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Abstract
In this study, seven novel thiazolyl azo dispergesd6a-g) were synthesized and fully
characterized by FT-IRH NMR, **C NMR, and mass spectral techniques. The electronic
absorption spectra of the dyes in solvents of diffepolarities cover &nax range of 404-512
nm. The absorption properties of the dyes changasitidally upon acidification. This was
due to the protonation of the nitrogen in the tbiezing, which in turn increased the donor-
acceptor interplay of ther system in the dyes, and therefore increased tlserpaiton
properties of the prepared dyes. Thermal analysiwed that these dyes are thermal stable up
to 269°C. Additionally, the electrochemical behavior o€ ttyes(6a-g) were investigated
using cyclic voltammetric and chronoamperometrichteques in the presence of 0.10 M
tetrabutylammonium tetrafluoroborate dimethylsulfoxide at a glassy carbon electrode. The
number of transferred electrons, and the diffusiomefficient were determined by
electrochemical methods. The results showed tbatalf the dyes, one oxidation peak and

two reduction peaks were observed.

Keywords. Azo dyes, Coumarin, 2-aminothiazole, Acidochramis Spectroscopy,
Electrochemistry.
*Corresponding author Tel.: +90 222 2393750; fa80 222 2393578

* E-mail addresses: mujgan@oqgu.edu.tr, znsefer oglu@gazi.edu.tr




1. Introduction

Nitrogen-containing heterocyclic compounds constit@an important class of aromatic
heterocyclic structures due to their exceptionabrptacological properties [1]. These
compounds have a variety of functional groups aadnfthe backbone of bioactive
compounds [2-6]. Thiazole ring plays an importaolerin the chemistry of heterocyclic
compounds and exists in the structure of a numbbiotogically active molecules [7,8]. It is
found in the structure of some natural producthiagVitamin B1 (thiamine), penicillin and
carboxylase. Furthermore, 2-aminothiazole whicarismportant derivative of thiazole, is a
leading precursor in the development of drug def®gn2-aminothiazole based compounds,
which are derived by attaching different substitaeat different positions on the ring, show
some important pharmacological and biological aotls [11,12]. Apart from the
pharmacologically important field of use, 2-amina#tole and its derivatives are widely used
as coupling and diazo components in dye indus@y. [Lhe increase in fiber production in the
textile industry requires the development and sgsithof new disperse dyes. Disperse azo
dyes have attracted considerable attention in lgagood fastness properties, and due to their
cheap production in recent years. Color, light, arash fastness of heteroarylazo disperse
dyes obtained by coupling with the diazo compor@nanother heteroaryl component are
better than the carbocyclic analogs, since bothdiago and the coupling components are
heterocyclic compounds [14-16]. Therefore, in récgrars, a number of azo dyes, which
were obtained by using 2-aminothiazole as the esogmomponent and its derivatives as the
diazo components, and their properties were ingat&d [17-20]. The synthesis of these new
derivatives of 2-aminothiazo will particularly coiute to diversification, and will also lead

to increase in color range.



Coumarin has a high fluorescence in visible lighhigh quantum yieldand superior photo-
stability [21-24]. Moreover, the absorption and ssion characteristics, according to the
characteristics of the solvent used, can be adjusasily in coumarin derivatives, especially
when having electron accepting or donating submstigl at the 3- and 7-positions [25,26].
Coumarin derivatives obtained in these forms areerg@l materials for a wide field of
applications such as optical brighteners, lasesdgenlinear optical chromophores (NLO),
solar collectors, monitoring systems in medicinel dnology, electroluminescence (EL)
materials, fluorescent labels and chemosensor8¢27~urthermore, coumarin ring is readily
available and functionalized. Therefore, we prodo8®t the integration of coumarin unit
into thiazolyl azo disperse dye based structuesg]d to novel dye structures with promising
properties that may be considered for the developrokfunctional dyes. Therefore, in this
study, we report the syntheses of azo dyes beaougarin unit as the main structure. Due to
its good photophysical properties we think that slyathesized azo dyg6a-g) can exhibit
better photophysical activity. Firstly, here we etatined the photophysical properties of a
series of newly synthesized thiazolyl azo dispedyes in different solvents and then
examined the azo-hydrazone tautomeric equilibriathe same solvents. The reduction-
oxidation and thermal behavior of the azo dyes playmportant role in biomedical research,
dyeing textile fibers, liquid crystal displays, efe-optical devices, laser-inkjet printers, and
treatment of azo dyes waste [37]. The electrochanpioperties of the synthesized azo dyes
were evaluated. The thermal properties of the ®gitled azo dyes were also investigated by

using thermogravimetric analysis.



2. Experimental

2.1. Materials and Methods

All the chemicals used in this study were purchdsech Sigma-Aldrich and were used as
without any further purification. Thin-layer chrotography was carried out using precoated
aluminium-backed plates (Merck Silica Gel 60 F2&d)l visualised under UV lighk£€254-
362 nm). FT-IR (ATR) Spectra were recorded on &iReEImer 100 FT-IR spectrometer (
are in cnt). *H and**C NMR spectra were recorded on a Bruker 300 MHztspmeter in
DMSO-ds. Coupling constantlf are given in hertz (Hz). Signals are abbreviaedollows:
singlet, s; doublet, d; doublet-doublet, dd; triptemultiplet, m. Chemical shift®) are given

in parts permillion (ppm) using the residue solvpataks as reference relative to TM3.
values are given in Hertz (Hz). Mass analysis watsined by using Waters 2695 Alliance
ZQ Micromass LCMS working with ESI apparatus; inzmfrel. %) (Department of
Pharmacological Sciences, Ankara University Lalwias). The melting points were
measured using Schmelzpunktbestimmer SMP |l apmaranhd are uncorrected. Thermal
analyses (TG/DTA) were performed with a Perkin Hinlamond TG/DTA Thermal
Analyzer at a heating rate of 10 °C iliin a static atmospherat the temperature of 30-900
°C. Voltametric measurements were carried out us@gl 760d Electrochemical
Workstation. Glassy carbon electrode (BAS MF-20H2)d 11 pum-ultramicro carbon
electrode (BAS MF-2007) were used as the workiegtebdes. The electrodes were polished
with 1 pm and 0.05um alumina slurries made from dry Buehler alumind altra pure water,
on polishing microcloth, before each use. A platinwire was used as the auxiliary electrode
(BAS MW-1032). The reference electrode was a silviee in contact with 0.01 M AgN©®

(BAS MF-2052). All the solutions were deaerated fidy min. with pure nitrogen. All



measurements were taken at room temperatureix 2L °C. In all the voltammetric
measurements, the background currents were autmihatisubtracted from the original
currents obtained. The number of transferred alastirand the diffusion coefficients were

determined by ultramicro electrode CV techniqu@afanski method [38].

2.2. Preparation of dyes (6a-g)

Diazotization of various heterocyclic amines was@td using B0, and NaNQ. A typical
diazotization and coupling procedures are describetbw for 2-amino-4-(coumarin-3-
yhthiazole (3) and 1,2-dimethyl-H-indole (5a), and all the other dyes were prepared in a
similar manner. All the compounds obtained werefigar by crystallization from ethanol

and then analyzed.

Preparation of (E)-3-(2-((1,2-dimethyl-1H-indol-3-yl)diazenyl)thiazol-4-yl)-2H-chromen-2-

one (6a)

2-amino-4-(coumarin-3-yl)thiazol€3) (0.49 g, 2.0 mmol) was dissolved in glacial acetic
acid-propionic acid mixture (2:1, 6.0 mL) and wagpidly cooled in a salt/ice bath to (?G.
The solution was placed in an ice-salt bath to.cafier that, cold solution of NaN{J0.15 g,

2 mmol) in water (3.0 mL) was added dropwise whtliering. The mixture was stirred for an
additional 1 h at 8C. Excess nitrous acid was removed by the adddfamea. The resulting
diazonium salt4) was cooled in a salt/ice mixture. The 1,2-dimefti-indole (5a) (0.29 g,
2.0 mmol) was also dissolved in a mixture of glha@etic acid- propionic acid solution (3:1,
8 mL) and cooled in an ice bath. Cold diazoniunusoh wasadded to this cooled solution in

a dropwise manner while stirring. The solution wasn stirred at 0-8C for 1 h. The pH of



the reaction mixture was maintained at 4-6 by titermitent addition of saturated sodium
carbonate solution. The mixture was further stificedl h at room temperature. The resulting
solid was filtered, washed with cold water, andntldgied. Recrystallization of the resulting
dried solid from ethanol gave an orange powder (MM0.45 g/mol, &H16N4O.S vyield:
0.649 g, 81%; m.p: 281-28L); FT-IR (ATR): vmax 3077 (aromatic C-H), 1712 (C=0),
1484, 1475, 1451 (C=C), 1399 (N=N), 1360, 1315,11@N), 1169 (C-O-C) cit ‘H NMR
(300 MHz, DMSO+dg): 5 8.94 (s, 1H), 8.36 (m, 1H), 8.29 (s, 1H), 8.00, (@ 7.8, 1.3 Hz,
1H), 7.65 (m, 3H), 7.48 — 7.37 (m, 4H), 3.84 (d,-BICHs), 2.79 (s, 3H,-CH); **C NMR (75
MHz, DMSO-dg): 6 179.3, 159.4, 153.0, 151.9, 147.2, 139.7, 13832.6, 132.6, 132.4,
129.6, 125.0, 124.6, 122.3, 120.7, 119.7, 119.2,111118.5, 116.3, 111.7, 31.0, 10.6; LC-

MS: (M+1)" (m/z): 401.24 (100%).

Preparation of (E)-3-(2-((1-methyl -2-phenyl-1H-indol - 3-yl )diazenyl )thiazol -4-yl)-2H-

chromen-2-one (6b)

This dye was obtained by coupling diazotized anf#)ewith 1-methyl-2-phenyl-#H-indole
(5b), as a tile red powder (MW: 462.52 g/mok/E:sN40,S, yield: 0.592 g, 64%; m.p: 261-
262 °C). FT-IR (ATR):vmax 3055 (aromatic C-H), 1720 (C=0), 1489, 1468(C=C387
(N=N), 1323, 1252 (C-N), 1170 (C-O-C) &m'H NMR (300 MHz, DMSOd): & 8.97 (s,
1H), 8.52 — 8.46 (m, 1H), 8.29 (s, 1H), 8.02 (dd; 7.7, 1.2; Hz, 1H), 7.85 — 7.76 (m, 3H),
7.70-7.60 (m, 4H), 7.55 — 7.39 (m, 5H), 3.91 (s,-8BICHs); 2*C NMR (75 MHz, DMSO#):

§ 159.4, 153.0, 139.8, 138.4, 132.4, 132.2, 13(128,6, 128.6, 128.3, 125.8, 125.3, 125.2,
122.9, 120.6, 119.8, 119.7, 118.2, 116.3, 112.17;3-MS: (M+1) (m/z): 463.39 (100%),

485.19 (M+Na).



Preparation of (E)-3-(2-((2-phenyl-1H-indol-3-yl)diazenyl)thiazol-4-yl)-2H-chromen-2-one

(6¢)

This dye was obtained by coupling diazotized ang#jewith 2-phenyl-H-indole 6¢), as a
red powder (MW: 448.50 g/mol,.gH16N4O.S, yield: 0.762 g, 85%; m.p: 272-273) FT-IR
(ATR): vmax 3305 (N-H), 3130 (aromatic C-H), 1717 (C=0),4638, 1454 (C=C), 1393,
1349 (N=N), 1207 (C-N), 1168 (C-O-C) &n'H NMR (300 MHz, DMSO#ds): & 13.00 (s,
1H,-NH), 8.98 (s, 1H), 8.50-8.42 (m, 1H), 8.38X8l), 8.16 — 8.09 (m, 2H), 8.02 (ddi= 7.9,
1.4 Hz, 1H), 7.71-7.52 (m, 5H), 7.51-7.35 (m, 58¢ NMR (75 MHz, DMSOd): & 179.3,
159.4, 153.0, 147.6, 146.8, 139.9, 137.0, 132.9.7.3130.5, 129.7, 129.3, 126.0, 125.3,

124.7, 123.3, 120.6, 119.9, 119.7, 119.2, 116.3,111L.C-MS: (M+1} (m/z): 449.31 (100%).

Preparation of (E)-3-(2-((4-(diethylamino)phenyl)diazenyl)thiazol-4-yl)-2H-chromen-2-one

(6d)

This dye was obtained by coupling diazotized anf#ewith N,N-diethylaniline 6d), as a
claret red powder (MW: 404.48 g/molyE,0N40.S yield: 0.421 g, 52%; m.p: 290-28CT).
FT-IR (ATR): vmax 3148 (aromatic C-H), 1717 (C=0), 1484 (C=C), 188&N), 1349, 1235
(C-N), 1150 (C-O-C) ci; *H NMR (300 MHz, DMSO#): & 8.95 (s, 1H), 8.38 (s, 1H), 8.00
(d,J = 6.5 Hz, 1H), 7.85 (d] = 9.2 Hz, 2H), 7.71-7,60 (m, 1H), 7.51 — 7.37 4H), 6.91 (d,

J = 7.0 Hz, 3H), 3.15 (s, 6HFC NMR (75 MHz, DMSO€g): a good spectrum was not

obtained; LC-MS: (M +2) (m/z): 406.62 (100%), 363.09 (6.1%, M-44).



Preparation of (E)-3-(2-((4-(phenylamino)phenyl)diazenyl)thiazol -4-yl)-2H-chromen-2-one

(6e)

This dye was obtained, by coupling diazotized anf)evith N,N-diphenylamine e), as a
claret red powder (MW: 424.47 g/moly4E1eN4O,S yield: 0.636 g, 75%; m.p: 275-276).
FT-IR (ATR): vmax 3349 (N-H), 3028 (aromatic C-H), 1708 (C=0), 149681 (C=C), 1387
(N=N) 1252, 1200 (C-N), 1142 (C-O-C) &€m'H NMR (300 MHz, DMSOsdg): & 9.36 (s,
1H,-NH), 8.92 (s, 1H), 8.39 (s, 1H), 7.96 (dds 7.7, 1.2 Hz, 1H), 7.85 (d,= 9.0 Hz, 2H),
7.67 — 7.61 (dtJ) =8.5 Hz, 1.4 1H), 7.46 — 7.34 (m, 5H), 7.28J¢ 7.5 Hz, 2H), 7.17 (d]
=9.1 Hz, 2H), 7.10 (d) =7.2 Hz, 1H);*C NMR (75 MHz, DMSO#€s): a good spectrum was

not obtained; LC-MS: (M+1)(m/z): 425.57 (100%).

Preparation of (E)-1,3-dimethyl-5-((4-(2-oxo-2H-chromen-3-yl )thiazol - 2-

yl)diazenyl)pyrimidine-2,4,6(1H,3H,5H)-trione (6f)

This dye was obtained, by coupling diazotized an{#jewith 1,3-dimethylbarbituric acid
(5f), as a dark caramel powder (MW: 411.39 g/makHzsNs0sS vyield: 0.197 g, 24%; m.p:
324 °C). FT-IR (ATR): vmax 3146 (aromatic C-H), 1723 (C=0), 1434 (C=C), 13KZEN)

1231 (C-N), 1090 (C-O-C) cth 'H NMR (300 MHz, DMSOde): & 14.50 (b, tautomeric
hydrazone -NH), 8.81 (s, 1H), 8.16 (s, 1H), 7.93)(d 7.0 Hz, 1H), 7.66 (t) = 7.7 Hz, 1H),
7.51 — 7.37 (m, 3H), 3.23 (s, 6H,-NH’C NMR (75 MHz, DMSOdg): a good spectrum

was not obtained; LC-MS: (M+1)m/z): 412.38 (32%), 434.13 (100%).



Preparation of (E)-6-amino-1,3-di methyl-5-((4-(2-oxo-2H-chromen-3-yl )thiazol - 2-

yl)diazenyl)pyrimidine-2,4(1H,3H)-dione (6g)

This dye was obtained, by coupling diazotized an{d#lewith 6-amino-1,3-dimethyluracil
(59), as a light brown powder (MW: 410.41 g/mokg14NeO,S yield: 0.263 g, 32%; m.p:
308 °C). FT-IR (ATR): vmax 3222-3168 (N-H), 3028 (aromatic C-H), 1713 (C=Q}47
(C=C), 1328 (N=N) 1252, 1202 (C-N), 1168 (C-O-C)tiH-NMR (300 MHz, DMSOd):

6 11.50 (b, tautomeric hydrazone -NH), 9.40 (s, NH)}, 8.88 (s, 1H), 8.25 (s, 1H), 7.99 (4,
= 6.7 Hz, 1H), 7.70-7,60 (m, 1H), 7.51 — 7.39 (h),33.41 (s, 3H,-NCHh), 3.25 (s, 3H, -
NCHs). 1*C- NMR (75 MHz, DMSO#k): a good spectrum was not obtained; LC-MS: (M+1)

(m/z): 411.26 (100%).

3. Result and Discussion

3.1. The synthetic procedures and characterizations of thiazolyl azo disperse dyes (6a-g)

The azo disperse dyeSag) were preapared by coupling,2-methylindole §a), 1-methyl-2-
phenylindole §b), 2-phenylindole §c), N,N-diethylaniline 6d), N,N-diphenylamineje), 1,3-
dimethylbarbituric acid §f), and 6-amino-1,3-dimethyluracibg), with diazotized 2-amino-
(4-coumarinyl)thiazole 4), (Scheme 1) In the synthetic pathway, 2-hydroxybenzaldehyde
was condensed with ethylacetoacetate in ethanolgusatalytic amounts of piperidine to
afford 3-acetylcoumarinlj in excellent yield. The 3-acetylcoumarit) (was subjected to
o—bromination reaction to obtain 3-(2-bromoacetyl)oaunin @). The condensation )
with an active thiourea compound under Hantzsclti@as followed by an intramolecular

cyclization gave 2-amino-4-(coumarin-3-yl)thiazol8).( Compound(3) was diazotized in



absolute ethanplcontaining nitrosylsulphuric acid to afford theadotized aming4). The
thiazolyl azo based disperse dyé&s-() were obtained from the diazotized amif# and
relevant coupling componentsa-g). Dyes6a and6b were used as model compounds for dye
6c, for evaluating its photophysical and tautomenaperties. Dye$a and6b can exist only
in azo tautomeric form. However, dge exists in two possible tautomeric fornmamely the
azo and the hydrazone forms. Dge can be evaluated together wik because they were
obtained from similar coupling components. Dggk can only exist in azo tautomeric form,
but 6e may exist in bothazo and hydrazone tautomeric fornecause of solvent-solute
interactions. Dye$f and 6g can also exist in two possible tautomeric formsug; in this
study, the role of the azo-hydrazone tautomerigmrelation to the visible absorption spectra
and solvatochromic behavior of the prepared dyege haeen investigated deeply. The
thiazolyl azo disperse dyes were obtained in goetlly. All the compounds6é-g) were
characterized by spectroscopic methods (FT*HR**C NMR and LC-MS)(*H/**C NMR
and LC-MS spectra can be seen in Figs. Sla-g, FigS2a-c and Figs. S3a-g in
Supplementary materials) Physical and spectral data of the dyes preparedgiaen in

Section 3

Scheme 1 is here

The existence of typical lactone carbonyl groupthasynthesized dye6ag), confirmed by
the infrared spectra showed bands at 1723-1708region. The spectra also showed the azo
(-N=N-) group at 1399-1348 chregion. The'H-NMR spectra of the dyes have a signal at
8.94 ppm attributed to the signal of the hydrogerthe thiazole ring, and 8.29 ppm also
attributed to the signal of the hydrogen in thematin ring. The azo dyéc showed a broad

peak at 13.00 ppm for the indole —NH. The —NH p&akn N,N-diphenylamine for dy&e

10



appeared at 9.36 ppm. The results from NMR spéatrbaoth dyes showed that the dyes may
exist in azo tautomeric form in DMSO. In thd-NMR spectra of dyéf in DMSO-dg, the
signal at 14.50 ppm can be attributed to the —Nétqor of the hydrazone. The tautomeric
hydrazone (—NH) and the tautomeric imine (—-NH), fye 6g, were recorded as broad
singlets at 11.50 and 9.40 ppm in DM8@respectively. It is expected that the hydrazone —
NH proton resonance appears approximately betw8&m16.0 ppm. Therefore, the peak
which is at downfield is attributed to hydrazoneH-K5cheme 2 These results show that,

dyes6f and6g may exist predominantly as the hydrazone-imineafor DMSO-dg solution.

Scheme 2 is here

3.2. Absorption Properties

The absorption maxima.fa, values of dyes can be directly proportional téapty of their
solvents and the electronic effect of the substitsien the diazo and the coupling components
[39-41]. Therefore, to investigate the influencepotarity on the absorption maxima of the
dyes 6a-g), their absorption spectra were recorded in sofvehtifferent polarities at 20 uM
concentration. The absorption maxima{) of the synthesized dye6d-g) are presented in

Table 1

Table 1 is here

The absorption maxima of the synthesized dyes rhrigegn 404 to 512 nm. Within the
synthesized thiazolyl azo disperse dyéad), we investigated the relationship between the
shift observed in the absorption maxima, and th&rpoharacteristics of the coupling

components. All the dyg$a-g) exhibited solvatochromic properties in all thevsolts used,

11



i.e. a bathochromic shift of the absorption band wlaserved with increasing solvent polarity.
It was observed that thén.x values of the preapared dye6a{y), showed larger
bathochchromic shifts in highly polar solvents,. SO and DMF, than the rest solvents,
e.g. acetonitrile, chloroform and toluene, as showfable 1 Interestingly, it was also
observed that thi,ax values of all the preapared dyes showed largdrolbatomic shifts in
acetic acid than in polar aprotic solvents suchaastonitrile and THF. These larger
bathochromic shifts, in a proton-donating solvarthsas acetic acid were considered due to
the intermolecular hydrogen bonding between thes @dyel the acetic acid which are capable
of stabilizing the ground state of the dyes leadm@ consequential bathochromic shifts (for
dye6b, 466 nm in acetic acid, 462 nm in acetonitrile, 458 in THF; for dye6f, 441 nm in

acetic acid, 436 nm in acetonitrile, and 439 nnktF).

A comparison between then.x values of dyesa and 6b, and their corresponding model
compound5sc which is only in azo form in all the solvents usedeals that the additional
substitution of methyl group on the nitrogen atoftlee indole ring brings about small
hypsochromic shifts of thienax values Table 1). Therefore, we assigned the structures of the
dyes6a and6b to the azo form in all the solvents used. Howetlex A2« Values of dyéc in
DMSO (\max=500 nm) and in DMFXna=496 nm) differ significantly from the other solten
used. The absorption at longer wavelengths maytthbuded to the anionic form. Also, dye
6C (Amax=500 nm in DMSO) absorbs at longer wavelengths tin@ncorresponding model
dyes;6a (Amax=462 nm in DMSO) an®b (Ama=471 nm in DMSO)Figs. 1aand 1b). This

can also be attributed to the anionic form for @ge

Figure lais here

Figure 1b is here
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As can be seen ihable 1, Ay« values for dye$d and6e showed similar effects in solvents
with different polarities, which is susceptiblegositive salvotochromic effect in the solvents
used. Therefore, the absorption at longer wavetengty be attributed to the azo tautomer.
Similar results were observed, M. values, of dyed when compared with dy@e The
introduction of theN,N-diphenylamine into the diazo component of de increased the
bathochromic shift significantly in DMSOA{2=500 nm) Fig S4c in Supplementary
materials). The electron donating\,N-diphenylamine moiety enhanced the electron
delacolization fromN,N-diphenylamine to the thiazole part, via the aadd® in dye6e With
regards to absorption, compursfsand6g showed only weak solvatochromism properties. In
contrast, hypsochromic effects were observed vathesit polarity, in these dydsf and 69)
(Figs S4d and S4e in Supplementary materiglsThe hypsochromic shift the most likely is
as a result of the more pronounced donor-accepterplay between the donor functionalities
and the electron-poor uracil ring. As can be see8Sdheme 2 the dyes6f and6g may be
stabilized in the hydrazone forms because of ttranmolecular N-H..N hydrogen bond. The
stabilized hydrazone form for both dyes'ih NMR spectra in DMSQj, can be seen clearly
(Figs. S1fand S1g in Supplementary materialy and they exhibited only one absorption
band in the absorption spectra. These results stdgat the dye$f and 6g may exist
predominantly in the hydrazone forms in all theveals usedThe results from spectroscopic
techniques are compatible with our previous stutl};43]. Dye6g is insoluble in organic
nonpolar solvents such as toluene therefore, wédottiinot show absorption of dy&g in

toluene

13



3.3. Acidochromic Effects

Application of a relevant dye in monitoring pH clgas has attracted considerable attention in
recent years. In our study, the presence of basiocgen atom in the thiazole ring, and an
acidic hydrogen in the indole and,N-diphenylamine rings prompted us to study the
possibility of protonation and deprotonation ofdbelyes in dichloromethane (&E,), by
using trifluoroacetic acid (TFA) and piperidine pestively. The effects of the acid and base
on the absorption maxima of the dye solutions vedueidated and the results are shown in

Table 2

Table 2 is here

The absorption maxima of the thiazolyl azo dispedses (6a-e) in CH,Cl, showed
bathochromic shift due to protonation upon addiwdmFA (10 mM) to the solutions of the
dyes. Upon addition of the trifluoroacetic acid A)Ro the solutions of the dyg$a-e)in
CH.CI,, major color changes were observed with the graith new absorption band in the
range 512-610 nm and a well-defined isosbestictpoin

The azo dye¢6a and 6b)exhibited bathochromic shifts of 58 nm fé&, and 56 nm fo6b,
relative to the absorption maxima. This might belaxed by the initial protonation of the
thiazole ring Scheme 3. However, dyesc showed bathochromic shift of 76 nm as compared
with the model compoundda and6b, for which the absorption maximum may be explained
by the initial protonation of the thiazole ring,athled to the increased in donor-acceptor
interplay between the 2-phenylindole nitrogen fiorality and the protonated nitrogen on

thiazole ring(Figs. 2a 2c).
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Figures 2a-c are here

Scheme 3 is here

Upon addition of TFAthe absorption properties of the dys 6¢, 6d, and6e also changed
significantly (Table 2). Interestingly, dyée showed significant bathochromic shift (108 nm)
relative to the absorption maxima as compared ¢oother dyesKig. 2b). Dye 6e showed
absorption maxima at 470 nm in g, and upon addition of TFA to the solution@d the
wavelength Xmax Vvalue shifted to 542 nm. For the protonated farihdye 6e the positive
charge on the nitrogen atom in the thiazole moreg completely delocalized leading to the
experimentally observed bathochromic shift (108 mmgomparison with the neutral form.
The protonation of the azo group led to an increasgonor-acceptor interplay between the

N,N-diphenylamino functionality and the protonatedattule ring [44,45]%cheme 4.

Scheme 4 is here

It was observed that, the thiazolyl azo dispersesdya-e) showed color change in acidic
media Fig. 3) and these color differences can be observedyeash naked eye. For dyéa
and 6b a color change from orange to rose was observédzatnm and 520 nm in acidic
media respectively. For dyge, a color change from yellow to pinky was observe84# nm

in acidic media. Interesingly, fatye 6d a color change was observed from red to blue and
changed the,a,« values from 499 nm to 610 absorption in acidic el oreover, for this
dye ©d) large bathochromic shift was observed as compé&rethe other dyes. Dyée
showed a color change from orange to brown andaageink,ax value from 484 nm to 592

nm in acidic media.
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Figure 3 is here

Dyes6c and6e have acidic proton, and their photophysical progercan be change in basic
solution (Figs. 4a,band Figs. 5a,b) Therefore, the behavior of dy&t and 6e, in basic
solution have been investigated and the resultstawen inTable 2 TheAyax values of dye
6¢c, especially in DMSO and DMF solutions were sensitiveéhe addition of piperidine and
showed small bathochromic shifts were observed. Wperidine was addeded to DMSO
and DMF solutions, thinax Value of dyebe showed small bathochromic shift, but this effect
wasnot observed in chloroform solution. As showrFig. 4a the addition of piperidine to a
solution of dye6c in DMF led to a shift of th@,ax value from 496 nm to 518 nrii@. 4a).
Also, dye6c showed a yellow color in DMF solution, but upordaidn of piperidine, the
color changed from yellow to ros€ig. 4b). This result shows that, the dge may exhibit
partial deprotonation form in DMSO and DMF. On titeer hand, there was no significant
change for the.o«x value and color of dyée, when piperidine was added to solutions of the
dye in DMSO and DMF. This indicates that dge exists either as in anionic form or
tautomer-anion mixture, in DMSO and DMF, and moasib solutions of DMSO and DMF.
These results are in aggrement with those obtafoedetraylazoindoles in our previous
works [41]. A small bathochromic shift was observedhen piperidine was added to
chloroform solution of dy&e, which led to a shift from 486 nm to 504 nfkid. 5a8), and the
same color change was obser¢Edy. 5b). The results show that the d§e exist in anionic

form in basic chloroform solution.

Figures 4a and 4b are here

Figures 5a and 5b are here
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Dyes6f and6g are not included in the donor-acceptor systenmetbez no significant change
in their color and absorption maximum were obserwdten TFA was added to Gl

solutions of the dye6f and6g (Figs. S5candS5d in Supplementary material$.

3.4. Electrochemical properties

The electrochemical behavior of the compounds in9GMat glassy carbon electrode was
investigated using cyclic voltammetric (CV) and @mwamperometric (CA) techniques. The
CV of the compounds6@-g), in DMSO, containing 0.1 M TBATFB, on glassy carbon
electrode at 0.01, 0.05, 0.1, 0.5, 1 V scan rates (vs. Ag/AY are shown irFig. 6. The

reduction (i) and oxidation (f;) potentials are presentedTiable 3.

Figure 6 is here

Table 3 is here

To investigate the donor—acceptor electronic infagethe electrochemical properties of the
compounds were investigated by cyclic voltammetngd £A methods. These results are
shown inTable 4. All the dyes showed similar cyclic voltammograithsstrated by theFig.

6. The CV of all the dyes were recorded at fiveadight scan rates (0.01, 0.05, 0.1, 0.5,1V.s

b,

Table 4 is here

For all the dyes, one oxidation peak was observethe anodic scan, the anodic peak, in the

potential range of +0.60 to +1.2 V (vs. Ag/Agwas observed. The compounds displayed
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oxidations at more positive potentials as a consecgl of the destabilizing effect of the
electron-withdrawing group [46,47]. Also, all thged displayed two reduction peaks, in the
range of -0.5 to -2.0 V (vs Ag/AY The first reduction peak appears to be assabiaith the
formation of unstable amine products, which weduced in the potential range of +0.45 to -
1.0 V. Moreover, the reversible reduction of azougs, for all the compounds prepared, was
confirmed from the shift of the reduction potergjalo more negative values, on increasing
the scan rate [46]. The second reduction peakenahge of -1.76 to -2.0 V (vs Ag/Ag can

be attributed to the reduction of the azo compouads/drazone derivatives [48].

The simplest way to understand whether the invatstdy compounds derivatives made a
strong adsorption onto the electrode surface wasafipearance of another peak at a more
positive or negative potentials than the reductieak. There were no such pre- or post- peaks
observed for any of the compounds investigated,chvhndicated the absence of strong
adsorption. Also, the fact that the slopes of lipg (1A) vs. log (/ V.s') were about 0.5 for
both the first and second reduction peaks werartadr verification of this situation [49-51].
Therefore, it can conveniently be claimed thatrdeections investigated are not controlled by
adsorption phenomenon. At the same time, the ds;usesre:ﬁtipcjvl’2 vs. scan rate graphs
indicates that the reactions are diffusion contibll52]. Since the current function decreases
exponentially towards the higher scan rates, shbaisthe mechanism of electron transfer is

followed by EC (electrochemical-chemical) typed. 6) [53].

3.5. Determination of the Number of Transferred Electrons and the Diffusion Coefficients

The number of transferred electrons (n) during riguction of the compounds and their

diffusion coefficients (D) were determined using tramnicro electrode and

chronoamperometry [38]. The n and D values wereutatled as follows Eq. 1:
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_nSic, _ DSi?
- SZIC - SZiZ (1)

where; i is the limiting steady-state current, $his slope of the of the chronoamperometric i

vs 1?2

plot for compounds.
Diffusion coefficients of the compounds obtaineanirthe Cottrell slopes, are in accordance
with their molecular weights. These are the exmkctsults because the increase in the

carbon chain increases the molecular weight whghnversely related to the diffusion

coefficient in the compound&d&g) (Table 4).

3.6. Thermal stabilities

The thermal stabilites of the synthesized thiaz@yb dyes were investigated by using
thermogravimetric analysis (TGA). The overlay TGrhabysis curves for the azo dyega(g)
under nitrogen atmospherEig. 7) showed no weight loss up to 100-150 °C, indigatime
absence of water molecules and any other adsorptiixeent molecules. The TGA curves
indicate that the dyes are having good thermalilgtabxcept6b, and in the TGA curve of
dye 6a, two steep weight loss which was observed from Z6%°515°C is included. Dyéf
bearing 1,3-dimethylbarbituric acid moiety as tbeming component is having good thermal

stability from 305 °C to 511°C.

Figure 7 is here
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4. Conclusions

In summary, we have synthesized and characterizedval series of thiazolyl azo dyes.
These dyes were characterized by UV-vis, FTAR*C NMR, and mass spectroscopic
techniques. Additionally, the solvents effects be visible absorption spectra of the dyes
were evaluated. The synthesized dyes exhibitecgmiiromism, namely the absorption band
was red shifted with increasing solvent polaritiie$e azo dyes displayed significant changes
in their absorption maxima, and upon addition ofAThis induced the protonation of the
nitrogen atom on the thiazole ring. Due to the wialege ofrt conjugation, the thiazolyl azo
dyes showed acidochromic properties. It was obsktivat, the absorption curves of the dyes
were significantly sensitive to acid. The electracical behavior of the dyes were
investigated using CV and CA techniques. The ressitowed that, for all the dyes, one
oxidation peak, and two reduction peaks were oleskMoreover, the TGA results show that

the dyes possess a good thermal stability for egipdins.
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Scheme Captions

Scheme 1Synthetic pathway and structure of dgesy.
Scheme 2The azo-hydrazone tautomeric forms6band6g.
Scheme 3Protonated azo form and its resonance stabilizedtstes of dyéa.

Scheme 4Azo-hydrazone tautomeric and cationic forms of @ge

Figure Captions

Fig 1a.Absorption spectra of dy@a (20 uM) in various solvents.

Fig 1b. Absorption spectra of dy&c (20 uM) in various solvents.

Fig 2a. Spectrophotometric titration of TFA to dga (20 uM) in CH,Cl,. Arrows indicate
the increase and decrease of absorbance intepsityaddition 10 mM TFA in CECl..

Fig 2b. Spectrophotometric titration of TFA to dge 20 uM) in CH,Cl,. Arrows indicate
the increase and decrease of absorbance intepsityaddition 20 mM TFAn CH,Cl..

Fig 2c. Spectrophotometric titration of TFA to dge Q0 uM) in CH,Cl,. Arrows indicate
the increase and decrease of absorbance intepsityaddition 10 mM TFA in C§Cl..

Fig 3. Pictures of absorption color 6&-g 20 uM) in CH,CI, solutions in the absence (left)
presence (right) of 10 mM TFA in GBI.,.
Fig 4a. Absorption spectra of dyéc (20 uM) in DMF and in addition of piperidine (0.5-2
mL).

Fig 4b. Pictures of absorption color 6t 20 uM) in differentsolutions in the absence (left)
presence (right) of piperidine.

Fig 5a. Absorption spectra of dy@e (20 uM) in chloroform and in addition of piperidine
(0.5-2 mL).
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Fig 5b. Pictures of absorption color 68 0 uM) in differentsolutions in the absence (left)

presence (right) of piperidine.

Fig 6. Cyclic voltamogram (CV) of compourgh-gin DMSO containing 0.1 M TBATFB on
glassy carbon electrode at a scan rate of 0.01-{Ws Ag/Ag).

Fig 7. Thermal gravimetric analysis (TGA) curves of dgesy.

Tables Captions

Table 1.Photophysical data of dyés-g.

Table 2. pH-Dependent absorption properties of dyasg.

Table 3. Electrochemical data of compounds in DMSO. Ag/AgDMSO; scan rate = 0.1
V/s; TBATFB (0.1 mol.L})

Table 4. Transferred electron numbers (n), limit current @Gttrell slope (s), diffusion

coefficients of the compounds in DMSO.
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Table 1. Photophysical data of dyés-g.

Dye DMSO DMF Acetonitrile Acetic Acid THF Chloroform Toluen e
Aabs(NM°) (log &)

6a 462(4.56) 459(4.55) 453(4.53) 453(4.51) 451(4.50) 55(4.53) 452(4.45)
6b  471(4.46) 467(4.38) 462(4.30) 466(4.31) 458(4.36) 65(4.37) 458(4.38)
6¢c 500(4.46) 496(4.47) 466(4.41) 473(4.42) 467(4.41) 70(4.39) 461(4.28)
6d 508(4.20) 508(3.95) 500(3.91) 499(4.47) 492(3.93) 486(4.05) 485 (3.94)
6e 512(4.52) 506(4.48) 490(4.49) 492(4.50) 491(4.51) 486(4.48) 478 (4.32)
6f 411(4.55) 417(4.76) 404(4.22) 412(4.43) 404(4.42) 22(4.18) 416 (4.42)
6g 444(4.62) 443(4.52) 436(4.10) 441(4.25) 439(4.27) 448(4.17) -

3_ong wavelength absorption maximum, in nm; c=(&0); e = molar absorption coefficient, civ ™.



Table 2.pH-Dependent absorption properties of dyasg.

UVIvis (CH,Cl) UV/vis (TFAin UV/is (Pip. UV/is (Pip. in UV/is (Pip. in
Dyes (nm)’ (|20 Zb) DCM) Amax (NMP in DMSO) Apnax DMF) Chloroform)Amax
ma ¥ (loge") (M (10g") A (NP l0ge) (N (l0ge?)
6a 454(4.40) 512(4.38) - - -
6b 464(4.11) 520(4.04) - . -
6c 466(4.50) 542(4.46) 519(4.21) 518(4.41) 479(4.18)
6d 499(4.35) 610(4.13) - . ;
6e 484(4.44) 592 (4.32) 513(4.02) 509(4.13) 504(4.10)
6f 417(4.19) 418(4.15) - - -
69 437(3.78) 450(4.28) - v -

3 ong wavelength absorption maximum, in nm; c=(&0);’c = molar absorption coefficient, ctv™.



Table 3. Electrochemical data of compounds in DMSO. Ag/AgDMSO; scan rate = 0.1 V/s;
TBATFB (0.1 mol.Lh).

Dyes Ep’ Ep. Epa
6a -0.79 -1.78 +0.95
6b -0.82 -1.79 +1.09
6C -0.79 -1.81 +0.89
6d -0.64 -1.83 +1.05
6e -0.62 -1.78 +0.82
of -0.72 -1.81 +0.82

69 -0.70 -1.81 +1.02




Table 4. Transferred electron numbers (n), limit current, @pttrell slope (s), diffusion

coefficients of the compounds in DMSO.

Diffusion coefficient UME Transferred electron
Cottrell Slope o
Dyes (D, cnf/s) x 10 Limit current number(n)
(S)x100of _ o _
D # tshN (i. A)x10" (Baranski method)
1. peak 2. peak 1. peak 2. peak 1. peak 2. peak peak 2. peak
6a 1.71+£0.02 2.17+0.03 7.98+0.05 9.88+0.04 5%D.04 3.18+0.01 0.91+0.03 0.94+0.01
6b 595+0.12 4.66+0.12 2.68+0.05 1.75+0.01 3%®.03 8.90+0.04 0.98+0.01 1.08+0.02
6C 483+0.02 341+0.02 3.72+0.03 2.65+0.06 3&®.02 6.65+0.03 0.86+0.02 0.90+0.03
6d 1.82+0.03 2.35+0.01 6.71+0.01 8.24+0.05 22D.06 3.66+0.02 0.92+0.03 0.91+0.05
6e 3.16 £0.01 3.19+0.05 4.95+0.02 3.82+0.04 754€.01 529+0.06 1.01+0.05 0.98+0.01
6f 2.27+0.11 2.89+0.03 542+0.05 491+0.02 73®.03 4.24+0.02 0.96+0.01 1.06+0.01
69 2.09+0.01 2.67+0.06 5.62+0.04 4.66+0.01 23D.02 4.02+0.03 0.95+0.02 0.88+0.04

Results are average of three measurements andsifaheliation.
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Fig. 1b. Absorption spectra of dyg (20 uM) in various solvents.
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Fig. 2a. Spectrophotometric titration of TFA to dga (20 uM) in CH,Cl,. Arrows indicate the increase and

decrease of absorbance intensity upon addition MIOTiRA in CH,Cl..
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Fig. 2b. Spectrophotometric titration of TFA to dge (20 uM) in CH,Cl,. Arrows indicate the increase and

decrease of absorbance intensity upon addition MIOT#RA in CH,Cl..
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Fig. 2c. Spectrophotometric titration of TFA to dge (20 uM) in CH,Cl,. Arrows indicate the increase and
decrease of absorbance intensity upon addition MIOTiRA in CH,Cl..

Fig. 3. Pictures of absorption color 6&-g (20 uM) in CH,ClI, solutions in the absence (left) presence (right)
of 10 mM TFA in CHCl..
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Fig. 4a. Absorption spectra of dygc (20 uM) in DMF and in addition of piperidine (0.5-2 mL).

Fig. 4b. Pictures of absorption color @ (20 uM) in differentsolutions in the absence (left) presence

(right) of piperidine.
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Fig. 5a. Absorption spectra of dy@e (20 uM) in chloroform and in addition of piperidine (0.5¥.).

Fig. 5b. Pictures of absorption color @ (20 uM) in differentsolutions in the absence (left) presence

(right) of piperidine.
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Fig. 6. Cyclic voltamogram (CV) of compour@h-g in DMSO containing 0.1 M TBATFB on glassy carbon
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Fig. 7. Thermal gravimetric analysis (TGA) curves of dgesy.



CHO o 0 >*NH2
M _EOHA B, BOH N
+ HC OCH,CH;
OH Plpendme EtOH, A o
3

NaNO,
acetic acid /propionic acid
-5-0°C
5a:1,2-dimethyl-1H-indole
5b: 1-methyl-2-phenyl-1H-indole [ s>7 N
5c: 2-phenyl-1H-indole )—N=N
5d: N N-diethylaniline ~ />—N Q:Sa-g NN
Se: N,N-diphenylamine N*Q ‘—0
5f: 1,3-dimethylbarbituric acid o Yo 5-0°C 0 Yo
Sg: 6-amino-1,3-dimethyluracil pH 4-6
6a-g 4

Scheme 1. Synthetic pathway and structure of dyes 6a-g.



N-CHa

SN

ﬂ

CH3
6f
azo form hydrazone form
S 0
! ,CHs
X N)— AN N N NfCHs
N \ >=O — |
o” o N, HY
H,N CHs
6g 6g
azo form hydrazone form

Scheme 2. The azo-hydrazone tautomeric forms of 6f and 6g.
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Scheme 3. Protonated azo form and its resonance stabilized structures of dye 6a.
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Highlights

e Seven novel thiazolylazo disperse dyes were synthesized and fully
characterized.

» The solvatochromic behaviors and coupling component effects on absorption
spectrain various solvents were evaluated.

» The absorption spectra of the dyes changed drastically upon acidification.

* Thedyes showed good thermal stability for practical applications.



