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Synthesis and dyeing characteristics of
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Nine monoazo disperse dyes, 3-arylazo-8-nitro-2,4-dioxo- and 2,4-bis(morpholino/piperidino)-
pyrimido[1,2-a]benzimidazoles, and three monoazo disperse reactive dyes, 3-arylazo-2,4-dicbloro-8-
nitropyrimido[1,2-a]benzimidazoles were prepared and their dyeing performance on polyester and
polyamide was assessed. The dyeings on polyester had yellow shades with low pick-up, moderate
light fastness and good sublimation fastness and the dyeings on polyamide had orange shades with
low pick-up and moderate light fastness.
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1 Introduction
In recent years, many fused heterocyclic sys-

tems have been used in the synthesis of azo dyes.
The compact structure and extension of conjuga-
tion present in fused heterocyclic systems are val-
uable for the dyes in their application to synthetic
fibres. We have recently reported the incorpora-
tion of novel fused heterocycles, such as fused
quinoxalines 1.4, pyrazolotriazoles' and pyrimido
[1, 2-a] benzimidazoles=", in the synthesis of dis-
perse dyes and fluorescent brighteners and their
application to polyester. The synthesis and appli-
cation of azo disperse dyes, derived from pyri-
dine!", naphthalimide", quinoxaline'P, coumarin'?
and benzo [b) thiophene", and of azo disperse
reactive dyes derived from pyridine" and pyrimi-
dine!" have been reported earlier. In the present
study, monoazo disperse dyes and disperse reac-
tive dyes have been synthesized using pyrimido
[1, 2-a] benzimidazole and their spectral propert-
ies and dyeing performance on polyester and po-
lyamide have been examined.

2 Materials and Methods
2-Amino-5-nitrobenzimidazole (I), prepared by

the reported method 17, was condensed with di..
ethylmalonate in refluxing ethanol to get 8-nitro-
2, 4-dioxopyrimido [1, 2-a] benzimidazole (II) in
excellent yield (92%). The coupling component II
was coupled with aryldiazonium salts (III) derived
from p-toluidine, p-anisidine and p-nitroaniline in

weakly alkaline conditions to get 3-arylazo-
8-nitro-2, 4-<lioxopyrimido [1, 2-a] benzimida-
zoles (IV). These 3-arylazo- 2, 4-dioxo dyes (IV)
were refluxed with excess phosphorus oxychloride
to get 3-arylazo-2, 4-dichloro-8-nitropyrimido [1,
2-a] benzimidazoles (V). The 3-arylazo-2, 4-dich-
loro dyes (V) were reacted with refluxing mor-
pholine/piperidine to get 3-arylazo-2, 4-bis(mor-
pholino/piperidino)-8-nitropyrimido [1, 2-a] ben-
zimidazoles (VI).
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2.1 Preparation of 8-nitro-2, 4-dioxopyrimido [1, 2-aj
benzimidazole (II)

Diethylmalonate (16.0 g, 0.1 mol) was added to
2-amino-5-nitrobenzimidazole (I, 17.8 g, 0.1 mol)
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dissolved in ethanol (50 mI) and the mixture was
refluxed until the reaction was complete (2h,
monitored by 11.£). The reaction mixture was
cooled to room temperature and the separated
solid was filtered, washed with ethanol, dried and
recrystallized from formic acid-water to give n as
pale yellow crystals (22.6 g, 92%) m.p. > 300°C
(Found: C, 48.3; H, 2.3; N, 22.7%. ClOH6N404 re-
quires C, 48.8; H, 2.4; and N, 22.8%).

Z.Z Preparation of 3-arylazo-8-nitro-Z, 4-dioxopyrimido
(I, Z-a! benzimidazoles (IV)

A mixture of arylamine (0.02 mol), cone. hy-
drochloric acid (12 mI, 30% solution) and water
(8 mI) was heated on a water-bath to obtain a
clear solution. To this solution, cooled at 0-5°C,
sodium nitrite (1.45 g, 0.021 mol) dissolved in
water (to mI) was added in 30 min with stirring.
The mixture was stirred for 1 h and the excess ni-
trous acid was removed by the addition of urea
(0.2 g) and the mixture was filtered to get a clear
diazo solution. This aryldiazonium salt solution
was gradually added to a fine suspension of n
(4.92 g, 0.02 mol) in sodium carbonate solution
(300 mI, 30%) at 0-5°C in 30 min, maintaining
the pH at 9 during coupling. The stirring was
continued until the aryldiazonium salt solution
was consumed (4-5 h, spot test with alkaline

H-acid solution). The mixture was neutralized
with dil. hydrochloric acid (10% solution) and the
separated dye was filtered, washed with water,
dried and recrystallized from ethanol (Table 1).

Z.3 Preparation of 3-arylazo-Z, 4-dichloro-8-nitropyrimido
(I, Z-al benzimidazoles (V)

A mixture of dye IV (0.02 mol) and phosphorus
oxychloride (40 mI, 0.43 mol) was gently refluxed
until the reaction was complete (8 h, monitored
by 11.£). Most of the excess phosphorus oxychlo-
ride was vacuum distilled and the remaining mix-
ture (about to mI) was added to crushed ice
(about 300 g) with vigorous stirring. The separat-
ed dye was filtered, washed with water, dried and
recrystallized from benzene (Table 1).

Z.4 Preparation of 3-arylazo-Z, 4-bis(morpholino/piperidi-
no)-8-nltropyrimido (1, Z-a! benzimidazoles (VI)

A mixture of dye V (0.01 mol) and morpholine
(to mI) or piperidine (to mI) was refluxed until
the reaction was complete (3 h, monitored by
11.£). The mixture was cooled to room tempera-
ture and added to crushed ice (about 50 g). The
separated dye was filtered, washed with water,
dried and recrystallized from ethanol (Table 1).

Table 1 - Physical data of 3-arylazo-8-nitro-2,4-disubstituted pyrirnido[I,2-a)benzirnidazoles (IV-VI)

Compd" R Y Colour Yield m.p." Am •• log s Molecular
% ·C nm formula

IVa CH, Yellow 83 >300 416 3.97 C17H12N604

IVb OCH) Yellow 86 >300 418 4.01 C17H12N6OS

IVc NO, Yellow 88 >300 420 4.17 C,IiH9N7OIi

Va CH, Red 72 181 450 3.94 C17HIONIi02Cll

Vb OCH, Red 76 145 448 3.99 Cl7HlON603Cl2

Vc NO, Red 81 192 458 3.98 Cl6H7N704Cl2

Via CH) ° Yellow 74 141 404 4.09 C2sH,,,N804

VIb CH) CH2 Yellow 62 149 408 4.10 C,7HWN802

VIe OCH) ° Brownish yellow 69 171 412 4.12 C2sH2"N80S

VId OCH) CH, Brownish yellow 63 164 408 4.10 C27H)UN80)

VIe NO, ° Brownish yellow 72 139 408 4.14 C24H23Ng06

VIr N02 CH2 Brownish yellow 66 128 412 4.12 C26H27Ng04

I All compounds gave satisfactory elemental analyses.

"Melting points are uncorrected.
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Table 2 - Fastness properties of 3-arylazo-8-nitro-
2,4-disubstituted pyrimido[ 1,2-ajbenzimidazoles (IV-VI)

Dye Shade Pick-up Light Sublimation
fastness fastness

IVa Lemon yellow (PE) 1 3 4

IVb Lemon yellow (PE) 1 4 4

IVe Lemon yellow (PE) 1 4 4

Va Orange (PA) 1 3
Vb Orange (PA) 2 4

Ve Orange (PA) 3

Via Yellow (PE) 1 3 4

VIb Yellow (PE) 1 3 4

VIe Yellow (PE) 1 3 4

VId Yellow (PE) 1 4 4
VIe Yellow (PE) 1 3 3
VIr Yellow (PE) 1 4 4

PE - Polyester; and PA- Polyamide.

3 Results and Discussion
Table 1 shows that the yield of various 3-aryl-

azo-8-nitro-2, 4-dioxopyrimido [1, 2-al benzimid-
azoles (IV) was excellent (84-88%) and that these
dyes were yellow in colour. The yield of 3-aryla-
zo-2, 4-dichloro-8-nitropyrimido [1, 2-a] benzimi-
dazoles (V) was very good (72-81 %) and these
dyes were red in colour. The yield of 3-arylazo- 2,
4-bis (morpholino/piperidino )-8-nitropyrimido [1,
2-a] benzimidazoles (VI) was good (62-74%) and
these were yellow and brownish yellow in colour.

The absorption spectral data of IV and VI, re-
corded in DMF, are given in Table 1. The absorp-
tion maxima of these dyes were in the range of
404-458 nm. The values of logarithm of extinc-
tion coefficient (log e) varied from 3.94 to 4.14. A
bathochromic shift was observed in the absorp-
tion maxima of V as compared to IV and a hyp-
sochromic shift was observed in the absorption
maxima of VI as compared to V.

The dyes IV and VI were applied on polyester
as disperse dyes and dyes V were applied on po-

lyamide as disperse reactive dyes. The disperse
dyes IV and VI gave lemon yellow shade and
yellow shade respectively on polyester whereas the
disperse reactive dyes V gave orange shade on poly-
amide (Table 2). The pick-up of these dyes was low
(1) except for the dye Vb, which showed moder-
ate pick-up (2). The light fastness of these dyes
was moderate (3-4). The sublimation fastness of
the dyes IV and VI was very good (4) except for
the dye VIe which showed moderate (3) sublima-
tion fastness.
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