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ABSTRACT:  3-Amino-2-cyano-4,6-disubstituted-
thieno[2,3-bJpyridines and 3-aminopyridine were
diazotized and coupled with 2-phenylindole, 2-
methylindole, and 1-methyl-2-phenylindole, respec-
tively. These dyes were characterized by UV-Visible,
FT-IR, '"H NMR, and mass spectroscopic techniques.
Solvent effects on the visible absorption spectra of the
dyes were evaluated. The color of the dyes is discussed
with respect to the nature of the heterocyclic ring and
substituent present therein. In addition, effects of
temperature, concentration, as well as acid and base
on the visible absorption maxima of the dyes are re-
ported. © 2007 Wiley Periodicals, Inc. Heteroatom Chem
18:622-630, 2007; Published online in Wiley InterScience
(www.interscience.wiley.com). DOI 10.1002/hc.20361

INTRODUCTION

Azo compounds are very important in the fields of
dyes, pigments, and advanced materials [1]. It has
been known for many years that azo compounds are
the most widely used class of dyes owing to their
versatile application in various fields such as dyeing
of textile fibers, coloring of different materials, col-
ored plastics and polymers, biological-medical stud-
ies, and advanced applications in organic synthesis
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[2-7]. In addition, azo dye chromophores have ex-
cellent photoisomerization properties and sensitiv-
ity toward the polarized light. However, a number
of studies have been conducted on all-optical pol-
ing in azo dye-doped polymers and glasses [8]. Azo
dyes from synthesized heterocyclic coupling compo-
nents have been investigated for the production of
bright and strong color shades ranging from yellow
to greenish blue on synthetic fabrics. These results
have led commercial products to replace the conven-
tional azobenzene disperse dyes [9]. There are some
reports of azo dye derivatives of heterocycles such
as pyridone, pyrazolone, and thiophene [10-24]. The
visible absorption wavelength of these dyes are gen-
erally in the yellow to orange range due to poorly de-
localized electrons in the heterocyclic ring; however,
some of these dyes show more deeper color strength
and shades such as red or violet [4,9,11,12]. On the
other hand, the use of heteroaromatic amines as di-
azo components in the generation of disperse dyes
having essentially color-deepening effect is well es-
tablished [11,13,14].

Heterocyclic azo compounds tend to be more
strongly affected by solvents than azobenzene-
based dyes. This is a consequence of the in-
creased polarity of the system, especially in the
excited state. We have previously reported the syn-
thesis of some novel heterocyclic systems such
as hetarylazopyridones [22] and hetarylazopyra-
zolones [23], which exhibited the azo-hydrazone
tautomerism and a strong solvent dependence in
their absorption spectra. In continuation of our
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works, we herein investigate the solvatochromic
behavior of bis(hetaryl)azo compounds, which do
not exhibit the azo-hydrazone tautomerism, and
an evaluation of their visible absorption spectra
under the influence of solvents. Although many
patents and papers describe the synthesis and prop-
erties of carbocyclic azoindole compounds [24-
27], only few hetarylazoindole compounds have
been synthesized [28-35]. However, the absorption
spectroscopic properties of hetarylazoindole dyes
were not investigated. In this study, 3-amino-2-
cyano-4,6-disubstituted-thieno[2,3-b]pyridines were
synthesized according to literature method [36].
Diazotization of 3-amino-2-cyano-4,6-disubstituted-
thieno[2,3-b]pyridines and 3-aminopyridine and
their subsequent coupling with 2-methylindole, 2-
phenylindole, and 1-methyl-2-phenylindole gave a
series of bis(hetaryl)monoazo disperse dyes. The ef-
fect of solvent, temperature, and concentration of
the dyes on their visible absorption spectra was eval-
uated. In addition, spectroscopic properties of the
azo compounds were examined with respect to 4,6-
disubstituents present in the thieno[2,3-b]pyridine
ring and 2-methyl and 2-phenyl substituents present
in the indole nucleus.

EXPERIMENTAL
General

Chemicals used in the synthesis of these dyes were
obtained from Aldrich Chemical Company and were
used without further purification. Solvents used
were of spectroscopic grade.

IR spectra were recorded on a Mattson 1000 FT-
IR spectrophotometer using KBr. '"H NMR spectra
were recorded on a Bruker-Spectrospin Avance DTX
400 Ultra-Shield in DMSO-d, and CDCI;. Chemical
shifts are expressed in § units (ppm). UV-Visible
absorption spectra were recorded on Analytika-
jena UV-200 spectrophotometer at the wavelength
of maximum absorption (Ay.) of dyes in a range
of solvents, that is, dimethylsulphoxide (DMSO),
dimethylformamide (DMF), acetonitrile, methanol,
acetic acid, and chloroform at various concentra-
tions (approximately 1 x 10=° to 1 x 10-8). Change of
Amax Was investigated when 0.1 ml piperidine was
added to 1 ml dye solutions in DMSO, DMF, and
chloroform, respectively, as well as when 0.1 ml base
(potassium hydroxide, 0.1 M in methanol) or 0.1 ml
hydrochloric acid (0.1 M in methanol) was added to
1 ml methanolic dye solutions. In addition, change
of Amax in DMSO and DMF was examined over the
temperature range 25°C to 70°C. Mass spectra were
recorded on Agilent 5973 Network Mass Selective
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Detector, SIS (Direct Insertion Probe, Germany),
with an electron impact of 70 eV. All melting points
were uncorrected and are reported in degree Celsius

().

Preparation of Hetarylazoindole Dyes 1-9

Diazotization of various heterocyclic amines was
achieved with nitrosyl sulphuric acid. The diazo-
nium salts thus obtained were subsequently coupled
with indole derivatives. A typical procedure starting
from 3-aminopyridine is the one that is described be-
low; all other dyes were prepared in a similar man-
ner. Yields of the dyes are in the range of 55% to 80%.
Characterization data are shown in Tables 1 to 2.

Preparation of 2-phenyl-3-(3-pyridlylazo)-1H-
indole 7. 3-Aminopyridine (2.0 x 10~ mol, 0.18 g)
was dissolved in a hot glacial acetic acid/propionic
acid mixture (2:1, 6.0 ml) and was rapidly cooled
in salt/ice bath to —5°C. The liquor was then added
in portions in a 30 minute duration to a cold
solution of nitrosyl sulphuric acid (prepared from
sodium nitrite (0.15 g) and concentrated sulphuric
acid (3 ml at 50°C)). The resulting mixture was
stirred for an additional 2 h at 0°C. Excess nitrous
acid was destroyed by the addition of urea. The
resulting diazonium salt was cooled in salt/ice bath.
After diazotization was complete, the diazo liquor
was slowly added to vigorously stirred solution of
2-phenylindole (2.0 x 10~ mol, 0.39 g) in acetic
acid/propionic acid mixture (2:1, 8 ml). After 2 h,
the reaction mixture was maintained at pH 4-6
by the simultaneous addition of saturated sodium
carbonate solution. The mixture was then stirred
for additional 1 h at 0°C to 5°C. The resulting
product was filtered, washed with water, dried,
and finally recrystallized from ethanol/H,0 mixture
to give a yellow crystalline solid (yield: 65%; mp:
217°C-218°C).

RESULTS AND DISCUSSION

Characterization of the Novel Azocoupling
Products (1-9) by Melting Point, FT-IR, 'H
NMR, and Mass Spectra

Hetarylazoindole dyes 1-9 were prepared by
coupling 2-methylindole, 2-phenylindole, and
1-methyl-2-phenylindole with diazotized 3-amino-
2-cyano4,6-disubstituted-thieno[2,3-b]pyridines and
3-aminopyridine in nitrosyl sulphuric acid
(Scheme 1). These dyes were structurally char-
acterized by FT-IR, 'H NMR (Table 1), and mass
spectral data (Table 2). The dyes prepared from
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TABLE 2 Mass Spectra (MS), Isolated Yields, and Melting
Points of Dyes 1-9

Dye MS (m/z, Isolated Melting Point®
No. M) Yield? (%) °C)

1 407 68 246-248
2 531 55 dec.> 300
3 345 78 dec.> 300
4 469 75 177-178
5 421 80 111-112
6 545 75 184-185
7 298 65 217-218
8 236 70 270-272
9 312 79 147-148

Abbreviation: dec., decomposition.
2Yield of pure product.
bRecrystallized from ethanol/H,O.

2-methylindole (dyes 3, 4, and 8) and 2-phenylindole
(dyes 1, 2, and 7) may exist in two possible tau-
tomeric forms, namely, azo form A and hydrazone
B, as depicted in Scheme 2. The deprotonation
reaction of two tautomers leads to a common anion
C.

IR spectra of the dyes prepared from 2-
methylindole (dyes 3, 4, and 8) and 2-phenylindole
(dyes 1, 2, and 7) showed a weak and a broad band
within the range 3442 to 3358 cm™! due to indole

1. Ry=R:=CH;, Rs=H,R;=Ph 4 R =R:=Ph,Ra=H, Ry=CH;
2R =R:=Ph,Ry=H,Ry=Ph 5. Ry =R:=CH;,Ry=CH;3,Ry=Ph
3R =R:=CH;,Ri=H,Ry=CH; 6.Ry=R:=Ph,Ri=CH;, Ry=Fh
N
= X
S—
N=—N
N
Ry
7.Ri=H, Ry=Ph
8.Ri=H,Ry=CH:s

9. Ry =CH;, Ry=Ph

SCHEME 1  Structures of dyes 1-9.
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SCHEME 2 Azo-hydrazone tautomerization of hetaryla-
zoindole dyes 1-4, 7, and 8.

vng (Table 1). These bands were not observed in the
IR spectra (in KBr) of the dyes prepared from 1-
methyl-2-phenylindole (dyes 5, 6, and 9). The other
Vmax Values at 3095-3044 cm™' (aromatic CH) and
2973-2915 cm™! (aliphatic CH) were also recorded.
'"H NMR spectra except for dyes 5, 6, and 9 exhibit
one broad peak at 12.01 to 9.11 ppm, which were due
to—NH indole protons. These spectral data generally
conclude that the tautomeric equilibrium of the dyes
derived from 2-methylindole and 2-phenylindole is
in favor of the azo form in the solid state as well
as in DMSO or DMSO/chloroform mixtures. Dyes
5, 6, and 9 exhibit one tautomeric form (azo) and
are used as model compounds. Mass spectra show
the molecular ion peaks of the dyes and are given in
Table 2.

UV-Visible Spectroscopic Study

Since the tautomeric equilibrium strongly depends
on the nature of media, the behavior of hetaryla-
zoindole dyes in various solvents was studied. For
this purpose, absorption spectra of hetarylazoindole
dyes 1-9 were recorded in various solvents at a con-
centration range of approximately 107 to 108 M
and were run at different concentrations because of
solubility problem. The results are given Table 3. It
was found that the absorption maxima of these dyes
are strongly dependent on solvents and vary with sol-
vent polarity. The dyes generally show bathochromic
shifts with the increasing polarity of the solvents,
but do not show a regular variation. The influence of
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solvents for the dyes increase in the order DMSO >
DMF > acetonitrile ~ methanol > acetic acid > chlo-
roform. The spectral shifts of dyes 9 and 3 in various
solvents are shown in Figs. 1 and 2, respectively.

Heterocyclic-based azo disperse dyes tend
to show larger solvatochromic effects than
azobenzene-based dyes because of increased po-
larity of the dye system, especially in the excited
state. Similar effects for some derivatives of these
dyes containing benzothiazolyl, thiazolyl, thiadia-
zolyl, and thienyl moieties have been reported [37-
42]. On the other hand, the tautomeric equilibrium
in hetarylazo dyes prepared from indole-type cou-
pling components needs further consideration.

Absorption spectra of these dyes showed only
one absorption maxima without shoulder in the sol-
vents used. The results show that only one tau-
tomeric form is present in the solvents used. In
proton-donating solvents such as acetic acid, dyes 4-
9 give a bathochromic shift relative to other solvents
(Fig. 1) (for dye 5, Appx =443 nm in DMSO, 440 nm in
DMF, 418 nm in acetonitrile, 431 nm in methanol,
411 nm in chloroform, and 489 nm in acetic acid;
for dye 9, Amax =401 nm in DMSO, 398 nm in DMF,
397 nm in acetonitrile, 395 nm in methanol, 394 nm
in chloroform, and 426 nm in acetic acid). In ad-
dition, in proton-accepting solvents, such as DMSO
and DMF, dyes 1-3 give a bathochromic shift of A,
relative to other solvents (for dye 1, Ar.«=35nmin
DMSO and 27 nm in DMF relative to chloroform; for
dye 3, Alpax =23 nm in DMSO and 14 nm in DMF
relative to chloroform) (Fig. 1).

In addition, it was observed that the absorp-
tion curves of dyes 1-9 were very sensitive to acid
and bases. For dyes 1-4, 7, and 8, ... showed a
large bathochromic shift when 0.1 ml piperidine was
added to each of the dye solutions in DMSO and
DMF (Table 4). For dyes 1-4, 7, and 8, both a shoul-
der (dyes 7 and 8) at the long wavelength region
and a maxima at the short wavelength region were
observed as a result of the addition of 0.1 ml piperi-
dine to their DMSO and DMF solutions. In contrast,
dye 2 has two absorption maxima in basic DMSO
and DMF solutions. This equilibrium may exist be-
tween the tautomeric and anionic forms. The other
dyes (1, 3, and 4) exhibit only one absorption max-
ima at long wavelength. This suggests that the dyes
exist mainly in the common anionic form (Figs. 3a
and 3b) (for dye 1, Ar,.c =97 nm in DMSO and 104
nm in DMF relative to DMF + piperidine; for dye 3,
AAmax 18 83 nm and 89 nm in DMF relative to DMF +
piperidine).

However, similar results were not observed
when 0.1 ml piperidine was added to each of the
dye solutions in chloroform. For dyes 1-4, 7, and 8,

(25°C)
423
443
438
429
411
408
398
379
394

(25°C)
423
441
436
429
411
408
398
377
394

(25°C)
439
446
448
472
489
477
426
410
426

(25°C)
441
448
448
470
487
480
424
409
426

(25°C)
435
452
446
433
431
434
404
385
395

(25°C)
438
452
444
431
434
432
405
387
396

(25°C)
426
447
440
438
418
421
402
381
397

DMF A.nitrile conc. A.nitrile dil. Meth. conc. Meth. dil. A. Acid. conc. A. Acid. dil. Chl. conc. Chl. dil.
25°C)
428
447
438
435
416
420
404
379
399

(25°C) (70°C)
451
459
449
441
442
436
411
388
399

450
457
452
443
440
438
407
387
398

(70°C)  (25°C)
455 450
462 457
455 453
447 442
440 440
443 438
412 406
392 388
403 398

Influence of Solvent, Temperature, and Sample Concentration on Absorption Maxima (in nm) of Dyes 1-9
(25°C)
458
466
461
450
443
442
409
390
401

(25°C)
450
462
461
449
446
442
410
390
400

No.

Abbreviations: s, shoulder; A. acid, acetic acid; Chl., chloroform; Meth., methanol; A. nitrile, acetonitrile; conc., concentrated; and dil., diluted.

Dye DMSO conc. DMSO dil. DMSO DMF conc. DMF dil.

TABLE 3

~TANNITOONOO®D
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2.0
1.8 4 ; ¥
1. Acetic acid
1.6 2. Acetonitrile
3.DMF
4.DMS0
@ 5.Chloroform
:E: 6.Methanol
=
E
=
300 400 500 600 700 800
Wavelength (nm)
FIGURE 1 Absorption spectra of dye 9 in various solvents.
20
1.8 4
L6 I.Acetic Acid
’ 2. Acetonitrile
14 4 3. DMF
4. DMSO
g 1.21 5. Chloroform
_hz — 6. Methanol
E
< 084\
0.6 -
0.4
0.2
0.0 - : -
300 400 500 600 700 800
Wavelenght (nm)
FIGURE 2 Absorption spectra of dye 3 in various solvents.
TABLE 4 Absorption Maxima (in nm) of Dyes 1-9 in Acidic and Basic Solutions
Dye DMSO + DMF + Methanol +  Methanol + Chloroform +
No DMSO  Piperidine  DMF  Piperidine  Methanol KOH HCI Chloroform Piperidine
1 458 555 450 554 435 522,439 s 483 423 428,478 s
2 466 439, 583 457 580, 441 452 533, 442 s 488 443 451
3 461 544 452 541 446 520, 447 s 481 438 444
4 450 555 443 560 433 511 464 429 438
5 443 442 440 438 431 429 458 411 413
6 442 444 438 439 434 430 448 408 409
7 409 492 407 408,491 s 404 433 442 398 402
8 390 389,472s 387 386,481s 385 428 421 379 388
9 401 400 398 398 395 396 428 394 394

Abbreviation: s, shoulder.

Heteroatom Chemistry DOl 10.1002/hc
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1.0 4

0.8 4

a2

0.6 4

Absorbance

0.4 4

0.2 4

0.0 T T

| Acetic acid
2.DMSO
3.DMSO+piperidine

a)

300 400 500

T T

600 700 800

Wavelength (nm)

1.0+

0.8 4

Absorbance

0.6 4

1. Acetic acid
2.DMF
3.DMF+piperidine

(b

0.0 T T
300 400 500

T T 1

600 700 800

Wavelength (nm}

FIGURE 3 Absorption spectra of dye 3 in acidic and basic solution: (a) acetic acid, DMSO, and DMSO + piperidine; (b) acetic

acid, DMF, and DMF + piperidine.

Amax Showed a slight bathochromic shift when 0.1 ml
piperidine was added to each of the dye solutions
in chloroform, whereas dyes 1-4, 7, and 8 exhibit
one absorption maxima with the exception of dye
1 (for dye 3, AAn. =8 nm in chloroform relative to
chloroform + piperidine; for dye 4, A, =9 nm
in chloroform relative to chloroform + piperidine)
(Fig. 4a).

Similarly, when 0.1 mL KOH was added to a
methanolic solution of dyes 1-4, 7, and 8, both a
shoulder (dyes 1-3) at the short wavelength region
and a maxima at the long wavelength region was
observed (Fig. 4b). This equilibrium may exist be-
tween the tautomeric and anionic forms. The other
dyes (4, 7, and 8) exhibit only one absorption max-
ima at long wavelength. This findings show that dyes

4, 7, and 8 may exist mainly in the common anion
form (for dye 4, AX..« =78 nm in methanol relative
to methanol + KOH; for dye 7, AAn.,=29 nm in
methanol relative to methanol + KOH). This indi-
cates that hetarylazoindole dyes 1-4, 7, and 8 exist
in a dissociated state when a small amount of base
was added to each of the dye solutions in DMSO,
DMF, chloroform, and methanol (Table 4).

On the other hand, ... values of the dyes in
methanol showed bathochromic shifts when 0.1 ml
HCI was added, being nearly the same as those ob-
served in acetic acid. This suggests that these dyes ex-
ist in the cationic form in the acidic medium (for dye
5, Adp. =27 nm in methanol relative to methanol +
HCI; for dye 1, Adp.. =48 nm in methanol relative
to methanol + HCI).

Heteroatom Chemistry DOl 10.1002/hc
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2.0

1.8 4 1.Chloroform

16 - 2.Chloroform+piperidine
' 3.Acetic acid

1.4

Absorbance

(a)

600 700 800

Wavelength (nm)

Absorbance

|.Methanaol
2. Methanol+HCI
3. Methanol+KOH

(b

- I
0.6 k
04 - A
%
0.2 4

0.0 T
300 400 500

600 700 B00

Wavelength (nm)

FIGURE 4 Absorption spectra of dye 3 in acidic and basic solution: (a) chloroform, chloroform + piperidine, and acetic acid;

(b) methanol, methanol + HCI, and methanol + KOH.

The effect of dye concentration and temperature
on absorption maxima was also examined. For dyes
1-9, A1 values did not change significantly with dye
concentration in all solutions and in the temperature
range 25°C to 70°C for dye solutions in DMSO and
DMF (Table 3). These findings support the disso-
ciation equilibrium of hetarylazoindoles in proton-
accepting solvents, which do not involve a change in
energy.

A thiophene ring is fused to the pyridine ring
and substituted cyano group in dyes 1-6. For dyes
1-6, L. showed a bathochromic shift relative to
dyes 7-9 in solvents used (for dye 3, A, =71 nm
relative to dye 8 in DMSO; for dye 5 Alp. =42
nm relative to dye 9 in DMSO). In addition, ab-
sorption spectra of dyes 7 and 8 change signifi-

Heteroatom Chemistry DOl 10.1002/hc

cantly in solvents used when a phenyl group was
replaced with a methyl group in the indole ring
(for dye 7, Aimay=19 nm relative to dye 8 in
DMSO). In contrast, absorption spectra of dyes 1-
4 did not show regular variation when a phenyl
group was replaced with a methyl group in the
indole ring. The bathochromic and hypsochromic
shifts were observed for dyes 1, 3 and dyes 2,
4, respectively, in solvents used, when a methyl
group was introduced in position 2 of the in-
dole ring instead of a phenyl group (for dye 1,
Almax = 3 nm relative to dye 3 in DMSO; for dye 2,
Almax = 16 nm relative to dye 4 in DMSO). On the
other hand, the hypsochromic and bathochromic
shifts were observed for dyes 1, 2 and dyes 3, 4,
respectively, in solvents used, when a methyl group
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was introduced in both positions 4 and 6 of the
thieno[2,3-b]pyridine ring instead of a phenyl group
(for dye 1, Ain. =8 nm relative to dye 2 in DMSO;
for dye 3, AApm. =11 nm relative to dye 4 in DMSO).
In contrast, absorption spectra of dyes 5 and 6 did
not change significantly in solvents used when a
phenyl group was replaced with a methyl group in
both positions 4 and 6 of the thieno[2,3-b]pyridine
ring.

CONCLUSIONS

In this study, a series of novel heterocyclic disperse
azo dyes were prepared by coupling 2-methylindole,
2-phenylindole, and 1-methyl-2-phenylindole
with 3-amino-2-cyano-4,6-disubstituted-thieno[2,3-
b]pyridine and 3-aminopyridine in nitrosyl sulphuric
acid. These dyes were characterized by UV-Visible,
FT-IR, 'H NMR, and mass spectroscopic tech-
niques. In addition, the solvent effect on the visible
absorption spectra of the dyes was evaluated. It was
found that the absorption maxima of these dyes
strongly depend on the solvent used and vary with
solvent polarity. On the other hand, the color of the
dyes was discussed with respect to the nature of
the heterocyclic ring and the substituents present
therein. The effect of temperature, concentration,
as well as acid and base on the visible absorption
maxima of the dyes was also reported. Finally, it
was observed that the absorption curves of the
synthesized dyes were very sensitive to acid and
bases.
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