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ABSTRACT

Various monoazo reactive dyes have been synthesized by coupling of diazotized o-anisidine with
various 4-(4’-methoxyphenyl)-6-phenylpyrimidin-2-yl-amino cyanurated coupling components such
as H-acid, Gamma acid, J-acid, S-acid, Koch acid , Bronner acid, Tobias acid, Cleve acid, Peri acid
and Laurant acid. They were characterized by nitrogen elemental analysis, IR and *HNMR spectra.
The dyeing performance of all these dyes on silk, wool and cotton has also been assessed.
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INTRODUCTION

Reactive dyes constitute a very important class for dyeing cellulosic fiber and a high rate of growth is
predicted in future. These dyes are coloured compounds which contain one or two groups capable of
forming covalent bonds between a carbon or phosphorous atom of the dye ion or molecule and an
oxygen, nitrogen or sulphur atom of a hydroxyl, an amino or a mercapto group, respectively, of the
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substrate. Such covalent bonds are formed with the amino, hydroxyl groups of cellulosic fibers, with
the amino, hydroxyl and mercapto groups of protein fibers and with the amino groups of polyamides
[1]. In general, reactive dyes are the only textile colour designed to bond covalently with the substrate
on application. They are used for the dyeing and printing of cellulose and to a lesser extent polyamide
fibers. They are valued for their brilliance and variety of hue, versatility and high wet fastness
profiles.

The first commercial reactive dyes for cellulose were synthesized by Rattee and Stephen and
marketed by ICI in 1956 under the trade name Procion M [2-7]. Several new reactive systems have
been introduced from time to time, which covers the subject of innumerable patents and publications
[8-10]. Over the last decade a number of major changes have been taken place, primary
aimed at minimizing the major weakness of reactive dyes for facilitating new application
condition. In this period, monoazo reactive dyes [11-13] and bisazo reactive dyes [14-16] have been
established as a major group for fixation to cellulose.

MATERIALS AND METHODS

The melting points of the compounds were determined using open capillary and are uncorrected. The
purity of dyes was determined by thin- layer chromatography using silica gel-G coated Al plates. IR
spectra were recorded on SHIMADZU, Model: FTIR 8400S using KBr pellets. *"H NMR spectra were
obtained on Bruker Avance-1l 400 NMR spectrometer using D,O solvent and TMS as internal
reference (chemical shifts in o, ppm).

Step-1: Synthesis of 3-(4’-methoxyphenyl)-1-phenylprop-2-en-1-one [17]: To a stirred mixture of
acetophenone (1.2015 g, 0.01 mol) and 4-methoxy benzaldehyde (1.3615 g, 0.01 mol) in absolute
ethanol (10.0 mL), sodium hydroxide (10% w/v, 10.0 mL) was added dropwise and continues stirring
for two hours at room temperature and allowed to stand reaction mixture for 12 h. The content was
then poured over crushed ice and acidified with dilute hydrochloric acid. Filtered the precipitate, and
washed with cold ethanol, dried and recrystallized from ethanol, Yield 87%, m.p 79°C.
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Acetophenone p-Methoxy benzaldehyde
10% NaOH
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3-(4'-Methoxyphenyl)-1-phenylprop-2-en-1-one

Step 1. Synthesis of 3-(4’-methoxyphenyl)-1-phenylprop-2-en-1-one.

Step-2: Synthesis of 2-amino-4-(4’-methoxyphenyl)-6-phenylpyrimidine [18]: A mixture of
substituted chalcone (2.38 g, 0.01 mol) and guanidine nitrate (1.22 g, 0.01 mol) was dissolved in
ethanol (30 mL). Aqueous solution of sodium hydroxide (40%, 1.0 ml) was added and the reaction
mixture was refluxed. Further installments of sodium hydroxide (4x1 mL) were added during two
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hours to the refluxing solution. Refluxing was continued (10-12 h) and the completion of the reaction
was monitored by TLC. The resultant mixture was cooled at room temperature, diluted with water (3
x 100 mL) and neutralized with cold dilute HCI (10%). The product thus separated was filtered out,
washed with water dried and crystallized from ethanol, Yield : 85%, m.p: 92°C. Found: N, 15.13%,
required: 15.16%.

C—CH=CH OCHjs
3-(4'-Methoxyphenyl)-1-phenylprop-2-en-1-one

Guinidine nitrate C,Hs0OH

Reflux 12-14 Hrs. 40% NaOH

Y N' :N Qo
T

NH,

2-Amino-4-(4'-methoxyphenyl)-6-phenylpyrimidine

Step 2. Synthesis of 2-amino-4-(4’-methoxyphenyl)-6-phenylpyrimidine.

Step-3:Diazotization of o-anisidine [19]: o-Anisidine (1.23 g, 0.01 mol) was suspended in water
(120 mL). Hydrochloric acid (1.09 g) was added dropwise to this well stirred suspension. The mixture
was gradually heated up to 70°C, till clear solution obtained. The solution was cooled at 0-5°C in an
ice bath. A solution of NaNO, (1.38 g) in water (8 ml) previously cooled to 0°C, was then added over
a period of five minutes with stirring. The stirring was continuous for an hour, maintaining the same
temperature, with positive test for nitrous acid on starch iodide paper. After just destroying excess of
nitrous acid with require amount of a solution of sulphamic acid. The clear diazo solution at 0-5°C
was used for subsequent coupling reaction.

OCHj3 o OCHjs
Diazotisation
NaNO, / HCI ® (S)
NH, ' e N=NCI
0-5°C
o-Anisidine 2-Methoxy benzene diazonium chloride

Step 3. Diazotization of o-anisidine.
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Step-4: Synthesis of 4-(4’-methoxyphenyl)-6-phenylpyrimidin-2-yl-amino cyanurated H-acid: It
consists two steps: 1. Cyanuration of H-acid, 2. Condensation with 2-amino-4-(4’-methoxyphenyl)-6-
phenylpyrimidine.

Cl
N=<
OH NH, OH HN—<\ /N
CIYNYCI Acetone N
ORI ey O O
= 50,
HO3S SOzH 0-5%c HO3S SO3H
Cl pH 7.0
H-acid Cyanuric chloride Cyanurated H-acid

Step 4. Synthesis of 4-(4’-methoxyphenyl)-6-phenylpyrimidin 2- amino cyanurated H-acid
1.Synthesis of cyanurated H-acid

Cyanuration of H-acid: Cyanuric chloride (1.85 g, 0.01 mol) was stirred in acetone (25 mL) at a
temperature below 5°C for a period of an hour. A neutral solution of H-acid (3.19 g, 0.01 mol) in
aqueous Na,COs solution (10% wi/v) was then added in small lots in about an hour. The pH was
maintained neutral by simultaneous addition of sodium carbonate solution (1% w/v). The reaction
mass was stirred at 0-5°C for further 4 h then clear solution was obtained. The cyanurated H- acid
solution was used for subsequent coupling reaction.

Condensation with 2-amino-4-(4’-methoxyphenyl)-6- phenyl pyrimidine: The temperature of ice-
cooled well stirred solution of cyanurated H-acid was gradually raised to 45°C for half an hour. To
this cyanurated H-acid, the 2-amino-4-(4’-methoxyphenyl)-6-phenylpyrimidine (2.77g, 0.01 mol)
dissolve in acetone was added dropwise at same temperature, during a period of 30 min, maintaining
the pH neutral by simultaneous addition of sodium bicarbonate (1% w/v). After the addition was
completed, stirring was continued for further 3 hours. The 4-(4’-methoxyphenyl)-6-phenylpyrimidin-
2-yl-amino cyanurated H-acid solution thus obtained was subsequently used for further coupling

reaction.
TS O
N\|¢N

NH,

Cl

Cyanurated H-acid 2-Amino-4-(4'-methoxyphenyl)-6-phenylpyrimidine

45°C
Acetone pH 7.0

Cl

OCHs

()

N=<
OH HN—< N N
“OO \N / NH—<\N /
O

4-(4'-Methoxyphenyl)-6-phenylpyrimidin-2-yl-amino cyanurated H-acid

2. Synthesis of 4-(4’-methoxyphenyl)-6-phenylpyrimidin-2-amino cyanurated H-acid
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Step-5: Synthesis of monoazo reactive dyes

Coupling of diazo solution with 4-(4’-methoxyphenyl)-6-phenylpyrimidin-2-yl-amino cyanura-
ted H-acid: To an ice cold and stirred solution of 4-(4’-methoxyphenyl)-6-phenylpyrimidin-2-yl-
amino cyanurated H-acid, a freshly prepared solution of diazo solution as previously prepared added
dropwise over a period of 10-15 min. The pH was maintained at 7.5 to 8.5 during addition stirring was
continued for 4 h, maintaining the temperature below 5°C. Sodium chloride (12 g) was then added
and the mixture was stirred for an hour. The solid purple dye separated out was filtered, washed with
minimum amount of acetone and dried at room temperature, Yield 84%. Found: N, 14.20 %, required:
14.22 %.

OCH3

CI
OH HN—<\ / Q

OCHg N=—

®® ' OO NH \ /
N—NCI
HO3S SOsH !

Diazotized o-anisidine

4-(4'-Methoxyphenyl)-6-phenylpyrimidin-2-yl-amino cyanurated H-acid

Coupling reaction
pH7.5

0-5°C

Synthesis of D;

OCH3 cl
N N=< Q
N=N R—<\ y N
—
NH

OCHj

N=—
\_7

&

Where, R = Various coupling components such as Gamma acid, J-acid,
S-acid, Koch acid,Bronner acid, Tobias acid, Cleve acid, Peri acid and Laurant acid.

Step 5. Coupling reaction of diazotized o-anisidine with 4-(4’-methoxyphenyl)-6-phenyl-
pyrimidin-2-yl-amino cyanurated H-acid :
Synthesis of D;to Dyy:

RESULTS AND DISCUSSION
Visible absorption spectra: The visible absorption spectra of all synthesized dyes have been

recorded on in water and observed in the range of 547-425 nm. The colour observed for each dye is
due to the oscillation of electrons and presence of substituents.
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IR spectra: IR Spectra of D, showed O-H stretching vibration of -OH group at 3451cm™, N-H
stretching vibration of -NH-group at 3310 cm™, C-H stretching vibration of-OCH; group at 2820
cm™, C=C stretching vibration of aromatic ring at 1490 cm™and 1660 cm™, C-N stretching vibration
of tertiary amine at 822 cm™,880 cm™ and 1420 cm™, N=N stretching vibration of azo group at 1445
cm™, S=0 stretching vibration of-SO3;Na group at 1035 cm™,1176 cm™and 1260 cm™, S=0 stretching
vibration of SO, group at 1130 cm™and C-Cl stretching vibration at 780 cm™.

IR Spectra of D, showed O-H stretching vibration of -OH group at 3464 cm™, N-H stretching
vibration of -NH- group at 3220 cm™, C-H stretching vibration of ~-OCHj; group at 2840 cm™, C=C
stretching vibration of aromatic ring at 1490 cm™ and 1662 cm™, C-N stretching vibration of
tertiary amine at 847cm™, 880 cm™ and 1420 cm™, N=N stretching vibration of azo group at 1456
cm?, S=O stretching vibration 0f-SOsNa group at 1040 cm™, 1180 cmand 1262 cm™, S=O
stretching vibration of SO, group at 1117 cm™and C-Cl stretching vibration at 780 cm™.

IR Spectra of Dg showed O-H stretching vibration of -OH group at 3460 cm™, N-H stretching
vibration of -NH- group at 3240 cm™, C-H stretching vibration of ~-OCHj; group at 2820 cm™, C=C
stretching vibration of aromatic ring at 1490 cm™ and 1660 cm™, C-N stretching vibration of
tertiary amine at 847 cm™, 882 cm™ and 1410 cm™, N=N stretching vibration of azo group at 1445
cm?, S=O stretching vibration of-SOsNa group at 1030 cm®, 1176 cm™ and 1260 cm™, S=O
stretching vibration of SO, group at 1117 cm™and C-Cl stretching vibration at 780 cm™.

'HNMR spectra: '"HNMR Spectra of dye Dg showed signals at 2.77(s, 6H,-OCHs protons, 4.72(s,
2H,-NH- protons) and 6.8-8.30 (m,19H, aromatic protons).

APPLICATION

Dyeing of fibers: All the dyes were applied on silk, wool and cotton fibers by using the standard
procedures [20] (Table 1).

Table 1. Characterization of monoazoreactive dyes

OCH,

<§H3 o Q

N—
N=N—R—-<\N—/<N N

NH \N /
&

Where, R = various coupling components

Mol. %Nitrogen

Coupling component - Yield R¢
Dye No. (R) Molecular Formula \évﬁ:glhlt %) | Found | Required | Value
D, H-acid C37H2609NgCIS;Na, 886 85%  14.20 14.22 0.39
D, Gamma acid C37H»706NgCISNa 784 83%  16.04 16.07 0.42
D3 J-acid Cs7H»706NgCISNa 784 83%  16.03 16.07 0.45
D, S-acid Cs7H»706NgCISNa 784 79%  16.05 16.07 0.39
Ds Koch acid C37H2609NgCIS;Na, 886 82%  14.19 14.22 0.38
Dsg Bronner acid C37H»7,05NgCISNa 768 84% 16.37 16.40 0.41
D, Tobias acid Ca7H230,NoCl 666 85%  18.89 18.92 0.44
Dg Cleves acid C37H»705NgCISNa 768 83%  16.37 16.40 0.38
Dy Peri acid Cs7H»705NgCISNa 768 80%  16.36 16.40 0.36
Dy Laurent acid C37H,705NgCISNa 768 78%  16.38 16.40 0.41
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Exhaustion and Fixation study: The percentage exhaustion of 2% dyeing on silk fiber ranges from
67.70-75.92 %, for wool ranges from 67.22-74.62 % and for cotton ranges from 68.57-75.40 %. The
percentage fixation of 2% dyeing on silk fiber ranges from 87.36-91.94 %, for wool ranges from
87.02-91.60 % and for cotton ranges from 87.85-91.48% (Table 2).

Table 2. Dyeing performance of Dyes D;to Dy

Shagje Shade Shade % Exhaustion % Fixation
Dye No. on silk on wool on cotton

fiber fiber fiber S | W | C S | W | C
D, Maroon Wine red Light pink  75.92 68.77 70.02 90.87 91.60 90.68
D, Reddish brown Dark brown Brown 67.97 7172 7540 91.94 89.22 89.52
D; Light maroon Maroon Dark brown 7275 69.47 69.17 91.40 89.24 89.62
D, Brown Brown Light brown 70.70 67.22 70.47 90.52 87.02 90.10
Ds Yellow Yellow Light yellow 68.65 73.05 68.57 91.76 88.98 91.14
Dg orange Orange Light yellow 75.05 67.00 7295 91.27 88.05 90.47
D, Yellowish brown Yellow Light yellow 67.70 74.62 70.50 91.58 87.77 91.48
Dg Brown Yellowish brown  Light brown 7440 67.82 73.17 87.36 9141 88.82
Dy Light orange Light orange Light pink  70.67 70.97 72.27 90.55 89.46 87.85
Dy Orange Orange Light yellow 74.22 68.22 73.97 88.24 90.87 88.54

Fastness properties: Fastness to light was assessed in accordance with BS:1006-1978 [21]. The
rubbing fastness test was carried out by using Crock meter (Atlas) in accordance with the AATCC-
1961[22] and the wash fastness was carried out in accordance with 1S:765-1979 [23].

All the dyes show generally fair to good light fastness properties. The washing and rubbing fastness
properties ranges from very good to excellent fastness on silk, wool and cotton (Table 3).

Table 3. Fastness properties of dyes D1 to D10

. Rubbing fastness
Dye No Light Fastness | Wash fastness Dry e

slwl]c]s]w]c]s]w]c]s]w]Cc
D, 6 6 56 5 5 5 4 5 4 5 3 3-4
D, 5 56 45 5 4 4 5 4-5 5 4 5 4
Ds 6 6 4 5 5 4-5 4 3 4 4 4 3-4
D, 4 56 45 4 4 34 3 4 4-5 4 3 4
Ds 34 34 34 3 3 4 3 4 45 34 45 34
Dsg 4 5 4 34 34 45 34 5 4 34 4 3-4
D, 5 5 34 4 4 4 4 3 4 4 3 4
Dg 5 4 4 34 5 34 4 5 34 4 5 4-5
Dy 4 56 5 4 5 4 5 5 4 45 3 5
Do 4-5 5 4-5 5 3 4-5 4 3-4 4 4 4 4

Light fastness: 1-Poor , 2-Slight, 3-Moderate, 4-Fair, 5-Good, 6-Very good, 7-Excellent,
8- Maximum, Wash fastness: 1-Poor , 2-Fair, 3-Good, 4-Very good, 5-Excellent
Rubbing fastness: 1-Poor, 2-Fair, 3-Good, 4-Very good, 5-Excellent

CONCLUSION

o-Anisidine was diazotized and coupled with various 4-(4’-methoxyphenyl)-6-phenylpyrimidin-2-yl-
amino cyanurated coupling components gave corresponding monoazo reactive dyes (D; to Dy).
These dyes gave violet to yellow shade on silk, wool and cotton fibers and showed fair to good light
fastness, good to excellent fastness to washing and rubbing fastness. Exhaustion and fixation of these
dyes are very good in order. The presence of triazine group of dye molecule improves the exhaustion,
fixation and fastness properties.
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