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(2) afford azo dyes by grinding in good yields. This new method totally avoids
the use of inorganic acids, alkalies, toxic and/or expensive solvents in
diazotization and diazo coupling reactions. Prog. Color Colorants Coat. 2(2009),
61-70. © Institute for Color Science and Technology.

1. Introduction

In recent decades, organic color chemistry is undergoing
very exciting development as a result of the opportunities
presented by dye applications in high technology fields:
electronic devices, linear and non linear optics,
reprography, sensors and biomedical uses [1-4].

The diazotizing method by protonation of nitrous acid
under acidic conditions is well-known [5]. The acid-base
catalyzed processes are effective for the near quantitative
formation of desired products. But its main limitation is
their environmental incompatibility, because nowadays
the prohibition of the environmental pollution is main
issue in global the world [6]. In addition to the solvent
case, the synthesis of azo dyes in ionic liquids is reported
[7]. The solid-state diazotization and diazo coupling of

some electron-rich aromatic compounds with gaseous

*Corresponding author: n.noroozi@mail.urmia.ac.ir

NO, [8], in the presence of ferric nitrate as an oxidation
agent [9], via resin supported diazonium salts [10], on
clays as catalyst [11] and even coupling in supercritical
carbon dioxide [12] are reported. As part of our ongoing
research program for exploring the catalytic properties of
p-TsA, we herein propose a new process for diazotization
and diazo coupling reactions using p-TsA, in which it
leads to the synthesis of azo dyes.

2. Experimental

2.1. Materials and instruments

IR spectra were determined in the region 4000- 400 cm™
on a NEXUS 670 FT IR spectrometer by preparing KBr
pellets. The 'H NMR spectra in DMSO-ds were
measured at 300 MHz, using Bruker 300 FT-NMR
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spectrometer referencing tetramethylsilane as internal
standard. Compounds la-c were synthesized in our
laboratory based on common and known methods [5].
Compounds 1d, le, p-TsA and sodium nitrite were
purchased from Merck and Aldrich and used without

further purification.

2.2. Syntheses
General synthesis of azo dyes (6a-d—8a-d)

A general preparative procedure is described below for
the preparation of 5-(4-nitro-phenylazo) pyrimidine-
2,4,6-trione (8a) and all other dyes were prepared in the
similar manner.

Representative procedure for the synthesis of 5-(4-
nitro-phenylazo) pyrimidine-2,4,6-trione (8a).

The mixtures of barbituric acid (0.14 g, 1.06 mmol), p-
TsA (0.18 g, 1.06 mmol), p-nitroaniline (0.15 g, 1.06
mmol) and sodium nitrite (0.07 g, 1.06 mmol) were
mixed, grinded in an agate mortar at 0 °C. After few
minutes the color of homogenized mixture became at
first yellow and then red after grinding. The reaction

(TLC) using a mixture of ethyl acetate and cyclohexane
(1:1;
washed with water (twice) for removing of the residual

v/v) as solvent. Initially, reaction mixture was

sodium nitrite and p-TsA and then with ethanol to
remove the unreacted p-nitroaniline. Spectroscopic data’s
and physical properties of the obtained azo dyes have
been compared with their authentic samples and are
summarized in Table 2. All the prepared azo dyes have
decomposed up to 200 °C.

3. Results and discussion

In this article we provide a facile and novel route for the
synthesis of azo dyes by grinding in the presence of solid
sodium nitrite (NaNO,) and p-TsA as an acidic catalyst
at 0 °C with good yields (50-80%). In this process,
grinding of four components mixture, the electron-donor
compounds (as a coupling agent), aniline derivative,
sodium nitrite and p-TsA formed a colorful reaction
mixture. Electron-donor compounds (la-e) coupled with
the diazotized 0-(3), m-(4) and p-nitroaniline (5) and
were afforded the corresponding azo dyes (6a-e—8a-e)
(Scheme 1). The yield of azo dyes was improved by
increasing of the electron-donor ability of coupling

progress was monitored by thin layer chromatography agents.
SO,H ITD
NaNO,, 0°C NS
Electron-donor a2, ~N
compounds .
grinding
TN
G_
G: 0-NO, (3 [
m-NO, (4) =
- p-NO; (5)
pTsA(2) G: 0-NO, (6)
m-NO, (7)
p-NO, (8)

Scheme 1: Diazotization of aniline derivatives and coupling reaction with electron-donor compounds (1a-e) in the
presence of solid sodium nitrite and 2 by grinding.

Prog. Color Colorants Coat. 2(2009), 61-70
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The proposed mechanism for acid-catalyzed diazo
coupling reaction of diazonium salt of p-nitroaniline 5
with barbituric acid (1a) in the presence of solid NaNO,
was depicted in Scheme 2. Initially, p-TsA was converted
to sodium p-toluenesulfonate and nitrous acid in the
presence of NaNO,. In the next step, nucleophilic
addition of amino group of 5 was done by nitrous acid to
produce intermediate SA. Elimination of two molecules
of water from 5A produced diazonium salt 5C. Finally,
the nucleophilic attack of barbituric acid 1a to 5C forms
azo dye 8a. The reaction mixture became moist due to
releasing of water during the decomposition process.
This observation confirmed the proposed mechanism in
Scheme 2.

3.1. Spectral characteristics

'H NMR spectrum of the crude reaction mixture of 5-(4-
nitro-phenylazo) pyrimidine-2, 4, 6-trione (8a) showed
two doublets at 6 7.79 and 8.32 ppm (J = 9.3 Hz), two
amide protons and a highly deshielded NH/OH proton
appeared at 6 11.42, 11.65 and 13.95 ppm, respectively,
which all are comprised by "H NMR data of authentic
sample (Figure 1 and Table 2).
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2 p-TsA-sodium salt
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Figure 1: "H NMR (300 MHz, DMSO-ds) spectrum
of the 8a obtained by grinding after
washing with water then with ethanol,
as the representative (a), is compared
with the spectrum of pure 8a obtained
under the solvent condition (b).
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-
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Scheme 2: The proposed mechanism of acid catalyzed and diazo coupling reactions by grinding. (The mechanism is
assigned to compounds 5 and 1a, as the representatives).
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Table 1: Diazotization and diazo coupling reactions of some electron-donor compounds (1a-e) with p-nitroaniline (5)
catalyzed by p-TsA as the representative.

Azo Coupling agent
Product Appearance %Yield"
dyes (electron-donor)
(0]
O,N ON\\ NH
N >= e}

Yellow 70
NH
(0]
s (@)
L ON @N \ NH
\
8b HN™ “NH N >:5 Yelow-orange 70
NH
OMO o)
0] I} /C Hs
HsC JJ\ _~CHs OzN@N\\ X
8c N N N >:0 Yellow 50
M .
0 0 0" ony
Was
H
8d QO \[\\I @OH Brown 70

2 -
8e U \l\\l oH Orange-brown 80

a) Yields refer to isolated compounds.

Table 2: Spectroscopic data of some selected azo dyes in DMSO-ds as the representative.

IR (KBr, cm’™): 3447.85 (m), 3072.32 (s), 1747.31 (s), 1679.78 (s), 1643.32 (m), 1488.16 (s), 1328.62
(s), 1229.67 (s), 813.81 (s)

'H NMR (300 MHz, DMSO-dq): 15.18 (s, 1H), 11.70 (s, 1H), 11.48 (s, 1H), 8.261 (dd, J,= 8.4 Hz, J, =
1.2 Hz 1H), 8.08 (d, /= 7.8 Hz, 1H), 7.88 (t, /= 7.5 Hz, 1H), 7.38 (td, J; = 7.8 Hz, J, = 1.2 Hz).

PC NMR (75 MHz, DMSO-d;): 161.85 (CO), 159.86 (CO), 150.17 (CO), 138.00 (C), 137.03 (C-H),
135.93 (C), 126.48 (C-H), 125.17 (C-H), 122.69 (C), 117.60 (C-H).

6a

IR (KBr, em’): 3633.07 (m), 3504.99 (m), 3137.79 (s), 1720 (s), 1700 (s), 1668.53 (s), 1606.06 (s),
1583.33 (s), 1467.49 (s), 1217.17 (5).

"H NMR (300 MHz, DMSO-dy): 15.23 (s, 1H), 12.76 (s, 1H), 12.59 (s, 1H), 8.27 (dd, J, = 8.4 Hz, J, =
0.9 Hz 1H), 8.08 (d, J = 8.4 Hz, 1H), 7.90 (t, J= 7.2 Hz, 1H), 7.41 (td, J, = 7.8 Hz, J, = 1.2 Hz).

3C NMR (75 MHz, DMSO-dy): 178.28 (CS), 159.78 (CO), 158.31 (CO), 137.73 (C), 137.06 (C-H),
136.15 (C), 126.52 (C-H), 125.58 (C-H), 123.19 (C), 117.80 (C-H).

6b

64 Prog. Color Colorants Coat. 2(2009), 61-70
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Spectral data

6¢

Ta

7b

Tc

8a

8b

Table 2: Continue.

IR (KBr, cm™): 3440.00 (bm), 3088.92 (m), 2950.00 (w), 2925.00 (w), 1736.95 (s), 1680.80 (s),
1647.45 (s), 1491.56 (s), 1337.86 (s), 1230.70 (s), 747.16 (s).

'"H NMR (300 MHz, DMSO-d¢): 15.23 (s, 1H), 8.29 (d, J = 8.4 Hz, 1H), 8.10 (d, J = 8.1 Hz, 1H), 7.91
(t,J=7.8 Hz, 1H), 7.41 (1, J= 8.1 Hz, 1H), 3.24 (s, 3H), 3.23 (s, 3H)

3C NMR (75 MHz, DMSO-dy): 160.31 (CO), 158.75 (CO), 150.92 (CO), 137.82 (C), 137.08 (C-H),
136.10 (C), 126.51 (C-H), 125.44 (C-H), 121.90 (C), 117.66 (C-H), 28.74 (CH3), 27.93 (CH;).

IR (KBr, cm™): 3194.63 (s), 3074.07(s), 1755.13 (s), 1729.67 (s), 1665.42 (s), 1519.42 (s)1355.94 (s),
1249.74 (s), 814.03 (s).

"H NMR (300 MHz, DMSO-d,): 13.92 (bs, 1H), 11.39 (bs, 2H), 8.44 (t, /= 2.1 Hz, 1H), 8.03 (d, J=2.1
Hz, 1H), 8.00 (d, J= 2.1 Hz, 1H), 7.71 (t, J = 8.4 Hz).

3C NMR (75 MHz, DMSO-ds): 162.02 (CO), 160.09 (CO), 150.20 (CO), 149.11 (C), 143.42 (C),
131.44 (C-H), 123.32 (C-H), 120.10 (C-H), 119.88 (C), 111.40 (C-H).

IR (KBr, cm™): 3194.63 (s), 3074.07(s), 1755.13 (s), 1729.67 (s), 1665.42 (s), 1519.42 (s)1355.94 (s),
1249.74 (s), 814.03 (s).

"H NMR (300 MHz, DMSO-dy): 13.92 (bs, 1H), 11.39 (bs, 2H), 8.44 (t, J= 2.1 Hz, 1H), 8.03 (d, J=2.1
Hz, 1H), 8.00 (d, J=2.1, 1H), 7.71 (t, J = 8.4).

3C NMR (75 MHz, DMSO-dy): 178.16 (CS), 159.83 (CO), 158.55 (CO), 149.09 (C), 143.23 (C),
131.49 (C-H), 123.61 (C-H), 120.58 (C), 120.49 (C-H), 111.78 (C-H).

IR (KBr, cm™): 3436.00 (bs), 3100.00 (w), 2920.00 (w), 2960.00 (w), 1727.63 (s), 1677.71 (s), 1648.60
(s), 1516.46 (s) 1451.76 (s), 1352.64 (s), 1245.80 (s), 750.75 ().

"H NMR (300 MHz, DMSO-d): 14.023 (s, 1H), 8.50 (t, J = 2.1 Hz, 1H), 8.06 (m, 2H), 7.73 (t, J = 8.4
Hz, 1H), 3.22 (s, 6H).

3C NMR (75 MHz, DMSO-dy): 160.32 (CO), 158.96 (CO), 151.01 (CO), 149.12 (C), 143.43 (C),
131.48 (C-H), 123.46 (C-H), 120.29 (C-H), 119.26 (C), 111.65 (C-H), 28.64 (CH3), 27.73 (CH).

IR (KBr, cm™): 3569.22 (s), 3460.47 (s), 3202.46 (s), 3064.62 (m), 1710.99 (s), 1697.96 (s), 1670.99,
(m), 1611.43 (m), 1510.06 (s), 1446.78 (s), 1336.69 (s), 1246.96 (s).

"H NMR (300 MHz, DMSO-dq): 13.95 (bs, 1H), 11.65 (bs, 1H), 11.42 (s, 1H), 8.32 (d, J= 9.3 Hz, 2H),
7.79 (d, J = 9.3 Hz, 2H).

3C NMR (75 MHz, DMSO-d): 162.00 (CO), 159.97 (CO), 150.20 (CO), 147.44 (C), 144.29 (C),
126.07 (C-H), 121.29 (C), 117.17 (C-H).

IR (KBr, cm’): 3524.00 (s), 3434.03 (s), 3257.04 (s), 3088.14 (s), 1705.60 (s), 1664.05 (s), 1609.92 (s),
1494.20 (s), 1339.63 (s), 1240.07 (s).

'"H NMR (300 MHz, DMSO-d¢): 14.03 (s, 1H), 12.69 (s, 1H), 12.53 (s, 1H), 8.32 (d, J = 9.3 Hz, 2H),
7.81 (d, J=9.3 Hz, 2H).

BC NMR (75 MHz, DMSO-dy): 178.23 (CS), 159.85 (CO), 158.42 (CO), 147.17 (C), 144.56 (C),
126.05 (C-H), 121.86 (C), 117.54 (C-H).

Prog. Color Colorants Coat. 2(2009), 61-70
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Table 2: Continue.

Spectral data

IR (KBr, cm’™): 3399.72 (bw), 3082.44 (m), 2943.78 (w), 2900.0 (w), 1730.66 (s), 1681.01 (s), 1643.49
(s), 1517.90 (s), 1455.18 (s), 1343.52 (s), 1248.28 (s), 746.58 (s).
"H NMR (300 MHz, DMSO-dj): 13.99 (s, 1H), 8.32 (d, J = 9.0 Hz, 2H), 7.83 (d, J = 9.0 Hz, 2H), 3.23

8c
(s, 3H), 3.21 (s, 3H).
C NMR (75 MHz, DMSO-dy): 160.50 (CO), 159.79 (CO), 150.75 (CO), 145.49 (C), 143.95 (C),
126.06 (C-H), 119.09 (C) 117.39 (C-H), 28.70 (CHs), 27.80 (CHa).
IR (KBr, cm™): 3413.45 (m), 1604.42 (m), 1585.47 (s), 1504.07 (s), 1336.12 (s), 1282.93 (m), 1139.09
(s), 1108.58 (w).
'H NMR (300 MHz, DMSO-d;): 10.56 (s, 1H), 8.35 (d, J = 8.4 Hz, 2H), 7.94 (d, J = 8.4 Hz, 2H), 7.84
5d (d, /=8.4 Hz, 2H), 6.94 (d, J = 8.4 Hz, 2H).
C NMR (75 MHz, DMSO-dj): 162.75 (C), 155.98 (C), 148.18 (C), 145.82 (C), 126.22 (C-H), 125.43
(C-H), 123.40 (C-H), 116.65 (C-H).
IR (KBr, cm™): 3467.92 (m), 1602.42 (m), 1526.61 (s), 1503.24 (s), 1342.03 (m), 1271.31 (m), 1140.41
(s).
ge 'H NMR (300 MHz, CDCl3): 8.71 (t, J = 1.8 Hz, 1H), 8.28-8.32 (m, 1H), 8.23 (t, J = 7.2 Hz, 1H), 7.95

(d, J= 8.7 Hz, 2H), 7.69, (t, J = 8.1 Hz, 1H), 6.99 (d, J = 8.7 Hz, 2H), 5.37 (bs, 1H, OH).
13C NMR (75 MHz, CDCLy): 163.66 (C), 157.03 (C), 150.97 (C), 149.07 (C), 132.82 (C), 130.54 (C-H),
127.19 (C-H), 121.60 (C-H), 109.81 (C-H), 103.44 (C-H).

The (NH/OH) signal of the dyes released from o-
nitroaniline (3) are deshielded more than those of m- (4)
and p-nitroaniline (5), due to bifurcated intramolecular
hydrogen bonds which are examples of hydrogen bonds
involving one proton and two acceptors [13,14]. For
instance, the "H NMR spectra of dyes 6a, 6b and 6¢ show
a signal at 0 15.18, 15.23 and 15.23 ppm, respectively.
These chemical shifts may be attributed to bifurcated
hydrogen bonded NH/OH protons (Scheme 3 and Table
2).

The 'H-"C HETCOR
obviously, two doublets at J 7.79 and 8.32 ppm which

spectrum of 8a shows
are in correlation with two carbon-13 signals at 6 117.17
and 126.07 ppm, respectively (Figure 2). The 'H-'H
COSY spectrum of the crude 8a shows a doublet at ¢
7.79 ppm which is in correlation with doublet at ¢ 8.32
ppm. These observations are the other evidences for the
formation of 8a under the solvent free condition.

The azo-dyes prepared in this study may exist in
tautomeric forms (A and B) as shown in Scheme 4. The

Prog. Color Colorants Coat. 2(2009), 61-70

infrared spectra of A and B (for 8a as representative)
show three intense carbonyl absorptions at 1711, 1698
and 1671 cm’ for A and at 1730 and 1681 cm™ for B.
Two absorptions at 3569 and 3460 cm™ (broadened) are
due to the frequency of O—H vibrations, and correspond
to intermolecular and intramolecular hydrogen bonds of
hydroxyl groups for A, respectively (forms II and III). A
broadened bond at 3400 cm™ is also attributed to the
intramolecular hydrogen bond of hydroxyl groups for B
(form II). Therefore, on the basis of IR data, we conclude
that they may exist in various tautomeric forms (II, III
and IV of A) in the solid state [15, 16]. The broad bands
in the region of 3064-3202 cm™ are due to the frequency
of N—H vibration. The low frequency and the broadening
of these bands suggest that these compounds have strong
hydrogen bonds (N—H/O) in the solid state [17-22]. The
other characteristic peaks of the B appearing at 1643 and
1344 cm™ are attributed to the frequencies of C=N and
C—N groups, respectively.
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NO,
Lactam-hydrazone
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U]
R=H, X= 0O (6a)
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R= CHs3, X= O (6¢)

Scheme 3: Existence of bifurcated intra-molecular hydrogen bonds in dyes 6a-c.

__—Unreacted 5 —

T T T T
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R e e e
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Figure 2: Expanded 'H-">C HETCOR spectrum of the mixture of 5 and 8a in aromatic region (after washing with
water and removing the residual of 1a and p-TsA).

It is well known that hydrogen bonded OH proton
resonance appears at lower field than that of the NH
proton. Furthermore, Song et al. [15, 23] have reported
that azo pyrimidine derivatives exist in the azo form in

the absolute solvents. Therefore, it may be concluded that
these compounds exist in the azo form (III) in solutions.
For example, in the '"H NMR spectrum of A in 6a, the
two singlets at 6 11.70 and 11.48 ppm are due to NH

Prog. Color Colorants Coat. 2(2009), 61-70 67
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protons at 1- and 3-positions of the pyrimidine ring.
Appearance of the two characteristic singlets for the CHj
groups at the 1- and 3-positions of the pyrimidine ring at
0 3.24 and 3.23 ppm for 6¢ and at  3.23 and 3.21 ppm
for 8c,
tautomeric forms in DMSO as solvent (forms II and III

indicate that these compounds exist in two

of B) (Scheme 4). Instead, the appearance of a singlet for
CHj; groups in 7c¢ at 0 3.22 ppm indicates that two methyl
groups are equivalent in chemical shift which are based

o

—_—
-

N
N7

Ar Ar

Lactam-azo (l)
(Keto-azo)

1»0
1o A

I-O

Ar Ar

Lactim-hydrazone (V)
(Keto-enol-hydrazone)

Lactam-hydrazone (IV)
(Keto-hydrazone)

Tautomeric forms of 6a-8a (A)

(o]
HaC /”\ CHs
NN N
[—
~
O)\(go o
_N

I N

Ar
Lactam-azo (l) o~
(Keto-azo) '
SN

NP

A

Lactam-lactim-azo (ll)
(Keto-enol-azo)

on our experiments (Table 2).

We performed diazotization and diazo coupling of
phenol, 1d and resorcinol, le in the presence of p-TsA,
aniline derivatives and sodium nitrite by grinding
(Schemes 1 and 5).

The structures of azo dyes 8a-¢, and their appearance
and yields are summarized in Table 1. The spectroscopic
data of the azo dyes 6a-c, 7a-c and 8a-¢ are summarized
in Table 2.

OH

N/A
™

— N
= |

OH

//N

Ar

Lactim-azo (lll)
(Enol-azo)

o}
H3C /lk CH
~N N~
=
N \']'/
/ Ar
(0] Lactam-lactim-azo (Il
(Keto-enol-azo)

Ar
Lactam-hydrazone (lll)

(Keto-hydrazone)

Tautomeric forms of 6¢-8¢ (B)

Ar = 0-NOy, m-NO,
and p-NO,CgHy-

Scheme 4: Tautomeric forms of some azo dyes based on barbituric acids [24, 25].

Prog. Color Colorants Coat. 2(2009), 61-70



Diazotization of Aniline Derivatives and Diazo Couplings in the...

OH
OH
p-TsA, NaNO,, 5 G
grinding, 0°C N¢N
G
G =H (1d)
G =0H (1e)
NO,
G =H (8d)
G =OH (8e)

Scheme 5: Diazo coupling of phenol 1d and resorcinol 1e with diazonium salt of 5 catalyzed by p-TsA and

followed by grinding.

4. Conclusions

We have developed an efficient “green” method for the

synthesis of azo dyes based on electron-donor
compounds, aniline derivatives, sodium nitrite and p-TsA
by grinding in good yield. Diazotization of amino group
in ortho-, meta- and para-nitroaniline catalyzed by p-
TsA in the presence of sodium nitrite. The yields increase
with increasing of electron-donor ability of coupling

agent. This method totally avoids the use of strong
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