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MPORTANCE of heterocyclic dyes has recently increased due to their deep

shades, high tentorial strength, excellent colorfastness and brightness compared
to azobenzene analogous. Development of novel synthetic approaches for fused
heterocyclic dyes has remained a highly interesting but challenging proposition.
An overview of the application of nitrogen-containing fused heterocyclic dyestuffs
for textile coloration is presented. In this review, we provide details outlining the
synthesis of recently prepared fused nitrogen-containing heterocyclic dyestuffs and
their dyeing efficiency on textile fibers.
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Introduction

Dyes have been used as natural and synthetic
products for a variety of applications, such
as inkjet printing, plastics, textile coloration,
adhesives, beverages, ceramics, photography,
cosmetics, foodstuff, optoelectronics, coatings,
sensors, xerography, constructions and biomedical
applications [1-14]. Heteroaromatic compounds
have been used in various fields of life sciences
and technology [15-21]. Numerous of heterocyclic
dyes are now commercialized to produce a full
range of dyestuffs especially for textile coloration.
Dyestuffs that are employed for textile coloration
often come with especial properties including
high colorfastness to sublimation, light, washing,
perspiration and crocking. Oil crisis in 1970s led
to a sharp increment in costs of raw materials
for production of dyestuffs. This created a force
toward lower cost dyestuffs by enhancing the
production procedures and by replacing dyes
of low color strength, such as anthraquinone
derivatives, with higher color strength dyes, such
as heterocyclic dyes [22-28].

In continuation to the first part of this review
which discussed the synthesis of five and six-
membered  nitrogen-containing  heterocyclic

dyestuffs for textile coloration, herein, we
describe the advances outlining the synthesis of
fused nitrogen-containing heterocyclic dyes and
their application on textile fibers

Fused nitrogen-containing heterocyclic dyes

Dyestuffs based on 4-aminoazobenzene,
such as  9-phenylazoJulolidines 1 and
8-phenylazolilolidine 2 (Fig. 1), exhibited
notable bathochromic shifts, comparative to
4-dialkylaminoazobenzenes, those bathochromic
shifts were accompanied by considerable drop in
light fastness. The inclusion of a carbonyl group
into julolidine-based molecular frameworks 3
resulted in enhanced light fastness. However, such
ketojulolidine-based dyestuffs are usually not
appropriate for transfer printing. The existence of
a cyanoethyl group 4 (Fig. 1) (Y= -CH,CH,CN)
brings about moderate improvement in light
fastness.

N-ethyl-1,2,3,4-tetrahydroquinoline
was prepared via quaternization of 1, 2, 3,
4-tetrahydroquinoline employing iodoethane,
followed by dealkylation using sodium azide
in dimethylformamide. Trifluoroacetylation of
1,2,3,4-tetrahydroquinoline was accomplished
using a solution of trifluoroacetic anhydride in
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tetrachloromethane. Trifluoroacetyl was subjected
to reduction using diborane in tetrahydrofuran,
and the mixture was then refluxed for 21
hours. Aromatic diazonium salts were then
gradually added to a well-stirred dispersion of
N-ethyl-1,2,3,4-tetrahydroquinoline or N-2, 2,
2-trifluoroethyl-1, 2, 3, 4-tetrahydroquinoline,
respectively, in an aqueous acetic acid solution
containing sodium acetate and kept at 0°C.
Successful azo-coupling between trifluoroethyl
derivative and weakly electrophilic diazonium
ions only took place in methylene chloride with
the assistance of sodium dodecylbenzenesulfonate
using phase transfer method.

e

1

<
o

Trifluoroethyl dyes 4 and 5 (Fig. 1) (X= CH,,
H, Cl, Br, CF,, COCH,, CN, NO;; Y= CH,,
CH,CF,) have rather different colors from their
ethyl analogues. Both series are appropriate
for transfer printing and possess satisfactory
colorfastness to wash on polyester and moderate
on nylon. N-ethyl derivatives have better light
fastness than their julolidine counterparts. When
compared with N-ethyl dyestuffs, the trifluoroethyl
derivatives displayed substantial enhancement in
light fastness on both polyester and nylon. Light
fastness was relying on substituents linked to the
terminal nitrogen and is generally enhanced by
electron withdrawing substituents [29].

X1, X3= H, Cl, SO3H
X2= H, SO3H

) O
2
Y
4
X4
X4= H, CH3, Ph
X5= H, CH3

U
Xs
Fig. 1. Chemical structure of the Reactive dyes and dyes based on 4-aminoazobenzene.
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Scheme 1. (top) and Table 1 (bottom) for 1-azabenanthrone derivatives.
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Arylazoindole sulfonic acid dyes 6 have been
synthesized using a mixture of glacial acetic acid
and dimethylformamide as solvent for the azo-
coupling process.

The tinctorial properties of 6 (Fig. 1) on both
natural and synthetic fibers were generally very
good. Washing and light fastness properties were
evaluated from poor to very good for wool and
fairly good for nylon substrates [30].

Daylight fluorescent pigments based on
benzanthrone and 1-azabenanthrone 8 were
prepared by condensation of 7 with thiophenols
in DMF and in presence of sodium carbonate via
refluxing for 2 hours to yield 8a-1 (Scheme 1) and
(Table 1).

The pigments 8a-1 (Table 1) showed very
bright yellow to greenish-yellow shades and high
tinctorial strength especially on polyester fibers.
The pigments displayed good thermal stability,
while the light fastness was ranged between poor
to very good [31].

HN—=0

Compound 9 was converted into 11 via reaction
with phosphorus oxychloride. Condensation
with 6-methoxythioindoxyl resulted in red dye,
while 2-cyano-4-nitroaniline yielded brilliant
yellow dyestuff (Scheme 2). Condensation of 9
with ethyl-5-pyrazolone-3-carboxylate has been
described in the Color Index as C.I. Disperse Red
196. Compounds 12 were utilized as coupling
components for preparation of azo disperse dyes
with yellow to orange shades. Violet to bluish-
violet disperses dyes 13a-k (its resonance form
is 14) was prepared by condensation of 9 with
12 in presence of phosphorus oxychloride and in
refluxing benzene for 5 hours (Scheme 2). Similar
condensations of 10 with 12¢,e,f,i yiclded violet
disperse dyes 16¢,e,f,I (the resonance forms are 15
and 17). Substituents on the nitrogen heteroatom
of the homophthalimide moiety greatly influenced
the sublimation fastness which was rated between
2-3 for 16¢,i and 13d,e,h,k, 3-4 for 16e,f and
13b,g, and 4-5 for 13a,c,f,L,j. In general, all dyes
showed poor light fastness on polyester fibers [32]
(Scheme 2).

R= Ethyl (a), n-Butyl (b), B-Chloroethyl (c), (k)
B-Cyanoethyl (d), Cyclohexyl(e), Phenyl (f),
p-Tolyl (g), p-Anisyl (h), 3-methoxy-4-methylphenyl (i),
p-Chlorophenyl(j), p-Nitrophenyl

Scheme 2. Sunthankar and co-workers developed amethod to prepare 1-amino-4-substituted-2-bromoanthraquinones.
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Scheme 3. Compound 18 was reacted with benzyl cyanide under alkaline conditions to yield 19 (Scheme 3).

Benzoylation of 19 was occurred by refluxing anthraquinonepyrroles with benzoyl chloride for 1 hour in

chlorobenzene as a solvent.

Dyes were applied on polyester as disperse
dyes. Shades were tinctorially weak and light
fastness was also poor [33].

4-Chloro-1, 8-naphthalic anhydride was
condensed with pyrrolidine and Imidazole
in diethyleneglycol dimethyl ether, and with
piperidine and piperazine in 2-methoxyethanol, to
give 20, 21, 22 and 25, respectively (Scheme 4).
Compound 22 was then refluxed in a mixture of
glacial acetic acid and acetic anhydride for 1 hour
to yield 23.

Compound 24 was obtained from
3-amino-1, 8-naphthalic anhydride by Skraup
synthesis. Similar reaction starting from
4-amino-l, 8-naphthalic anhydride afforded
pyrido[2,3-c]-1,8-naphthalic anhydride which
was obtained by oxidation of pyrido[2,3-c]
acenaphthene. Compound 20 was refluxed with
3-methoxypropylamine in ethanol, and with
arylamines in 2-methoxyethanol, for 1 hour to
give 20 (R= N-3-methoxypropyl). Other imides
were similarly prepared from 21, 22, 24 and 25. A
mixture of 21 and 4-chloro-o-phenylenediamine
was refluxed for 1.5 hour in glacial acetic acid to
give an isomeric mixture of 3-(and 4-) piperidino-
10(and  11)-chloro-7H-benzimidazo[2,  1-a]
benz[d, elisoquinolin-7-one 28. Similarly, other
analogous derivatives were prepared including
27,29, 30, 31 and 32 (Scheme 4).

The replacement of 4-chloro group in
naphthalic anhydrides was assisted by additional
electron withdrawing nitro group. The 4-chloro-
3-nitro-1, 8-naphthalic anhydride was interacted
in ethyl alcohol with pyrrolidine, piperidine
and piperazine, while imidazole reacted well
in 2-methoxyethanol, and diethyleneglycol
dimethylether was used with pyrazole. 3-Nitro-4-

Egypt. J. Chem. 61, No.6 (2018)

piperidino-1,8-naphthalic anhydride was refluxed
withanilineinethanoltoyield 3-nitro-4-piperidino-
N-phenyl-1,8-naphthalimide. Similarly, 3-nitro-
4-pyrrolidino-, 3-nitro-4-piperidino-, 3-nitro-4-
piperazino-, 3-nitro-4-imidazolo-, and 3-nitro-4-
pyrazolo-1,8-naphthalimides 33 were prepared.
The benzimidazo derivatives were synthesized as
in the case of the unnitrated analogues.

Compound 24 and 4-methoxy-o-
phenylenediamine was refluxed for 1 hour in
chlorobenzene, while dimethyl sulfate was added
to produce the corresponding quaternary salts of
pyrido[2,3-c]-7H-benzimidazo[2, l-a]Jbenz[d, e]
isoquinolin-7-ones.

Imides and benzimidazoles substituted by
cyclic tert-amino groups on the naphthyl moiety
were generally good dyestuffs for synthetic
fibers. Light fastness was moderate to good for
4-piperidino derivatives and poor to moderate for
4-pyrrolidino dyestuffs. 4-Piperazino derivatives
exhibited poor light fastness. Colorfastness to
sublimation of dyestuffs was mainly good, tending
to be better with increased both mass and polarity
of benzimidazoles. Nitrated analogues colored
polyester in deep yellow (for imides) to orange
shades (for benzimidazoles). The depth of shade
was mainly good and mostly better than that of
unnitrated dyestuffs. Sublimation fastness was
generally of high order whilst the light fastness
was noticeably decreased compared to the
unnitrated derivatives and none of these dyestuffs
had acceptable light fastness [34].

3-Amino and 4-amino-l,  8-naphthalic
anhydrides was diazotized in nitrosylsulphuric
acid and coupled with N-f-cyanoethyl-N-f+]
hydroxyethylaniline. These intermediates were
then acetylated by reflux for 30 minutes in a
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mixture of acetic anhydride and acetic acid. These
intermediates, and their o-acetylated derivatives,
were subjected to condensation with alkylamines
and arylamines to give dyestuffs 34, some of
which were also produced by diazotization of
4-amino-1, 8-naphthalimides and azo-coupling
to N-f-cyanoethyl-N-f-hydroxyethylaniline or
its o-acetyl analogue. Similar condensation with
o-phenylenediamines gave dyestuffs 35 (Scheme
5). For dyes 35, derived from N-f-cyanoethyl-
N-p-hydroxyethylaniline, condensation  was
favorably effective in 2-methoxyethanol followed
by ring-closure in situ of the resulting imide by

R R
OsN_O O N_O o

X
21 X=CH,
22 X=NH
23 X=N.COCH,

addition of anhydrous zinc chloride.

Imides and imidazoles are excellent dyestuffs
for synthetic fibers affording yellow-orange to
bluish-red shades. Colorfastness to both light
and sublimation, especially for 4-phenylazo
substituted analogues, is very good [35].

Unsymmetrical disazo 36 and trisazo 37 was
applied as acid and direct dyes on wool and cotton
fabrics. They had fairly good washing fastness but
unsatisfactory tinctorial strength and light fastness
below average was monitored [36] (Scheme 6).

R=H, (CH,),CHs, (CH3)30H, (CH2)30CHz, Ph, CgHyq OCH3-p,
OCHjs, Cl, Cyclohexane, CH,Ph, CHs, Br, NO,

A

Os N2
e
)
X
28 X= CH2

29 X=NH
30 X=N.COCH;,

O
=z
N\

=
=z

(=

5

0 N  Os NN  0Os _N__N
O ¢
I\N NO,
Y

N N
0
32 33

Scheme 4. 4-Chloro-1, 8-naphthalic anhydride was condensed with pyrrolidine and Imidazole in diethyleneglycol
dimethyl ether, and with piperidine and piperazine in 2-methoxyethanol, to give 20, 21, 22 and 25,
respectively (Scheme 4). Compound 22 was then refluxed in a mixture of glacial acetic acid and acetic

anhydride for 1 hour to yield 23.
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R R
@) lll 0] 35
34 R= H, OCHj, Cl
N X=H, Ac
CoHOX O NN
O
C,H,CN
CoH4OX
R=H, C3HzOH, C3HsOCH3, C3HgOBuU, N=N—@—N
CH,Ph, Ph, C3HgOAG; X= H, Ac CH(CN

Scheme S. Imides and imidazoles are excellent dyestuffs for synthetic fibers affording yellow-orange to bluish-red
shades. Colorfastness to both light and sublimation, especially for 4-phenylazo substituted analogues, is
very good [35].

E1_N N
E,4, E, are coupling components
containing -SO3Na groups
N=N—E,
OH NH,

Ar—N=N N=
Aris aryl,
NaOsS SO, Na AN E is coupling components

/ containing -SO3Na group
N N=N-E

R1

NF2 o CH-NH o R N o
N—Ph + HsC,0-CHX — Nepn == HO N—Ph
a0 "
38 O o 43 ©

41

Q R
HoN 1 H
N—Ph + 263 —» R)*=CH N‘@f;N Ph —» L(\Qf;
2
2
39 0 42

OH 44
45

38 + CH(OCyHs); + CH2 — 41
Rz
39 + CH(OC2H5)3 +45 — 42

41, 42 | Ry= COOC,Hg; Ry= COOC,Hs, CN, COCHj

41',42' | R4= Ph, ©:N>\_ :R,=H, CN
NH

Scheme 6
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The fusion of 3(and 4)-nitrophthalic
anhydride with aniline gave 3(and 4)-nitro-1-N-
phenylphthalimide [37, 38] which was exposed to
reduction using tin(II) chloride and hydrochloric
acid to afford the corresponding amino derivatives
38[39] and 39 [40]. Compound 40 was condensed
with 38 and 39 respectively, by refluxing for
8 hours in dry xylene and in addition to a drop
of piperidine, to give 41 and 42. In a second
method, 38 and 39 was reacted in situ with ethyl
orthoformate and an appropriate active methylene
or methyl group-containing compounds 45, in
refluxing xylene for 3 hours to yield 41° and 42°,
respectively. Compounds 41 and 42 were refluxed
for 7-10 hours in Dowtherm A toward effective
cyclization affording 43 and 44 (Scheme 6).

QA e N e
N
@ 1,
OMe

.+
Cf N=N Ny
— 5 \@J\ * 52/82 ——=
N OMe

: Oi j\ _FeHCl
OMe

52 / 2-aminonaphthalene-1-
-sulphonic acid, N,N-dimethylaniline
52' / p-Crysol, 3-methyl-N-
-phenylpyrazol-5-one

Most compounds have shades from pale to
bright yellow in color and they were applied as
fluorescent dyestuffs on polyester fibers giving
light greenish-yellow to bright yellow shades
with poor to moderate pick-up. The resulting
dyeing had moderate colorfastness to both light
and sublimation [41].

Compound 50 (Scheme 7) was synthesized
from 46 and then converted to 51 which were
coupled with 52 in acidic medium, and with 52’
in alkaline medium to give 53. Compound 54 was
diazotized and coupled with 50 in acidic medium
affording 55 (R = H; R,= CH,; R,= H), which was
acetylated by reflux for 4 hours in acetic anhydride
to provide 6-acetamido-5-(4-methylphenyl)azo-
2—methoxyquin0xaline dye (Scheme 7).

_NaOCHs
“CH,OH

ceN,

53 / R= 2-aminonaphth-1-yl,4-N,N-
-dimethylaminophenyl, 2-hydroxy-5-
-methylphenyl, 3-methyl-5-hydroxy-1-
-N-phenylpyrazol-4-yl

Scheme 7

Disperse dyes 53 and 55 gave good coloration
on polyester, affording deep yellow to red shades.
The brightness of shade was particularly apparent
for all derivatives except 53 (R= 2-hydroxy-5-
methylphenyl) and 55 (R'= 0-CH,; R>= CONHPh;
R*= CH,) (Scheme 8). Disperse dye 53 gave
excellent fastness to light, whereas 55 have
moderate light fastness. Fastness to sublimation
of all dyeings was generally very good [42].

Condensation of 56, 63 or 68 with
bifunctional reagent 57 in dimethylformamide
containing pyridine at reflux for 4-5 hours, gave
the corresponding pyridobenzoimidazole 58, 64
and 69. Moeckli [43] described the cyanation
at the 4-position of coumarins containing
negative functional substituents at the 3-position.
Accordingly, the benzimidazoles 58, 64 and

69 and sodium cyanide were stirred together in
dimethylformamide at room temperature for
4 hours (30 hours in case of 58) followed by
addition of bromine at 0-5°C to produce 59, 65
and 70.

Similarly, we can obtain 67 from 64 using only
1 mole of bromine instead of 2 moles. Compound
59 was then hydrolyzed to 60, by reflux in solution
of HBr in acetic acid for 17 hours in anhydrous
environment, and 60 was then converted to 62.

Compounds 58 (Scheme 9), 64 and 69
(Scheme 10) are strongly fluorescent dyes with
bright yellow shade as was evaluated on polyester
fibers. Tricyano dyes 65 and 70 (Scheme 11) have
deep colors compared to the monocyanate starting
materials. Their structures showed some analogy
to the tricyanoethylene category of dyestuffs,

Egypt. J. Chem. 61, No.6 (2018)
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but when they were applied on polyester, they
displayed poor color strength and good light
fastness [44].

Compound 71 was synthesized by chlorination
of  Il-benzamidoanthraquinone  followed by
acid hydrolysis. Reaction of 71 with 2-cyano-
N,N-di(piperidin-1-yl)acetamide in presence of
phosphorous oxychloride, afforded 72  (Scheme
11) which was then subjected to condensation with
amines under Ullmann reaction conditions to provide
the corresponding 6-aminated derivatives 73.

Magenta to violet colored azabenzanthrones
were more bathochromic than other ring-
closed derivatives, such as pyridanthrones
and pyrimidanthrones. The ring-closure was
found to reduce the dye uptake compared to the
1,4-disubstituted anthraquinones analogous. Light
fastness was found to vary between moderate, for
6-alkylamino derivatives, to good, for 6-arylamino
derivatives. Results indicated potential application
of ring-closed azabenzanthrones as practical
disperse dyestuffs [45].

NH, N=N'CI S
R o
1 Ry
NaN02 50
+ —
R3 HCI R} A = >
L ! N=N
) 2 H2N /Nl
I
Ri= H, OCHz; Ry= CHz, NO,, CONHPh; Ry= H, CH3 SN oMe
Scheme 8
CH; CHO CHs ~CN
i \j Ny DMF Ny A
N‘N Cl  + /—CHXCN ——— N7 NN
N Pyridine :
N Ph
56 > >
COOH
COOH
a) NaCN n- BuNH2
—b) Br, > A OH
reflux C}
NH3 Bu
COO "NH; Bu

Scheme 9
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CHO
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CN
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— s |HC N NN
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CN CN
AN
/)
B e N7 NN
5
l
N CHO O RN
| DMF
y 2, %
O‘ * % hidine O/ N NN
68 69 @
CN CN
CN
a) NaCN O A
b)Br, NN

Scheme 10
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1-Aminoanthraquinone and 1,
5-diaminoanthraquinone were interacted with
excess of acetone and butanone, which by process
of self-condensation were converted into a,f+]
unsaturated ketones, at reflux for 12 hours and in
presence of excess anhydrous aluminum chloride
as a catalyst to give the corresponding dyes 74
and 75, respectively.

Also pyridinoanthraquinones have been
synthesized by first preparing ‘anthraquinonyl
aminoacrylates” and subsequent cyclization
in diphenyl ether at 200°C [46]. Dyes 74 and
75 afforded violet to bluish-violet shades and
comparatively poor light and sublimation fastness

O NH,
O‘|O NCCH,CONR{R,
24 O C

R1, R2= —N >

on polyester garments [47] (Scheme 12).

Compound 78 was obtained via condensation
of 77 with 76 in polyphosphoric acid. After
stirring at 210°C for 6 hours, the mixture was
poured into a mixture of water and ice and the pH
was then adjusted at 5. The diazonium salt of 78
[48-50] was then exposed to azo-coupling with 79
[51] to give 80 [52] (Scheme 12).

All attempts of azo-coupling using the
diazonium salt from the ortho isomer of the amine
78 gave the imidazopyridine benzotriazine 81
[53] (Scheme 12).

73 O NHR

R= CgHsCHj3-p, CgHsOCH3-p, CgH5Cl-p, CH30(CHo)s, Ph, CgHsOCH3-0
Scheme 11

R O 74
R= CH3, C2H5; R1= H, NH2; R2= H, CH3

o NH2
I + HOOC—@
~—
X~ NH,

Rir CI—E 75

R= CH3, C2H5; R1= H, CH3

@@

COOH
H
Q (IN COOH CH, N
R= CH3, rl—CgH7,
ROCHN N N n—CC)7H15, n-Cq4Ha3,
n- H
ROCHN 1T
N\N

Scheme 12
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Benzo(or pyrido)imidazoles are appropriate
disperse dyes for the coloration of polyamide
fibers. Exhaustion, leveling and color yield were
satisfactory. Fastnesses to tetrachloroethylene,
rubbing (dry and wet), and spotting with acetic
acid was generally excellent. Light fastness was
enhanced by the imidazole and pyrido rings,
and para substitution. Fastness to washing was
highest for dyes containing benzo ring, and meta
substitution, while fastness to alkaline spotting
was highest with meta substitution. Fastness to
perspiration was excellent for the whole series
with exception of few cases. Overall, dye 80 (R=
CH,; X=N; Y= NH, azoaryl at 4-position) had
excellent properties. The present heterocyclic
dyes show better colorfastness properties than
their non-heterocyclic analogues with the same
coupling moiety [51-53].

The sodium salt 82 was used as coupling
component for preparing 83 which was then
condensed with 84 via reflux for 5 hours in
acetic acid to give 85 which was oxidized, using
copper(Il) acetate and dimethylformamide in a
current of air, to afford 86 (Scheme 13).

ﬁ[@

NH,

85

—> NC

The nitro substituent in 86 was subjected
to reduction using a mixture of zinc and acetic
acid, heating was continued for 3 hours at reflux,
to provide the corresponding amino derivative
which was acetylated by acetic anhydride, heating
was continued for 3.5 hours at reflux, to give the
acetamido derivative.

Disperse dyes displayed fluorescence maxima
close to green, greenish-blue and blue regions.
The yellow-colored dye 86 (R= NO,) dyed
polyester fiber in lemon yellow shade with good
colorfastness to light and sublimation, while the
pale yellow-colored derivative 86 (R= NHCOCH,)
had moderate fluorescent activity on polyester.
The derivative 86 (R= CH,) and 86 (R= 0-CH,)
dyed polyester fibers in yellowish-brown shade
with moderate color strength and sublimation
fastness [54] (Scheme 14). Compound 87 was
condensed to afford the corresponding heterocyclic
imidazopyridine [55] (Scheme 14). Coupling of
diazonium salts of 88 and 89 was performed in
glacial acetic acid at 18°C. After 2 hours, the pH
was adjusted at 4.5 to give 126. The dyes 91 were
produced by reflux of the corresponding 90 with
excess of iodomethane (Scheme 14).

N\
> CH,

N
>

R R= CH3, OCH3, N02

L

86

R= CH3, OCH3, NOQ, NHQ, NHCOCH3

Scheme 13
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N~ NH,

87 m

CH,-CH,-Xs

N\ S
: CHyCHy-X, (|
X; 89 N
X1= H, CHy -

X2, X3= H, CN, OH

l\N
+
N N

X NH, I:l
L oS —
NH2 ~ /
NE N NH,
88

Scheme 14

Disperse dyestuffs 90 were found to be
appropriate for dyeing polyamide and polyester,
affording satisfactory dye-bath exhaustion,
leveling and color yield. Some dyeings displayed
slight tendency to phototropic variations. dyes 91
(X,=CH,; X,=H; X,= Hand CN) (Scheme 14) are
of especial interest because all derivatives showed
excellent colorfastness to perchloroethylene and
to acetic acid on both polyamide and polyester
substrates, and to sodium carbonate, to dry and wet
rubbing fastness on polyamide, to wash fastness
(at 40 and 60°C), and to acidic and alkaline

perspiration on polyester. However, dyestuffs had
low colorfastness to severe on polyamide, and
poor rubbing fastness on polyester. Light fastness
was generally moderate, being slightly better
on polyamide. Cationic dyes dyed acrylic fibers
with acceptable exhaustion of dye liquors, color
yield and leveling without the need for a retarder.
Characteristics of cationic dyestuffs were of good
values, although lower than the corresponding
derivatives of the unquaternized disperse dyes
[55].

OMe
OMe N R CN
R : M—CH,CN —» CH—J\</N
N
- CHO N Y
" 03
N_.N
94 P
CN

Scheme 15
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Et,N OMe

Et2N OMe N
cH{_
CHO N 96
95

7\

Q.

Raney Ni
98 Z CHO 97 Z N
Scheme 16

Reaction of 92 with benzimidazole-2-
acetonitrile followed by cyclization of the
resultant styryls 93 to afford 94 (Scheme 15)
which were reported to be fluorescent brighteners
for polyesters [3]. 4-Diethylaminosalicylaldehyde
was reacted with dimethylsulfate in alkali
employing the standard methylation process
at 40-50°C to yield 95. The reaction of 95 with
benzimidazole-2-acetonitrile by reflux in ethanol
for 1 hour and in presence of piperidine, gave the
intermediate 96, which was cyclized at reflux for
4-5 hours in o-dichlorobenzene and in presence
of piperidine acetate as a catalyst, to give 97. Dye
97 displayed intense fluorescence and afforded
greenish-yellow fluorescent shade on polyester.
Reduction of 97 using Raney Ni-formic acid

97

1) NaCN-DMF

2)Br2

X
\

method [56] at reflux, gave the formyl derivative
98 (Scheme 16) which was reacted with 99, in
ethanol for 2 hours at reflux, to yield the respective
styryl dyes 100 (Scheme 17).

Oxidative cyanation of 97 using a mixture of
sodium cyanide and dimethylformamide together
with bromine, gave deep red dicyano derivative
101. However, 101 did not behave effectively
as a dye on polyester fibers, which could be
attributed to its instability under high-temperature
dyeing conditions. Though styryl derivatives 100
displayed good fluorescence performance and
afforded attractive orange to pink-red shades
on polyester, their colorfastness to light and
sublimation were generally poor [57].

=

> Et,N NN
j /j/\/ :CN
101 CN

X, Y= CN, CO,Et,

R e
~ 1

Y/ 2 =
99 %X
100 Y

Scheme 17
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The disperse dye 102 was prepared by
diazotization of 3 or 4-aminophenyl-imidazolo-
pyridines) and concentrated hydrochloric acid at
10-12°C to afford the corresponding diazonium
salt which was then added to a solution of N,N-
diethylaniline in acetic acid at 10-12°C with
stirring. Dye 103 was prepared by refluxing the
corresponding disperses dye 102 with large excess
of iodomethane dissolved in tert-butyl alcohol for
20 hours (Scheme 18).

Disperse dye 102 showed great versatility
towards polyamide, polyester, cellulose acetate
fibers, and, after quaternization, cationic dye

H

LG
102 No 2 N’

103 was applied successfully on acrylic fibers.
Satisfactory color yield, compared to commercial
dyestuffs applied under the same conditions, was
produced at 0.25-1% depth. Excellent leveling
and exhaustion properties of dye liquors were
also accomplished. Cationic dye 103 afforded
excellent uniformity of coloration on acrylic fibers
without using a retarding agent. Excellent behavior
was monitored in colorfastness to wash at 40°C,
perspiration, sodium carbonate and acetic acid.
Dyeing data on polyester fibers were excellent with
the exception of light fastness, which was higher
on polyamide and cellulose acetate [58].

CH,CHj
N N,
CH,CHs
CH,CHs
N=N N
CH,CH;

CH3
j\ i 12.4 y COH—Ph i N=N-Ar
iazotize . ArN, =N
N=— N-Ph - N=— e N=—
CH, H (CH3COONa) N-N-R  (NaOH) \N—H—R

NH,
R= @—\( Ar= CoHs, CoHyCHa-p, CaHiBr-p, CaHaNOp,
N C6H4OH-O,CGH4COOH-O
N 104

Scheme 18

Compound 104 was diazotized and coupled
with 2-cyano-N-phenylacetamide in a sodium
acetate buffered solution to form 105 (Scheme
18). Reaction between the arene diazonium
ions and 105, in presence of sodium hydroxide,
produced the corresponding asymmetrical
3-cyanoformazan derivatives 106.

Compounds 105 and 106 (Scheme 18)
were evaluated as direct, acid and basic dyes.
Coloration properties on wool, nylon and
cellulosic fibers were good. All dyeings had very
good colorfastness to light, although colorfastness
to wash was moderate [59].

Compound 107 was reacted with the active-
methylene keto compounds 108 in refluxing
ethanol containing sodium ethoxide for 6 hours.
Reaction of 108 gave 109 together with 110

Egypt. J. Chem. 61, No.6 (2018)

(Scheme 19). When 107 reacted with 108 (R, = OH)
in refluxing ethanol containing sodium ethoxide,
the compound 109 (R,= OH) was obtained. The
reaction of 107 with 111 in similar manner gave
112 (Scheme 19). Condensation of the ethylester
group in 109 or carboxylic acid group in 110 with
o-phenylenediamine via refluxing in ethane-1,2-
diol for 5 hours, produced 113. 5-Cyano group in
112 was similarly converted into 115 which was
also obtained directly by reaction of 107 with 2-cy
anomethylbenzimidazole(Scheme 20).

5-Hetarylpyrazolo[3, 4-b]pyrazines 113-
115 were applied to polyester as disperse
dyestuffs affording fluorescent yellow, orange
and yellowish-brown shades with good uptake,
moderate light fastness and good sublimation
fastness [60] (Scheme 19).
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l}l 2 07Ry EtOH
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COOH
O: Cyclisation d NH, d 4- Methylbenzaldehyde
NHCOCH; /)\
116
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CH= CH CH, >

0
N’l-|
Reduction
\A—cH=CH CH=CH NO, —————>
119

—> 115

0
N'H
Diazotization and coupling
N/)—CH=CH CH=CH NH, >
120
O
N’l_|
L N/)—CH=CH—®—CH=CH—®—N=N—R
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Ring closure of N-acetylanthranilic acid by
refluxing with acetic anhydride for 40 minutes,
afforded 116, which was converted into 117 by
reaction with ammonia. Condensation of the
methyl group in 117 with 4-methylbenzaldehyde
via refluxing in acetic anhydride for 2 hours
gave styryl derivative 118, and hence, by further
condensation with 4-nitrobenzaldehyde, bis-
styryl 119 was produced. Reduction of 119 with
a solution of sodium sulfide in water, reflux for
2 hours, gave amino derivative 120 which was
used as diazo component in synthesis of dyes 121
(Scheme 20).

R (121)=H-acid, J-acid, y-acid, G-acid, R-salt,
N-Methyl-J-acid, N-Phenyl-J-acid, Schaffer’s
acid, 1-(4’-Sulfophenyl)-3-methyl-5-pyrazolone,
Peri-acid, 2-Naphthylamine-3,6,8-trisulfonic
acid, 1-4’-Sulfophenyl-5-pyrazolone, Naphthol
derivatives, 1-Phenyl-3-methyl-5-pyrazolone,
1-(4’-Sulfophenyl)-3-carboxy-5-pyrazolone,
1-(2,5’-Dichloro-4’-sulfophenyl)-3-methyl-5-
pyrazolone.

Dyes 121 gave satisfactory dyeing on silk,
viscose or polyester as acid, direct or disperse
dyestuffs and varied in shade from yellow to
violet. Colorfastness to wash on viscose and silk
varied from moderate to good, while light fastness
was in general better on silk and polyester [61].

s
HoN

NH, OH

N

123

HO,S SO;H

AL

SO3H

X
OH

N
Y

HoN 124

Scheme 21
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L

Compound 122a  was produced by
nitration of carbazole in acetic acid [62]. 3,
6-Dinitrocarbazole was subjected to reduction by
hydrazine hydrate in presence of Raney nickel in
N,N-dimethylformamide [62]. Compound 122b
was obtained by Porai-Koshits and Salamon
by nitration of benzidine sulfate, reduction and
finally cyclization. Compound 122¢ was obtained
by nitration of fluorenone, transformation of
2,7-dinitrofluorenone into oxime, Beckmann
rearrangement to 3, 8-dinitrophenanthridone, and
finally reduction by iron. Compounds 122 were
diazotized followed by dropwise addition to H- or
J-acid in Na,CO, solution to give 123 and 124,
respectively (Scheme 21) and (Table 2).

3, 8-Diaminophenanthridone derivatives of
benzidine based dyes, containing additionally
cyclic secondary amine or amide group, displayed
favorable properties on cellulosic fibers with
respect to color and affinity [62].

TABLE 2.
Dye X Y
123a NH -
123b - NH
123¢ - CONH
124 - CONH

“-“indicates direct link between phenyl rings.

.,
foos)

OH NH,

N

HO,3S SO,H

OH

N

HO,S NH,
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Vilsmeier reaction of 6-methoxy-l-tetralone
125 afforded 126 (Scheme 22) which were reacted
with benzimidazo-2-acetonitrile via reflux for 4
hours in dimethylformamide and in presence of
pyridine to give 127. Dye 127 exhibits greenish-
yellow fluorescence and brilliant-yellow shade on
polyester. Moeckli [43] described the cyanation at
the 4-position of coumarins containing electron-
withdrawing substituent at the 3-position. Dye
127 is structurally related to 3-cyano coumarins
and was thus anticipated to undergo nucleophilic
attack by cyanide ion. Gokhale and Seshadri [44]
described the cyanation of similar benzimidazo
quinolines. Cyanation of 127 was performed via
treatment of its solution in dimethylformamide
with sodium cyanide and then with bromine at
low temperature. Dicyano derivative 129 (Scheme
23) was isolated; it exhibited greenish-yellow
fluorescence and was dyed on polyester in bright
yellow-orange shade. Oxidation of 127 and 129

Cl
CHO

to the corresponding naphthalene derivatives 128
(Scheme 23) could not be performed under the
usual reaction circumstances. Reaction of 125 with
2-aminobenzimidazole under alkaline conditions
afforded 126. Compound 125 was refluxed for 3
hours with cyanoacetamide or cyanoacetanilide in
dimethylformamide and in presence of pyridine to
yield benzo-[h]-quinolines 130.

Fused indazoles 131 (Scheme 23) was
prepared by refluxing 125 with arylhydrazines
in dimethylformamide or ethyl alcohol and in
presence of acetic acid as a catalyst for 3 hours.

Dyes 127 and 129 gave dyeings with good
light fastness, high uptake, and sublimation
fastness. Dye 131 (Ar= 2,4-dinitrophenyl) had
moderate dyeing properties. Other compounds
afforded dyeings with poor colorfastness to light

and sublimation [63].
N
X
)

N
Y—NH
NH N

MeO
125

N
Y—CH,CN
NH

125 >

N _CN

MeO
128 R=H, CN

(0)

. --—X— O CN
MeQO
12

MeO
N 126

N _CN

127
\EaCN/BrZ
N
\

CN
N

9

Scheme 22
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Ar
)
O‘ Ar-NH-NH,
-«
MeO
O,N
131 Ar= Ph, NO,

Scheme 23

Disperse dyes 132a-b (Fig. 2) and (Table
3) were obtained by diazotization of the
corresponding amines (p-aminophenyl-
imidazolo[4,5-c]pyridines) followed by coupling
with N,N-diethylaniline in acetic acid at pH 4.5.
Cationic dyes 132¢-d (Fig. 2) and (Table 3) was
obtained by refluxing 132a-b with excess of
methyl iodide in ferz-butyl alcohol for 20 hours.

N2
AF~Y N=N—®—N\
132

Et
Fig. 2. Chemical structure dyes 132.

TABLE 3. dyes 132 derivatives

Dye no. X Y Z
132a N N NCH,
132b N NCH, N
132¢ NCH, I N NCH,
132d ‘NCH, T NCH N

Washing, rubbing and perspiration fastness
properties of dyes was evaluated between very
good to excellent on polyester, polyamide and
cellulose acetate fibers with the disperse dyes.
Similarly, acrylic fibers were dyed with the
cationic dyes without use of retarding agent
to introduce very good to excellent fastness
properties against washing, rubbing and
perspiration. Excellent exhaustion of dye liquors,
leveling and color yield were produced at 0.25-1%
depths. The light fastness generally displayed low
to medium values, with exception of dyeings on
cellulose acetate, which displayed, in some cases,
very good light fastness [64].

Egypt. J. Chem. 61, No.6 (2018)

5 CNCHCONHR,

>

MeO
130 R=H, Ph

Compound 133h was produced by fusion of
o-phenylenediamine with urea [65], followed by
nitration by a mixture of nitric acid and sulfuric acid,
and then reduction by iron [3]. Compound 134h
was produced by similar approach, in the first stage
o-phenylenediamine being fused with oxalic acid
[66]. Compound 135h was produced by nitration
of phthalimide followed by reduction of the nitro
derivative using tin(Il) chloride [67]. Compound
136h was obtained by heating 4-aminophthalimide
with boiling aqueous hydrazine [68]. Amines 133-
136h (Scheme 24) were grinded with hydrochloric
acid and then dissolved in water followed by
diazotization at 0-5°C with NaNO, solution. The
produced diazonium salt was added to solution of
J-acid or its N-benzoyl or N-phenyl derivative in an
aqueous solution of sodium hydroxide to produce
monoazo dyes. Diazonium salt, prepared above,
was added to solution of sodium salt of Cleves-6
acid or to suspension of p-cresidine in water at
0-5°C, while pH was maintained at 6-7. Separated
monoazo precipitate was stirred with water and
hydrochloric acid and diazotized by the addition of
sodium nitrite aqueous solution to produce disazo
dyes. In case of preparation of trisazo dyestuffs,
operation of diazotization and azo-coupling with
Cleves-6 acid was repeated. Similar to the method
used for synthesis of monoazo dyes, a suspension
of the diazonium salt was produced from the
monoazo or disazo compound followed by azo-
coupling with J-acid (Fig. 3).

Direct dyes containing cyclic imide moiety
showed significant dye affinity to cellulose
fibers, whilst the degree of exhaustion was low
for analogous monoazo dyes lacking such imido
moiety. The light fastness was higher for dyes with
more extended system and also in case of dyestuffs
in which amino substituent was acylated or arylated.
Fastness to washing and rubbing were similar for
analogous ‘imide’ and ‘phenyl’ dyes [69].
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Fig. 3.J-acid and its N-benzoyl or N-phenyl derivative.
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Compound 137 [70] was reacted with
allylamine in boiling methanol for 4 hours
to afford 138 which was then refluxed for 4
hours in ethanol with (AH), and in presence of
triethylamine to remove HBr from the reaction
system leading to formation of dyes 139a-b.
Mixture of 4-amino-1, 8-naphthalic anhydride
[70, 71] and allylamine was refluxed in methanol
for 3-4 hours to give dye 139¢ (Scheme 25).

Dyes  possess  strong  yellow-orange
fluorescence, as the aminonaphthalimides showed
good coloration properties on synthetic fibers

r

0s..0._0 O« .0O. .0
diiiniiil . diiiniiil
NO> NH,

?H20H=CH2
OxnO~P Os N _O Os _N__O
| I NH,CH,-CH=CH
137
B 138 L !

NH2CH20H=CH2
'

[34]. Dyes 139a-c¢ was found to have the same
photostability. Absorption ability of dyes follows
the order: ¢ >b >a [72].

Disperse dyes 146a-p were prepared by
coupling 144 with a variety of mono and di-N-
substituted derivatives of aniline R, while 140 [73,
74] and 142 [3] were prepared as title compounds
(Scheme 26).

Dye 144 was prepared by condensation of 140
with 142 followed by reduction with Fe/HCI in
methanol (Scheme 27).

?HzCH=CH2

139

139
= _N
A ( 7 ) . -NH,
a b c

Scheme 25

COOH COOH

(CH3C0O),0
Reflux, 3-4hrs >

NH,

NHCOCH,

0
(CHiCOHO OZNkao
Reflux, 45 min. N/)\ CHy

ON COOH
Nitration, 0-5°C

'
HNOy/H,S0,

NHCOCH;
0
NH,NH,H,0 O2N N2
—_—
Pyridine A 140
N)\CH3

0 0
' N82Cf207.2H20 '
OO CH,COOH OO
141 142
Scheme 26
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0
Condensation O2N NS O
140 + 142 > . 143
(CH3CO),0/Reflux, 5-6 hrs J
0 N
. H,oN N . o
Reducton 2 NT S O Diazotization
Fe/HCl,Methanol =~ NP Q NaNO,/HClI, 0-5°C
5 N+ 0 . 144 0
z\dLN/ N O Coupling with R R=N=N N/N\ O
NP A~
145 146
Scheme 27

TABLE 4. Derivatives of dye 146

R (146)

a =N, N-bis(2-hydroxyethyl)aniline; b = N, N-bis(2-hydroxyethyl)-m-aminoacetanilide;
¢ =N, N-(diethyl)-m-aminoacetanilide; d = N, N-(diethyl)-m-aminopropionate;

e = N, N-bis(2-hydroxyethyl)-m-toluidine; f = N-methyl-N-monohydroxyethyl aniline;
g = N-mono-N-hydroxyethyl aniline; h = N-mono-N-hydroxyethyl-m-toluidine;

i =N, N-bis(2-hydroxyethyl)-m-chloroaniline; j = N-ethyl-N-(2-hydroxyethyl) aniline;
k = N,

N-bis(acetoxyethyl)-m-chloroaniline, 1 = N, N-bis(acetoxyethyl) aniline;

m = N, N-bis(2-cyanoethyl) aniline; n = N-(2-cyanoethyl)-N-(2-hydroxyethyl) aniline;

0 = N-methyl-N-cyanoethyl aniline; p = N-ethyl-N-cyanoethyl aniline.

Dyestuffs afforded mostly pink, yellow and
brown shades on polyester and nylon 66 fibers
possessing very good to excellent colorfastness to
wash, sublimation, perspiration and rubbing. The
exhaustion properties on different fibers were found
to be reasonably good. Colorfastness to light ranged
from fairly good to good for all disperse dyestufts
for both polyester and nylon 66 fibers except dyes
146a,c,f,g which were fair to fairly good [75]
(Scheme 27) and (Table 4).

Compound 148 was produced by condensing
4-chloro-phthalic anhydride and 4-nitro-ortho-
phenylenediamine in presence of acetic anhydride,
and thenreduction of 147 with Fe/HCI. Diazotization
of 148 and azo-coupling with a variety of mono-
and di-N-substituted anilines produced disperse
dyes 149a-0 (Scheme 28) and (Table 5).

Dyes gave generally orange, red and brown
hues on nylon 66 and polyester fibers that possess
very good to excellent colorfastness to wash.
Dyestuffs displayed higher exhaustion on nylon
than polyester. Except for the dyes 149a, d, j, m;
the colorfastness to light was good to very good
on nylon 66, and except for 149b, e, 1, it was
good to very good on polyester. Colorfastness to
rubbing was good to excellent on both fabrics,
while perspiration and sublimation fastness were
excellent [76].

Soluble polycyclic derivatives of imidazoles
and imides-based dyes 150 and 151 containing
sulfonic group, which were prepared by direct
sulfonation [77, 78] (Scheme 29).

Dyes were characterized by high fastnesses
to washing, abrasion and light. Addition of
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sulfonic groups allowed them to be used as direct
dyes. Color intensity of dyeings on cotton fibers
depended mainly on fact whether dye is imide
or imidazole derivative, as imidazoles showed
higher substantivity [79].

Diazotization of 3-amino-1H-pyrazolo[3,
4-b]pyridine and azo-coupling with R H, gave
dyestuffs 152. Methylation of 152 with (CH,),SO,
gave 153. Dyeings of 152 and 153 on polyester
introduced good fastness to washing, rubbing,
acid, perspiration and light

. : \N" N\
Fe/HCI 1) Diazotize x
2) Couple =~ N _
149 cl
o

Scheme 28

TABLE 5. Derivatives of dye 149.

R (149)

a = N, N-Bis(2-hydroxyethyl)aniline; b = m-Acetamido-/V, N-bis(2-hydroxy ethyl)aniline;

¢ = m-Acetamido-V, N-bis (diethyl) aniline; d = N, N-Bis(2-hydroxy ethyl)-m-toluidine;

e = N, N-Bis(2-cyano ethyl)aniline; f = N, N-Bis(2-hydroxy ethyl)-m-chloroaniline;

g = N, N-Bis(2-cyano ethyl)-m-toluidine; h = N-(2-Hydroxy ethyl)aniline;

i = N-Ethyl-N-(2-hydroxy ethyl)aniline; j = N, N-Bis(acetoxy ethyl)aniline;

k = N-(2-Cyano ethyl) aniline; 1 = N-Methyl-/V-cyanoethylaniline;

m = N-(2-Hydroxy ethyl)-m-toluidine; n = N-Methyl-N-(2-hydroxy ethyl)aniline;

o = N, N-Bis(acetoxy ethyl)-m-chloroaniline.

OO A
150 x—@— 4
o
Q
HO5S
X= H, CHa, CI /@
151 X
CH; N
NC Ay
| 7 . NS

R= CI, EtoN; Rq= 4-(CH3)2NC6H4, 2-CH3C6H3

Scheme 29
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CHs N=ND - Ra Re
3
NC AP & N'R7
ZJ—NH ‘
RTON 07 N"oH o Re
154 R2 Q,] R5 2

D= Qq, Q,, phenolic moiety; R4= Cl, phenoxy,; R3= CN, C4_4 alkyl sulfonyl
R4= alkyl, Ph; Rs= CI, CN; Rg= H, OCH3, OCH,CHj3; Rg, R;=H

Fig.4. Chemical structure of pyrazolopyridine dyes.

R,N=N N-_-R1
atl
CH, N-N
155

R4= phenyl; R,= CN, carbomoyl, CO,H; R3= H, NH,
R4= aniline derivatives diazo component

Fig.5. Chemical structure of dye 155.

Pyrazolopyridine dyes 154 (Fig. 4) were
synthesized by diazotization of pyrazolo[3, 4-b]
pyridine and azo-coupling with H-acid. Dyestuffs
154 were suitable for dyeing synthetic fibers
especially polyester and polyamide in fast yellow
shade [80].

Diazotization of 4-nitroaniline and coupling
with 6-cyano-2-heptadecyl-7-hydroxy-5-
methyl[1, 2, 4]triazolo[1, 5-a]pyridine, gave dye
155 with yellow shade on polyester [81] (Fig. 5).

Water soluble dyes 156 was prepared by
diazotizing 2, -dichlorosulfonilate and azo-
coupling with 2, 5-dimethyl-7-aminopyrazolo[1,
5-a]pyrimidine. Dyes 156 were employed for
dyeing polyamide in yellow to orange shades and
good fastness to wash and light [82] (Scheme 30).

Mono and disazo pyrazolo[3, 4-b]pyridine acid
dyestuffs 157 are practical for dyeing polyamide
fibers in fast yellow shade. The acid dyes 157
were synthesized by diazotization of 3-amino-
5-cyano-4-methyl-6-(3-sulfophenylamino)-
1H-pyrazolo[3, 4-b]pyridine and coupling with
N-methyl-4-methyl-5-cyano-2-hydroxy-6-
pyridone [83] (Scheme 31).

Dicationic disazo dyes 158 were synthesized
by azo-coupling two moles of 5-amino-1, 2,
3-trimethylbenzimidazoliummethylsulfate
diazonium salt with PANEtCH,CH,NEtPh. Dyes
158 provided orange to reddish-orange shades
on acrylic with good colorfastness properties and
high color yield [3] (Scheme 30).

Water insoluble dyes 159 were prepared by
azo-coupling of 2-butoxyethyl p-aminobenzoate
diazonium salt with 2, 4-dihydroxy-quinoline
(Scheme 31). Dyes 159 were used for dyeing
polyester fibers [3].

Elnagdi et al. [84-86] reported the synthesis
of enaminonitrile (piperidinylacrylonitrile) 160
which was reacted with aromatic diazonium
salts to afford the corresponding arylhydrazones
161. Recently Khattab et al. [24, 87] reported
the conversions of such arylhydrazones 161 into
arylazoaminopyrazole disperse dyes 162 (Scheme
32). The synthesis and coloration performance of
the fused heterocyclic arylazopyrazolopyrimidine
163 disperse dyes starting from their corresponding
arylazoaminopyrazole 162 (Scheme 31).

The arylhydrazonopropanals 161 were reacted
with 162 to afford isomeric products that may be
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formed as 163 or its isomeric form 164. Structure
163 was preferred because of their synthesis via
coupling 165 with aromatic diazonium salts.
Compound 165 in turn was synthesized via
reaction of 162 with 160 (Scheme 31).

Only symmetrical derivatives of bisarylazo-
pyrazolo[1,5-a]pyrimidin-7-ylamines 163 were
synthesized in direct one-pot process via reacting
2:1 moles of the arylhydrazonopropanal 161 with
hydrazine hydrate, respectively, for 5-6 hours in
refluxing ethanol (Scheme 32).

Aminopyrazoles 162 were allowed toreact with
ethyl acetoacetate 166 to produce pyrazolo[1,5-a]

156

pyrimidin-7-ones 167, while upon reaction of
162 with ethyl 3-arylhydrazonoacetoacetate
168 afforded the corresponding arylazo-
pyrazolo[1,5-a]pyrimidin-7-ones 169 (Scheme
33).

Compound 171 was also coupled with the
pyrazolediazonium chloride 170 to yield the
pyrazolo[5,1-c]triazines 173. Trials to isolate the
acyclic intermediate 172 were failed due to the
direct formation of the triazine 173 as a result of
cycloaddition reaction of the diazo compound 170
to f-naphthol 171 to introduce 172, which was
then condensed and aromatized into 173 (Scheme
34).

R=2,4,5-Cl, (NaO3S)CgHy: R4= CHs3; Ry= NH,

CHs N=N-FAr-N=N+-B

o7 Y
|
Z NH
R7 N |
B 157 B

HsC—4 ]@—N N—@— NHZCHZCNO— .
Tl

= 158

Ar=1.4-phenylene, 1,4-naphthalene
NC B= coupling component residue
R4= Cl, PhO, NR,, NR3
RQ, R3= H, C1_3 aIkyI, m= 1-2; n= 0-1
—(SO3H)M

H3

N CH3

R= CHQCH3; A=CH3SO4

ROQC‘@

159

HO

Z
N

R= BU, OCH2CH2, R1— H

Scheme 31
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0 Ar\

CN N
H | N NH,
N + NH,NH,.H,0 one moles of 161
~ > -
NH ; (
161 4 SN

162
ltwo moles of 161
Ay jone moles of 161
N
M 163
__/ N—p Arq = Ary or Arq # Ar,
N 7 2 1638, Ar1 = C6H5, Ar2 = C6H4 NOz-p
N 163b, Arq = CgH, NO»-0, Ar, = CgH, NO»-0
NH2 1630, Ar1 = CGH5, Ar2 = CGH4
163 Ary = Ar, 163d, Arq = C6H4 NOz-p, Ar, = CBH4 NOQ',O
163e, Ar1 = CeH4 CH3-p, Ar2 = CGH4 CH3-p
Scheme 32
N
/ 0O 0O N H
ﬁ + H4sC OBt — N—" \
\N/NH 166 N\ /N
162 N
OFt O
O= H/N—AI'1 167 Ar = C6H4 NOz-p
—N
O 168 Ar; = CgH, NO,-p
CHj
Arz\ Y
N
/ CHs
N H
— — /N\Ar1
\N,N
@)
169a-b

1693, Ar1 = CGH4 NOQ-,O, Ar2 = C6H5
169b, Ar1 = CGH4 NOQ-,D, Ar2 = CSH4 NOz-p
Scheme 33
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AL AL
/;\l /;\l + -
N NH, N N=N CI
NaN02 p—
S~ NH AcOH /HCI Sy -NH
162 170
OH
171
Ar Y
\ — —
N§N Ar
N \
S %N N§N
\ - <~ =N AN
173 Ar= C6H4 CH3—p 172
Scheme 34

The produced disperse colorants 162, 163, 165,
167 and 169 were applied on polyester fabrics to
give, in general, satisfactory results. Such series
of 4-arylazo-2H-pyrazol-3-ylamines, arylazo-
pyrazolo[1,5-a]pyrimdin-7-ylamines and arylazo-
pyrazolo[1,5-a]pyrimidin-7-ones disperse dyes
gave yellow, orange to orange-red shades on
polyester fabrics with satisfactory levelness, high
depth of shade, and very good colorfastness to
light, rubbing, perspiration and washing [24, 87].

Conclusion

Heteroaromatic  dyestuffs are commonly
commercialized to create a full range of dyestuff
for coloration of textile fibers. The synthesis
and application of fused nitrogen-containing
heterocyclic dyestuffs for textile fibers have been
widely investigated. Many derivatives of this
category of compounds were confirmed to be
excellent dyestuffs. We presented a systematic
review of recently prepared fused nitrogen-
containing heterocycles as dyes and their dyeing
efficiency on a variety of textile fibers.
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