1055/s-2007-992367
http://pubs.acs.org/doi/abs/10.1021/ed081p1630
http://pubs.acs.org/doi/abs/10.1021/ed081p1630
http://pubs.acs.org/doi/abs/10.1021/ed026p583

	Title
	Corresponding author
	Abstract
	Keywords
	Azo Compounds 
	Diazonium Salts 
	Diazo Coupling Reactions 
	Coupling with Phenols 
	Coupling with Amines 
	Diazonium Salts 
	Azo-dyes - Coupling Reactions 
	Mechanism of Azo Coupling 
	References



