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A B S T R A C T

An azo dye bearing coumarin moieties were prepared by diazotization of 4-Nitro aniline using amberlyst-15 as an
acid catalyst then coupling of the obtained diazonium salt with coumarin. The obtained dye were characterized
via UV-Vis, FT-IR, and 1H, 13C NMR spectroscopy This eco-friendly procedure seeks to get ride of the restrictions of
the diazotisation traditional method such as using of strong acids, harmful solvents, modest yields and difficult
purification, In addition, the pluses of this procedure include moderate conditions with good conversions,
avoidance of harmful acids, simple product isolation process, selective, reduce by-products and purification
procedures, recyclability of the catalyst and inexpensive procedures.
1. Introduction

Heterocyclic compounds are found in many natural and synthetic
compounds and enter into a huge range of applications and uses, mostly
in pharmacological fields, as well as in the chemistry of dyes and colors.
Among these compounds, coumarins have occupied an important place
in most research and attracted wide interest by researchers due to their
biological, clinical and industrial applications.

They are used as additives in food products, perfumes, pharmaceu-
ticals and cosmetics, optical bleaches, fluorescent and lasers dyes [1, 2, 3,
4]. Beside that their important use as heterocyclic coupling components
to synthesis azo dyes which consider the widest group of organic dyes
due to the number of variations and differences in their chemical
composition and their wide industrial applications, Since they can be
applied to dye various natural and synthetic fibres also, they can used for
coloring plastics, foods, rubber, drugs, printing inks, paints and
cosmetics.

The traditional and general method for the synthesis of azo dyes is
usually carried out in two steps: first step the diazotization of aromatic
primary amines, followed by second step which is the coupling reaction
between diazonium salts and activated aromatic or heterocyclic nucle-
ophilic coupling components.

The formation of diazonium salts in the first step begins by proton-
ation of nitrous acid under strong acidic media at low temperatures (0–5
�C) then the azo coupling in the second step is achieved also at low
temperature and in the existence of active nucleophilic coupling
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structures. The most negatives of this synthetic procedure are low tem-
perature, use of strong acid–base catalyst, decomposition of aryl diazo-
nium salts at room temperature, small yields, and long reaction times.
However, the main negative of such synthetic procedure is its environ-
mental damage. The large and continuous acidic and basic waste
generated during it lead to significant damage and pollution to the
environment.

Recently, great and tremendous development has been made in the
field of polymer chemistry that has become known, since the synthetic
organic chemical reactions give by-products which require many pro-
cedures to get rid of them and get the final product pure of its trace-
s.Whereas when the polymeric catalyst is applied in the organic process,
the byproducts attach and bind to the insoluble polymer and are easily
separated from the final product by filtration. The use of these cation
exchange resins leads to obtaining the desired product with greater yield,
less purification procedures, and less waste and large undesirable pol-
lutants [5, 6, 7, 8, 9, 10, 11, 12, 13]. A literature survey shows a few
researches on the application of solid acids as catalyst in the diazotization
reactions [14, 15, 16, 17, 18] and there is no method about employing
amberlyst-15 to synthesis azo coumarin dyes. So, we here seek and focus
our efforts to ensure the possibility of using simple and cheap hetero-
geneous catalysts. So, we try here to report the synthesis of azo coumarin
dyes using amberlyst-15 as a cation exchange resin which resolved the
environmental problems, exhibit higher activity, selectivity and it can be
separated by filtration, recycling and easy separation and purification of
desired compound.
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Figure 1. Structure of amberlyst -15.
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2. Experimental

2.1. Apparatus

Spectrum NMR proton and carbon device 400 MHz model Bruker by
Switzerland company. Optical absorption spectrum infrared device
model FT-IR-4100 from the Japanese company Jasco.
2.2. Raw materials and reagents

4-nitro aniline, coumarin (Sigma–Aldrich & Merck), sodium nitrite,
sodium hydroxide (99% by Merck), amberlyst-15 (99% by
Sigma–Aldrich).
Figure 2. Preprat
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2.3. Experimental procedure

2.3.1. Synthesis of azo coumarin dyes general procedure
To a solution of 4-nitro aniline (1 mmol) in (9 mL) distilled water was

added cation-exchange resin (amberlyst-15, 50%), after stirring for 15
min in the ice bath, a solution of NaNO2 (0.621 g, 9 mmol) in (1.8 mL)
distilled water was added gradually during 5 min. The resulting solution
was then stirred for 5 min until the starting amine disappeared as
monitored by TLC Then the result diazonum salt's solution, was poured
from the top of the filter paper to get rid of the catalyst into an ice cold
solution of coumarin (0.543 g, 3 mmol) in 20 ml of 10% sodium hy-
droxide solution, then resulting mixture was stirred and kept on an Ice
bath for 30 min at a temperature of 5 �C. The pH was maintained about
6–7. The obtained product was filtered and washed with cold distilled
water. Finally, the obtained product was dried and recrystallized by
ethanol.
2.4. Characterization of the products

8-[(E)-(4-nitrophenyl)diazenyl]-2H-chromen-2-one orange solid
(yield 87%), m.p ¼ 245–247 �C IR(KBr) (v, cm�l):1698(C¼O), 1350
(C–O),1610(C¼C aromatic), 1480(N¼N),1000(C–N)1360,1554 (NO2)
1H-NMR (DMSO-d6, 400 MHz) (δ, ppm): δ 6.68(d, J ¼ 9. 6, 1H, 3-H),
7.67(d, J ¼ 8,9 Hz, 1H, 4-H), 8.29 (d, J ¼ 9.7 Hz, 1H, 5-H), 8.23 (dd, J
¼ 8.9, 2.4, 1H, 6-H), 8.42 (d, J ¼ 2.3, 1H, 7-H),8.06 (m, 1H, 8-H),8.13(d,
J ¼ 9,2H, 10-Hþ14-H)8.49 (d,J ¼ 9,2H, 11-Hþ13-H), 13C-NMR (DMSO-
d6, 100 MHZ, δ ppm) δ161.30(C2), 113.33(C3), 144.52(C4),
120.36(C4a), 131.68(C5), 126.35(C6), 126.27(C7), 132.10(C8),
150.30(C8a), 157.39(C9), 121.52(C10þC14), 125,17(C13þC11).

3. Results and discussion

Following up on research in the field of environmentally friendly
heterogeneous catalysts, we present the following simple and effective
methodology for the synthesis of azo-coumarin dye through the diazo-
tization of aromatic amine in the presence of amberlyst-15 as a hetero-
geneous and efficient catalyst followed by coupling with coumarins.

Amberlyst-15, which is a brown-gray granules and consists of a
reticular polystyrene based on ion exchange resins with strong acidic
sulfonic groups (Figure 1). Therefore, it is considered one of the effective
heterogeneous acid catalysts in the reactions catalyzed by acidic media. It
is safe to use in addition to the possibility of separating it from the re-
action mixture easily after the end of the reaction. It is also considered
environmentally friendly, especially in terms of the possibility of its
renewal and reuses about four times.
ion of dye 3.



Figure 3. Mechanism of diazotization using amberlyst-15.

Figure 4. Coupling reaction of diazonium salt with coumarin.
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the novel azo coumarin dye 3 were prepared with yield 87% by the
diazotization of 4-nitro aniline 1 using amberlyst-15 as catalyst then by
coupling with coumarin 2 (Figure 2).

This reaction was carried out firstly according to conventional pro-
cedures [12] (The diazotization and diazo coupling reactions are usually
performed with protonation of nitrous acid in aqueous media and under
strongly acidic conditions) but the reaction mixture showed several
byproducts. When this formation of these by products was prevented,
and the rate of the reaction was raised beside that the recrystallization
was also much easier.

The proposed mechanism for this diazotization in the existence of
amberlyst-15 was depicted in Figure 3.

At first, amberlyst-15 was converted to sodium salt to liberate the
nitrous acid NaNO2. In the next step, the excess of amberlyst-15 con-
tributes to the formation of the nitrozonium ion by removing water from
the nitrous acid.

The formation of N-nitros amine by nucleophilic attack of amino
group on nitrozonium ion then elimination of water after series of
transfers to produce diazonium salt.

Finally, the nucleophilic attack of coumarin at carbon atom number 8
which have high electronic density [19] forming azo dye (Figure 4).

The main disadvantage of many heterogeneous solid catalysts is that
they are damaged and destroyed after work procedures so that they
cannot be used later. In our research and these operations, as outlined in
Figure 5, the amberlyst -15 showed an important and environmentally
friendly advantage in terms of the possibility of recycling it four times
and using it in new reactions with a small decrease in its catalytic ac-
tivity, which It is assumed that it is caused by the partial sedimentation of
carbonaceous materials, beside, reduce by-products that was shown in
the traditional way by reducing the dissociation of diazonium salts as a
result of their binding to the catalyst and thus increased selectivity and
increased reaction yields.

The infrared spectra (IR) of the dye 3 (Figure 6) show the following
peaks: 1480, 1610 and 1698 cm�1 which were assigned the functional
groups of, –N¼N–, –C¼C-aromatic str. and C¼O str. of α-pyrone of
coumarin respectively and The peaks appearing at 1000-1350 cm�1 are
refer to (C–N) and (C–O) stretching vibration and at 1360 and 1554 cm�1

due to the presence of NO2 str.
The 1H NMR in DMSO-d6 spectrum of this dye (Figure 7) exhibited

doubled corresponded of two olefinic protons of the coumarin ring (H3 at
6.60 ppm) and (H4 at 7.62 ppm), the peaks appearing in the positions
8–8.5 ppm are attributed to aromatic rings protons.

The 13C NMR spectrum of dye 3 (Figure 8) showed 15 distinct peaks
in agreement with the dye structure.

The UV-V is electronic absorption spectrum Figure 9 of the dye 3 in
dimethyl sulfoxide with a concentration of 0.01% and within the range
(350–700 nm) shows a maximum absorption peak at the maximum
wavelength 420 nm which is due to the π→π* transition. We also notice
an absorption peak at the wavelength nm 590 and returns to the tran-
sition n→π* as shown in the Table 1.

This azo coumarin dye can be used as indicators due to the difference
in the color of its solution according to the nature of the medium, where
it gives a yellowish-orange color in the acidic medium (Figure 10)and a



Figure 5. Amberlyst-15 recycle.

Figure 6. Infrared spectra (IR) of the dye 3.

Figure 7. 1H NMR in DMSO-d6 spectrum of dye 3.
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Figure 8. The 13C NMR spectrum of dye 3.

Figure 9. UV-VIS spectrum of dye 3 in DMSO.

Figure 10. Dye's color in acidic medium.
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purple color in the basic medium (Figure 11), and after preparing various
acidic and basic solutions (Figure 12) and following up on the field of
color change, which was found to be within the field pH (8.8–11.2).

We think that the cause of this changing in the colour refer to reso-
nance change as shown in Figure 13.
Table 1. Absorption peaks of dye 3 in the range (350–700 nm).

λmax Abs Electron transition

420 nm 2.523 π→π*
590 nm 0.975 n→π*

5

4. Conclusions

In summary, we have developed a great method that falls within the
field of green chemistry for the synthesis of azo coumarin dyes using
amberlyst-15 as a hertogeneous catalyst. Moreover the low cost of the



Figure 11. Dye's color in basic medium.

Figure 13. Suggested resonance which causing color change.
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catalyst comparison with other traditional catalysts such as sulfuric acid
Figure 12. Changing the color of dye's solutions in various pH range.
and hydrochloric acid and by reused four times, low toxicity of the
catalyst, simple experimental procedure, and high yields of the products,
a novel azo source are the advantages which make this method effective
for organic synthesis and convenient and economical to suit the indus-
trial and applied fields.
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