Spectrochimica Acta Part A 77 (2010) 1084-1087

Contents lists available at ScienceDirect

Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy

journal homepage: www.elsevier.com/locate/saa

TROCHIMICA
ITA

Some heterocyclic azo dyes derived from thiazolyl derivatives; synthesis;
substituent effects and solvatochromic studies

M.R. Yazdanbakhsh*, A. Mohammadi, M. Abbasnia

Department of Chemistry, Faculty of sciences, University of Guilan, Rasht, Iran

ARTICLE INFO ABSTRACT

Article history:

Received 24 June 2010

Received in revised form 3 August 2010
Accepted 25 August 2010

Keywords:
Aminothiazole
Aminobenzothiazole
Disperse azo dye
Solvatochromism
Substituent effects

was investigated as well.

A series of azo disperse dyes were synthesized by coupling reaction of N,N-diethylaniline, 2-
anilinoethanol and N-phenyl-2,2’-iminodiethanol with diazotized aminothiazolyl derivatives as diazo
components. These dyes have been prepared in good yields, and were characterized by UV-Vis, FT-IR
and 'H NMR spectroscopic techniques. The effects of solvent polarity and various pH on dyes in the vis-
ible absorption spectra were evaluated. All dyes exhibit an excellent correlation coefficient (r>0.92) for
the linear solvation energy relationship with 7* values calculated by Kamlet et al. The influence of the
pH on the dyes with electron-donating group implied that these dyes exist in acid-base equilibrium in
acidic environment. The effect of substituents of both coupler and diazo component on the color of dyes

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Thiazoles and their derivatives have attracted continuing inter-
est over the years because of their versatile applications in various
fields [1-4]. Thiazole derivatives also have been extensively used
in the preparation of all kinds of dyes, especially azo dyes. Due to
their sulfur and/or nitrogen content, these dyes provide bright and
strong shades that range from red to green and blue [5-10]. In addi-
tion, five-membered heterocyclic azo dyes, such as azothiazoles,
are of great importance since they have pronounced bathochromic
absorptions compared to corresponding benzoid dyes and are
environmentally friendly [6,11-14]. It is well known that azo
dyes including thiazolyl components have been hugely utilized in
the fields of nonlinear optics and optical data storage and have
shown excellent optical properties in comparison with azo dyes
derived from substituted anilines [8,9,15-17]. Recently, we have
also demonstrated that azo dyes including thiazolyl component
have many favorable features as nonlinear optical chromophores
[6].

The present paper is concerned with the synthesis of some azo
disperse dyes via coupling of heterocyclic aromatic diazonium salts
with nucleophilic components. Furthermore, the effects of sub-
stituent, miscellaneous pH and solvatochromism features on these
dyes were evaluated. The absorption maxima of these dyes changed
significantly by the introduction of various substituents on the ben-
zothiazolyl ring. Besides, the dyes 6 and 7 with methoxy group
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showed acid-base equilibrium in acidic solutions. The synthesized
dyes were characterized by 'H NMR, FT-IR and UV-Vis spectra and
the chemical structures of these dyes are shown in Scheme 1.

2. Results and discussion
2.1. Synthesis and characterization

Following the general procedure to prepare azo dyes, hete-
rocyclic amines were first diazotized utilizing nitrosyl sulfuric
acid and then treated with N-phenyl-2,2’-iminodiethanol, N,N-
diethylaniline and 2-anilinoethanol as coupling compounds
dissolved in acetonitrile containing several drops of glacial acetic
acid in an ice bath giving azo dyes 1-9 in good yields (Scheme 1).
The structures of dyes were fully confirmed by their spectral data in
deuterio-chloroform (CDCl3) deuterio-dimethylsulfoxide (DMSO-
dg), and the signals were reported at TMS as the internal reference.
In 'H NMR spectra, triplet appeared at 3.55, 3.48, 3.64 and 3.67 ppm
are indicative of N-CH, protons and triplet or quartet appeared at
3.65, 3.60, 3.86 and 3.71 ppm represent O-CH, protons for dyes
1, 4, 6 and 8, respectively. Also a broad signal of OH protons can
be seen at 4.62-4.94 ppm. For dyes 2, 5, 7 and 9 including N,N-
diethylaniline as coupler compound, and significant triplet signals
of methyl protons (CH3) were observed at 1.28, 1.31, 1.29 and
1.35 ppm, respectively. A clear quartet signals at 3.50, 3.55,3.53 and
3.71 ppm were attributed to the methylene protons. Dye 3 showed
two 2H triplet at 3.75 and 4.41 ppm, which were attributed to
methylene protons in the coupling component. As well as these dis-
tinctive signals, the two broad signals at 5.07 and 7.28 ppm, seems
to belong to the OH and NH protons, respectively. The aromatic


dx.doi.org/10.1016/j.saa.2010.08.079
http://www.sciencedirect.com/science/journal/13861425
http://www.elsevier.com/locate/saa
mailto:mr-yazdan@guilan.ac.ir
dx.doi.org/10.1016/j.saa.2010.08.079

M.R. Yazdanbakhsh et al. / Spectrochimica Acta Part A 77 (2010) 1084-1087 1085

NR;R»

CH3CN/CH3COCH

_— =

N
@ )
E >—N2 HSO, +
0°c

S

(1): Ry, Rz = CzH4OH

NR4R,

CH3CN/CH,COOH

N
[::] e

\>—N2 HSO, +

g 0°C

_—

R

(4):R=H, Ry, Ry = C,H,0H
(7): R = MeO, Ry, Ry = C2H5

(2): Ry, Ry = CoHs

(5): R=H, Ry, Ry = CoHs
B:R= NOQ, Ry, Ry = CngoH

N\ / N@—NRRZ
| N
)

(3): Ry =H, Ry =CsH40H
N N NR;R,
V4
\>7N C
S

{6): R = MeO, Ry, R, = C;H,OH
(9):R= NOg, Ry, Ry = 02H5

Scheme 1. Structures of azo dyes.

protons for all compounds were observed from 6.65 to 9.04 ppm
in the '"H NMR spectrum. Therefore, all chemical shifts assigned to
the spectrum clearly confirm the formation of these dyes.

2.2. UV-Visible and solvatochromic studies of dyes

It has long been known that UV-Vis/near-IR absorption spec-
tra of chemical compounds especially azo dyes influenced by the
surrounding medium and solvents can bring about a change in the
position, intensity, and shape of absorption bands. In order to inves-
tigate the solvatochromic behaviour of synthesized disperse dyes
we recorded their absorption spectra in 13 solvents with differ-
ent polarities at a concentration of 105 to 10~ M in the range of
300-700 nm (Table 1). The Amax of all dyes were found to exhibit a
strong solvent dependency, showing bathochromic effect (positive
solvatochromism) in more polar solvents in comparison with sol-
vents with less polarity characteristics. The higher values of Amax
were obtained in basic solvents such as DMSO, DMF for dyes includ-
ing electron-withdrawing groups on benzothiazole rings while for
dyes with electron-donating groups the higher values were gained
in acidic solvents. The red shift in basic solvents is an account
of these solvents interaction with non-bonding electron pair on
nitrogen atom of coupler compounds that causes extended con-
jugation resonance system of dyes, while the significant red shift
in glacial acetic acid (146 nm relative to cyclohexane for dye 6) is
related to presence of these dyes in hydrazone form in acidic solu-
tions as observed in our previous study [13,14]. As it is apparent
in Table 1, Amax of synthesized dyes shows a regular variation in
different solvents. In particular, all dyes exhibit an excellent cor-
relation coefficient (r) for the linear solvation energy relationship
with ¥ values calculated by Kamlet et al. [18]. Sample of such cor-
relations are provided in Fig. 1 for dyes 6 and 8. For investigated
solvents the correlation coefficient values (r) were as follows:

1"'=0.934 for Dyel, I'=0.933 for Dye2, I'=0.923 for Dye4,
I"=0.923 for Dye5, I" =0.946 for Dye6, I" = 0.932 for Dye7, I =0.967
for Dye8 and /" =0.953 for Dye9.

These values obtained without acetic acid, chloroform and
dichloromethane, which deviate from the regression line. In acidic
media presence of acid-base equilibrium causes the deviation. It
can be attributed to presence of two distinct species in the sol-
vent medium. For two other solvents the deviation may be due
to unique interactions between the polychlorinated solvents and
the solute molecules. Such interactions can be accounted using
another specific solvent polarity scale named as delta (§) that gen-
erally is used in multi-parameter correlation. Therefore, these dyes
with excellent correlation coefficient can be considered as solvent
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Fig. 1. Variation of Amax (nm) of dyes 6 and 8 as a function of 77*.

polarity indicator dyes. The influence of pH on the dye 6 with
electron-donating group is taken into account by comparison of
the absorption maxima of this dye in solutions with different pH,
and shows that the dye exists in acid-base equilibrium (Scheme 2).
Considering the Amax in Fig. 2, this dye in acidic solutions shifts to
higher wavelengths (614 nm for pH 1), which is probably related
to the prominence of hydrazone form in acidic medium, while in
neutral and basic solutions the dye exists in azo form (518 nm
for pH7 and 536 nm for pH 13). Therefore, dye 6 shows a slightly
bathochromic shift in basic medium (18 nm) relative to neutral
solutions. The UV-Vis spectroscopic study on dye 6 clearly indi-
cates that the present dye exists in acid-base equilibrium forms in
solution with pH5 as shown in Fig. 2.
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Fig. 2. Absorption of dye 6 in acidic, neutral and basic solutions at concentration of
~5x 107> M.
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Scheme 2. Acid-base equilibrium of dye 6.

Base in mind those heterocyclic azo dyes, especially those
including sulfur and/or nitrogen, provide bright strong shades
ranging from red to green and blue, which complement the
yellow-orange colors of the nitrogen heterocyclic azo dyes so as
to provide a complete coverage of the entire shade range [19,20].
Inorder to investigate the substituent effects, we recorded the spec-
tral shifts of synthesized dyes in ethanol (Table 1). As expected, the
donor-acceptor polarization of compounds 8 and 9 is increased by
introducing an electron-accepting nitro group into the 6-position
of benzothiazole ring, caused bathochromic shifts relative to sim-
ilar dyes 6 and 7 including an electron-donating group. Also dyes
4 and 5, including benzothiazolyl ring, showed bathochromic shift
due to extended resonance system in comparison with dyes 1, 2
and 3 containing thiazolyl ring as shown in Table 1. The maxi-
mum bathochromic absorption shifts along with the increase in the
electron-accepting ability of substituents in the sequence of thia-
zole (dye 1)<benzothiaole (dye 4) < p-methoxybenzothiazole (dye
6) < p-nitrobenzothiazol (dye 8) are consistent with an increase in
molecular donor-acceptor polarization.

2.3. Conclusions

In this study, a series of heterocyclic azo dyes based on thia-
zolyl derivatives with metallic shine were synthesized, good yields
of these azo dyes were obtained via purification procedures. The
structures of prepared dyes were confirmed by 'H NMR, FT-IR and
UV-Vis spectra. In order to determine the solvent polarity indicator
dyes, we carried out a study of the absorption spectra for all dyes
in selected solvents of different solvation characteristics. Also, the
influence of the pH changes on the dye 6 with electron-donating
group is considered by comparison of the absorption maxima of
this dye in solutions with different pH, these fact directed us to the
conclusion that the dye exist in acid-base equilibrium forms.

3. Experimental
3.1. Material and instrumentation
All reagents were of the highest purity available, purchased

from Merck and Aldrich Chemical Companies and were used with-
out further purification. All melting points were determined on

an electrothermal melting point apparatus and were uncorrected.
Infrared spectra were recorded on a Shimadzu 8400 FT-IR spec-
trophotometer. The 'H NMR spectra were obtained on a FT-NMR
(500 MHz) Bruker apparatus spectrometer, and the chemical shifts
are expressed in § ppm using TMS as an internal standard. UV-Vis
absorption spectra were obtained using a Pharmacia Biotech Spec-
trophotometer.

3.2. The general procedure for the synthesis and purification of
disperse azo dyes

For the preparation of dyes 1-9, the diazonium coupling reac-
tion was employed. The route of synthesis of dyes is presented
in Scheme 1. A typical procedure used for preparation of dyes is
described below.

Nitrosyl sulfuric acid solution was prepared from concentrated
sulfuric acid (8 mL) and sodium nitrite (0.21g, 3 mmol) at 70°C,
and then cooled to 5°C. This solution was added dropwise, with
stirring, to 30 mL of acetic acid and propionic acid mixture (2:1)
containing 3 mmol of heterocyclic amines (3 mmol) in an ice bath.
The mixture was then stirred for an additional 1h at 0-5°C. After
completion of diazotization procedure, the diazonium salt solu-
tion was added dropwise to the solution of coupler compounds
(3 mmol) in acetonitrile (20 mL) and some drops of acetic acid. The
resulting solution was vigorously stirred at 0-4 °C for 2 h, while the
pH of the reaction mixture was maintained at 6-7 by simultane-
ous addition of sodium hydroxide solution (0.5 M). The progress
of the reaction was evaluated by thin layer chromatography (TLC)
and then crude dyes were filtered, washed with excess water and
purified by recrystallization. The physical and spectral data of the
purified dyes are as follows.

3.2.1. Dye(1)

Violet solid with metallic luster. Yield 82%. Mp 184-186°C.
Recrystallization from acetone/H,0. IR (KBr): v 3325 (OH),
2880-2980 (Aro.-H), 1508 (N=N). 'H NMR (DMSO-dg) § 3.55 (t,
4H, N-CH,, J=5.43 Hz), 3.65 (t, 4H, O-CH,, J=5.43 Hz), 4.87 (t, 2H,
OH, J=5.12Hz), 6.92 (d, 2H, Aro.-H, J=9.33 Hz), 7.66 (d, 1H, Aro.-
H, J=3.35Hz), 7.78 (d, 2H, Aro.-H, J=9.33 Hz), 7.94 (d, 1H, Aro.-H,
J=3.35Hz).

Table 1

Solvatochromic data [Amax (nm)] for all synthesized dyes in 13 solvents with 7* values by Kamlet et al. [18].
Solvents * Dyel Amax Dye2 Amax Dye3 Amax Dye4 Amax Dye5 Amax Dye6 Amax Dye7 Amax Dye8 Amax Dye9 Amax

(nm) (nm) (nm) (nm) (nm) (nm) (nm) (nm) (nm)

Cyclohexane 0.00 446 451 368 466 470 468 476 509 512
Diethyl ether 0.24 477 475 375 497 494 499 498 531 531
Ethyl acetate 0.45 477 477 379 496 496 497 499 533 534
Dioxane 0.49 479 483 376 497 500 500 503 531 534
Ethanol 0.54 490 495 374,478 515 517 513 518 546 551
Methanol 0.60 490 496 375, 479 511 517 513 520 545 550
Acetone 0.62 484 487 371, 468 506 507 508 510 543 545
Glacial acetic acid 0.64 585 585 390, 569 600 596 614 610 584 581
Acetonitrile 0.66 486 491 371, 466 506 511 510 515 544 549
Chloroform 0.69 475 491 378 492 508 497 512 528 546
Dichloromethane 0.73 479 492 375 497 510 501 513 533 548
Dimethylformamide 0.88 497 498 378,482 520 519 522 521 559 556
Dimethylsulfoxide 1.00 504 505 378, 491 525 525 530 529 569 564
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3.2.2. Dye(2)

Red-violet solid with metallic luster. Yield 85%. Mp 170-172 °C.
Recrystallization from acetone/H;O. IR (KBr): v 2880-2980 (Aro.-
H), 1505 (N=N). "TH NMR (CDCl3) § 1.28 (t, 6H, CH3,J=7.11Hz), 3.50
(q, 4H, N-CH,, J=7.11Hz), 6.74 (d, 2H, Aro.-H, J=9.26 Hz), 7.26 (d,
1H, Aro.-H, J=3.35Hz), 7.92 (d, 1H, Aro.-H, J=3.35Hz), 7.95 (d, 2H,
Aro.-H, J=9.26 Hz).

3.2.3. Dye(3)

Red solid with metallic luster. Yield 78%. Mp 120-122 °C. Recrys-
tallization from EtOH/H;O0. IR (KBr): v 3315 (OH) 3525 (NH), 1503
(N=N). "H NMR (DMSO-dg) 8 3.75 (q, 2H, O-CH,, J=5.76 Hz), 4.41
(t, 2H, N-CH,, J=5.90Hz), 5.07 (t, 1H, OH, J=5.55Hz), 7.28 (t, 1H,
NH, J=7.34Hz), 7.44 (d, 1H, Aro.-H, J=3.48 Hz), 7.48 (t, 2H, Aro.-
H,]=7.56Hz), 7.62 (d, 2H, Aro.-H, J=7.94Hz), 7.71 (d, 1H, Aro.-H,
J=3.48Hz).

3.2.4. Dye(4)

Violet solid with metallic luster. Yield 75%. Mp 220-222 °C.
Recrystallization from acetone/H,O. IR (KBr): v 3335 (OH), 2900-
2980 (Aro.-H), 1512 (N=N). '"H NMR (DMSO-dg) § 3.48 (t, 4H,
N-CHj,J=5.39Hz),3.60 (t,4H, 0-CH,,J=5.39 Hz), 4.62 (br, 2H, OH),
6.65 (d, 2H, Aro.-H, J=9.31Hz), 7.16 (t, 1H, Aro.-H, J=7.14 Hz), 7.23
(t, 1H, Aro.-H, J=7.10Hz), 7.62 (d, 1H, Aro.-H, J=7.69Hz), 7.70 (d,
2H, Aro.-H, J=9.31Hz), 7.78 (d, 1H, Aro.-H, J=7.99 Hz).

3.2.5. Dye(5)

Violet solid with metallic luster. Yield 80%. Mp 176-178°C.
Recrystallization from acetone/H,O. IR (KBr): v 2800-2950 (Aro.-
H), 1510 (N=N). 'H NMR (CDCl3) § 1.31(t, 6H, CH3, J=7.13 Hz), 3.55
(q,4H, CH,, J=7.13 Hz), 6.78 (d, 2H, Aro.-H, J=9.33 Hz), 7.42 (t, 1H,
Aro.-H,J=7.08 Hz), 7.50(t, 1H, Aro.-H, J=7.07 Hz), 7.86 (d, 1H, Aro.-
H, J=7.48 Hz), 8.02 (d, 2H, Aro.-H, J=9.33 Hz), 8.10 (d, 1H, Aro.-H,
J=8.00Hz).

3.2.6. Dye (6)

Dark violet solid with metallic luster. Yield 86%. Mp 216-218 °C.
Recrystallization from DMF/H5O0. IR (KBr): v 3300 (OH), 2850-3000
(Aro.-H), 1509 (N=N). '"H NMR (DMSO-dg) 8§ 3.64 (s, 8H, CH,),
3.86 (s, 3H, OCH3), 4.89 (t, 2H, OH, J=5.37Hz), 6.96 (d, 2H, Aro.-
H,J=9.30Hz), 7.12 (d, 1H, Aro.-H, J=8.90Hz), 7.61 (s, 1H. Aro.-H),
7.82 (d, 2H, Aro.-H, J=9.30Hz), 7.88 (d, 1H, Aro.-H, J=8.90 Hz).

3.2.7. Dye(7)
Dark violet solid with metallic luster. Yield 90%. Mp 148-150°C.
Recrystallization from DMF/H,O. IR (KBr): v 2920-2980 (Aro.-H),

1506 (N=N). '"H NMR (CDCl3) § 1.29 (t, 6H, CH3, J=7.14Hz), 3.53
(q, 4H, CH2, J=7.14Hz), 3.95 (s, 3H, OCH3), 6.77 (d, 2H, Aro.-H,
J=9.29Hz),7.10(d, 1H, Aro.-H,J=8.89 Hz), 7.32 (s, 1H, Aro.-H), 7.98
(d, 2H, Aro.-H, J=9.29 Hz), 8.00 (s, 1H, Aro.-H).

3.2.8. Dye (8)

Violet-green solid with metallic luster. Yield 72%. Mp
240-242 °C.Recrystallization from DMF/H;0. IR (KBr): v 3380 (OH),
2910-2980 (Aro.-H), 1520 (N=N). 'H NMR (DMSO-dg) § 3.67 (t,
4H, N-CHa, J=5.17Hz), 3.71 (q, 4H, OCH,, J=5.17 Hz), 4.94 (t, 2H,
OH, J=5.24Hz), 7.07 (d, 2H, Aro.-H, J=9.44Hz), 7.89 (d, 1H, Aro.-
H, J=9.32Hz), 8.12 (d, 1H, Aro.-H, J=8.95Hz), 8.32 (d, 1H, Aro.-H,
J=8.95Hz), 9.04 (s, 1H, Aro.-H).

3.2.9. Dye(9)

Violet-green solid with metallic luster. Yield 76%. Mp 236-
238°C. Recrystallization from DMF/H;0. IR (KBr): v 2930-2990
(Aro.-H),1517 (N=N). lHNMR (CDCl3)§ 1.35(t, 6H, CHs,J = 7.09 Hz),
3.56(q,4H, CH,,J=7.09Hz), 6.81 (d, 2H, Aro.-H, J=9.10Hz), 8.03 (d,
2H, Aro.-H, J=9.10Hz), 8.13 (d, 1H, Aro.-H, J=8.82 Hz), 8.35 (d, 1H,
Aro.-H, J=8.82 Hz), 8.78 (s, 1H, Aro.-H).

References

[1] L Hutchinson, S.A. Jennings, B.R. Vishnuvajjala, A.D. Westwell, M.F.G. Stevens,
J- Med. Chem. 45 (2002) 744-747.
[2] K.D. Hargrave, F.K. Hess, J.T. Oliver, J. Med. Chem. 26 (1983) 1158-1163.
[3] K. Tsuji, H. Ishikava, Bioorg. Med. Chem. Lett. 4 (1994) 1601-1606.
[4] N. Ergence, G. Capan, N.S. Gunay, S. Ozkirimli, M. Gungor, S. Ozbey, E. Kendi,
Arch. Pharm. Med. Chem. 332 (1999) 343-347.
[5] K. Hunger, Industrial Dyes, Chemistry, Properties and Applications, third ed.,
WILEY-VCH, 2003.
[6] M.R Yazdanbakhsh, A. Mohammadi, E. Mohajerani, H. Nemati, N. Hosain Nataj,
A. Moheghi, E. Naeemikhabh, J. Mol. Liq. 151 (2010) 107-112.
[7] M.A. Salvador, P. Almeida, L.V. Reis, P.F. Santos, Dyes Pigments 82 (2009)
118-123.
[8] W. Chen, Y. Wu, D. Gu, F. Gan, Mater. Lett. 61 (2007) 4181-4184.
[9] L. Chen, Y. Cui, G. Qian, M. Wang, Dyes Pigments 73 (2007) 338-343.
[10] Z. Seferoglu, N. Ertan, G. Kickelbick, T. Hokelek, Dyes Pigments 82 (2009) 20-
25.
[11] M.S. Yen, L.]. Wang, Dyes Pigments 61 (2004) 243-250.
[12] M.A. Weaver, L. Shuttleworth, Dyes Pigments 3 (1982) 81.
[13] A.D. Towns, Dyes Pigments 3 (1999) 42.
[14] N. Sekar, Colourage 58 (2004) 51.
[15] K. Inglot, T. Martynski, D. Bauman, Dyes Pigments 80 (2009) 106-114.
[16] M. He, Y. Zhou, R. Liu, J. Dai, Y. Cui, T. Zhang, Dyes Pigments 80 (2009) 6-10.
[17] R.M.F. Batista, S.P.G. Costa, E.L. Malheiro, M. Belsleyb, M.M.M. Raposo, Tetrahe-
dron 63 (2007) 4258-4265.
[18] C. Reichardt, Solvents and Solvent Effects in Organic Chemistry, third ed.,
WILEY-VCH, 2002, pp. 433.
[19] Y. Cui, G. Qian, L. Chen, Z. Wang, M. Wang, Dyes Pigments 77 (2008) 217-
222.
[20] P.C.Tsai, I.J. Wang, Dyes Pigments 74 (2007) 578-584.



	Some heterocyclic azo dyes derived from thiazolyl derivatives; synthesis; substituent effects and solvatochromic studies
	Introduction
	Results and discussion
	Synthesis and characterization
	UV–Visible and solvatochromic studies of dyes
	Conclusions

	Experimental
	Material and instrumentation
	The general procedure for the synthesis and purification of disperse azo dyes
	Dye (1)
	Dye (2)
	Dye (3)
	Dye (4)
	Dye (5)
	Dye (6)
	Dye (7)
	Dye (8)
	Dye (9)


	References


