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Abstract A new thiazolylazo reagent 1-[(5-benzyl-1,3-
thiazol-2-yl)diazenyl]naphthalene-2-ol has been synthe-
sized via arylation of acrolein and further diazotization and
diazocoupling with 2-naphthol. The chemical structure of
the compound was confirmed by IR, NMR: IH, 13C,
COSY, HSQC and SALDI-MS spectral data. The DSC
method was employed to determine the melting point and
the enthalpy of fusion (Tq = 159.7 °C and AHg,, =
28.0 kJ mol™', respectively). Thermal stability and
decomposition studies of the obtained azo dye were per-
formed in air and nitrogen atmosphere using the TG
technique. The evolved gases from the heated sample were
registered on FTIR spectra. The decomposition of the azo
dye in air atmosphere occurred in five consecutive stages.
The pK, ionization constants of the substance were deter-
mined in ethanol-water mixture (1:1 v/v) by means of the
spectroscopic method and were found to be equal to 0.41
for pK,; and 9.59 for pK,,. Using the spectrophotometric
procedures, the methods for determination of trace amounts
of toxic metallic ions with the new reagent were charac-
terized and limits of detection were calculated.
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Introduction

The applications of heterocyclic azo compounds have been
studied extensively during the past 50 years [1-34]. A
large number of azo dyes that are prepared from diazoti-
zation of 2-aminothiazole and its derivatives and subse-
quent coupling of the corresponding product with phenolic
or other aromatic substances have been prepared and
investigated for various purposes [2]. They are found in a
variety of industrial applications mainly because of their
low price and color fastness [3]. Nowadays, thiazolylazo
dyes are useful in the manufacture of data storage devices
such as CD, DVD and Blue-ray discs [4—6]. In addition,
these compounds are used for coloring numerous consumer
goods, such as clothes, leather, plastics, food, cosmetics
and toys [7] offering a wide spectrum of colors mainly
because of the presence of chromophoric azo groups
(-N=N-).

The main applications of thiazolylazo dyes in chemistry
include spectrophotometry, liquid and cloud point extrac-
tion, solid-phase extraction, electrochemistry, liquid chro-
matography (precolumn derivatization HPLC) and
separation procedures [8—11]. Thiazolylazo dyes have also
been employed as indicators, masking agents and sorbents
in combination with solid supports [12]. The use of thia-
zolylazo reagents in procedures involving extraction (lig-
uid-liquid or cloud point) is based on the high solubility of
these compounds in organic solvents. But unfortunately
azo dyes and their chelate complexes with metallic ions are
only partially soluble or insoluble in aqueous solution [13].

These dyes have attracted much attention as the largest
group of organic analytical reagents used in spectropho-
tometric analysis owing to the high sensitivity and selec-
tivity [14]. In addition, they are interesting complexing
agents and have been wused as reagents for
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spectrophotometric and extraction-photometric determina-
tions of transition metals such as Sc(IIl), V(V), Cr(IIl),
Cr(VD), MndI), FedI), CodI), Ni(Il), Cudl), Zn(II),
Mo(VI), Pd(II), Ag(I), Cd(II), Hg(Il), PbII) [15-30] and
even some f-elements—Tm(III), Th(IV) and U(VI)
[31-33]. Besides, 2-naphthol coupled with 2-aminothiazole
derivatives gives more sensitive reagents than phenol [34].

Previously, we have discussed the synthetic possibilities
of 5-benzyl-2-aminothiazoles during the synthesis of 2-[(5-
benzyl-1,3-thiazol-2-yl)imino]-1,3-thiazolidin-4-ones  as
potential biologically active compounds [35]. In order to
continue the search for a new selective and sensitive chro-
mogenic thiazolylazo dye and to study the influence of the
substituent positions of a benzyl group attached to the thia-
zole ring on the characteristics of the reagent, we introduced
a C¢Hs—CH,— group into the 5-position of the thiazole ring of
the well-known analytical reagent 1-(2-thiazolylazo)-2-
naphthol (TAN), and synthesized a new compound 1-[(5-
benzyl-1,3-thiazol-2-yl)diazenyl]naphthalene-2-ol 5.

In this work, we describe novel advantages of 2-amino-
5-benzyl-1,3-thiazole diazotization and the application of
obtained diazonium salt in diazocoupling. Herein, the
synthesis and properties of § were studied in details. It was
assumed that the presence of a benzyl group in S can
enhance the solubility of the azo dye in organic solvents
(e.g., toluene) and intensify interactions with transition
metal ions. Due to the application of thiazolylazo dyes in
optical data storage devices, it was necessary to investigate
the thermal decomposition and dissociation of the organic
compound. Additionally, the possibility of determination
of some transition metals using 5 was evaluated.

Experimental
Synthesis
3-Phenyl-2-chloropropanal (2, CoHgOCI)

At the first step, the acrolein was chloroarylated by dia-
zonium salt in the presence of copper(Il) chloride under
Meerwein arylation conditions. A three-necked flask
equipped with a stirrer, a dropping funnel and a gas-outlet
tube (attached to a bubble counter) was charged with
0.2 mol (13.5 cm3) of acrolein, 10 g of CuCl,-2H,0 and
50 cm® of acetone. A cold aqueous solution of arenedia-
zonium chloride 1 (prepared by diazotization of 0.2 mol of
aniline) was added dropwise under vigorous stirring. The
temperature was maintained within 10-30 °C. When the
reaction was complete, the organic layer was separated,
and the aqueous layer was extracted with chloroform. The
extract was combined with the organic phase, dried over
MgSO, and evaporated, and the residue was distilled under
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reduced pressure (bp 100 °C/2 mm Hg, yield 35 %).
3-Phenyl-2-chloropropanal 2 reacted with thiourea in
ethanol at refluxing and formed 2-amino-5-benzyl-1,3-thi-
azole 3 with a yield of 80 % [36].

2-Amino-5-benzylthiazole (3, C;oH;oN>S)

A mixture of thiourea (8 g) and aldehyde 2 (0.1 mol) in
50 cm® of ethanol was heated for 2 h under reflux. The
mixture was cooled, diluted with 300 cm® of water and
made alkaline by adding aqueous ammonia. The precipitate
was filtered off and recrystallized from CCl, (mp 113 °C,
yield 80 %).

1-[(5-Benzyl-1,3-thiazol-2-yl)diazenyl Jnaphthalen-2-ol
(5, C20H;5N50S)

Since 2-amino-5-benzyl-1,3-thiazole 3 is a mild base, its
efficient diazotization could be achieved only by using
nitrososulfuric acid obtained from NaNO, and concen-
trated H,SO,4. 2-Amino-5-benzyl-1,3-thiazole 3 (1.9 g,
10 mmol) was dissolved in concentrated H,SO, (5.2 cm3)
at —5 °C. The solution was diluted with 4 cm® of water.
The suspension was warmed, and a clear solution was
formed. The mixture was cooled to —10 °C, after that the
solution of sodium nitrite (0.83 g, 12 mmol) in 2 mL of
water was added dropwise while keeping the temperature
below —5 °C. After 10 min, the resinous sediment was
filtered and the clear solution was added slowly with
intensive stirring to the mixture of naphthalen-2-ol (1.44 g,
10 mmol), NaOH (0.4 g, 10 mmol), Na,CO3 (20 g) and
20 cm® of water. The temperature was kept below 5 °C.
After diazonium salt was added, the mixture was left for
2 h at the room temperature and diluted with water
(100 cm®). The precipitate was filtered off and recrystal-
lized from ethanol-DMF.

5-Benzyl-1,3-thiazole-2-diazonium salt 4 is unstable,
but it reacts in diazocoupling reaction efficiently. Diazo-
coupling of 5-benzyl-1,3-thiazole-2-diazonium with naph-
thalen-2-ol was carried out in alkaline conditions forming
1-[(5-benzyl-1,3-thiazol-2-yl)diazenyl|naphthalen-2-ol
with the yield of 70 %.

Methods and techniques

Reagent grade chemicals were used without further
purification unless otherwise noted.

The elemental analysis (C, H, N and S) was conducted
using the element analyzer Vario EL III, manufactured by
Elementar. Spectra were recorded as follows: UV/Vis
spectra on a Jasco V-670 spectrophotometer, IR spectra in
KBr pellets on a Bruker Alpha-P IR spectrometer in the
range of 4000-400 cm™ ", 'H, *C, COSY and HSQC NMR
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spectra on a Bruker Avance 500 MHz NMR spectrometer.
LDI-ToF mass spectrometry experiments were performed
using Bruker Autoflex Speed time-of-flight mass spec-
trometer equipped with a SmartBeam II laser (355 nm;
laser impulse energy was approx. 100-150 pJ, laser repe-
tition rate—1000 Hz).

The melting point was established using a Mettler
Toledo differential scanning calorimeter DSC822¢ equip-
ped with Haake EK90/MT intercooler. The DSC experi-
ments have been carried out in nitrogen (gas flow
50 mL min~") for 5.81 mg of substance 5 in a 150 mL
open alumina pan from 0 to 167 °C, back from 167 to 0 °C
and then again from 0 to 180 °C with a heating rate of
10 °C min~".

Thermogravimetric analysis was performed using a
Mettler Toledo TGA/DSC1. The TG experiments have
been carried out in air and nitrogen (gas flow
50 mL min~") from 25 to 700 °C with a heating rate of
10 °C min™’, using the 150-mL open alumina pan
(m(5) = 6.21 mg).

TG-FTIR analyses were performed in air and nitrogen
with the use of Mettler Toledo TGA/DSCI instrument,
which was online coupled with FTIR apparatus Nicolet
iZ10 (Thermo Scientific) by a transfer line heated at
220 °C. The FTIR spectra of the evolved gases were
acquired in the range of 400-4000 cm™" with the resolu-
tion of 4 cm™ .

Results and discussion

A new thiazolylazo reagent 1-[(5-benzyl-1,3-thiazol-2-
yl)diazenyl]naphthalene-2-ol has been synthesized via
arylation of acrolein and further diazotization and diazo-
coupling with 2-naphthol. Our syntheses of the requisite
1-[(5-benzyl-1,3-thiazol-2-yl)diazenyl]naphthalen-2-ol ~ §
are illustrated in Figs. 1 and 2.

Structural characterization

According to the literature data, ortho-azonaphthol com-
pounds are usually obtained in one of two tautomeric forms
(azo 5a or hydrazone Sb form) depending on the position
of the hydrogen atom of the hydroxyl group [37] (Fig. 3).

Elemental analysis values for 1-[(5-benzyl-1,3-thiazol-
2-yl)diazenyl]naphthalen-2-01 C,oH;sN3OS (red crystals,

Fig. 1 Synthesis of 2-amino-5-
benzyl-1,3-thiazole 3

1

N,CI /\/O
©/ CuCI

yield 70 %); calcd: C, 69.54; H, 4.38; N, 12.17; S, 9.28;
found: C, 69.31; H, 4.13; N, 11.83; S, 9.53.

UV/Vis spectra

The UV/Vis spectra of the investigated compound 5 were
taken in ethanol-water mixture (1:1 v/v) at different acidity
values (Fig. 4) and characterized by the bathochromic shift
of the absorption maximum from / = 446 nm in the acidic
solution of 5 to 496 nm in the initial solution and to 550 in
the alkaline medium.

Furthermore, the interaction of the discussed compound
with transition metal ions causes even more considerable
bathochromic shifts. For example, the red-colored initial
solution of 5 turns blue or green after the addition of
mercury(Il) ~ (Apax = 630)  or  palladium(I) ions
(Amax = 684), respectively.

IR spectrum

All peaks in the IR spectrum of 5 that could be assigned to
specific types of vibrations are listed in Table 1.

An IR spectral study of 5 in a solid state has suggested
that two tautomers coexist due to the presence of both
hydroxyl (a broad band in the range of 3500-3200 cm ™' of
v(O-H)) and carbonyl (a sharp band at ~ 1670 cm_l)
groups. On the other hand, there is a band at 1618 cm ™',
but it is not as strong as we might expect for a hydrazone
tautomer (C=N stretching vibrations at 16701600 cm™"
[38]). On the contrary, we indicate a signal at 1596 cmfl,
which may originate from vibrations of the N=N group
[39]. However, the absorption arising from the N=N
stretching vibration of aromatic azo compounds is weak
and occurs in the same region as the absorption arising
from the aromatic ring vibrations. Due to this, it is also
hard to distinguish the band corresponding to v(N=N) at
1360-1385 cm ™' [40].

Although the rest of the IR spectrum of § is overloaded
with bands and it is hard to be interpreted, it was analyzed
in terms of comparison with the IR spectra of such com-
pounds as naphthalene, 2-naphthol, thiophene, 1,3-thiazole
and 1-(2-thiazolylazo)-2-naphthol (TAN). It is obvious that
bands at 746 and 1469 cm™' are due to the presence of
2-naphthol group in the structure of the azo dye 5 and
bands at 1144 and 1245 cm™' come from skeletal vibra-
tions of the 1,3-thiazole heterocycle. In general, the rest of

X (NH,),CS
e Qb

3
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Fig. 2 Synthesis of 1-[(5-
benzyl-1,3-thiazol-2-
yl)diazenyl]naphthalen-2-ol 5

3

U
_— S

Fig. 3 Tautomeric forms of
1-[(5-benzyl-1,3-thiazol-2-
yl)diazenyl]naphthalen-2-ol
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Fig. 4 UV/Vis spectra of the azo dye 5 in ethanol-water mixture (1:1
v/v) at different acidity values: pH = —0.20 (/), 5.99 (2), 13.02 (3);
C(BnTAN) = 2.00 x 1075 mol dm73; T=25°C, [=1.0cm;
blank: C,HsOH-H,O (1:1 v/v)

the IR spectrum of 5 is very similar to the spectra of other
thiazolylazonaphthol dyes (e.g., TAN) [41].

NMR spectra

The structure of the synthesized thiazolylazonaphthol dye
(Fig. 5) was identified by one-dimensional (IH, 13C) NMR
experiments, with its spectral signals being assigned by a
comparison with the data already described in the literature
for thiazolylazonaphthol dyes [41]. All signals in the
spectra were assigned to each atom of hydrogen and carbon
and confirmed by two-dimensional (COSY, HSQC) NMR
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Table 1 Assigned IR bands of the compound 5§

Frequency/cm™ ! Type of vibration Functional group
and bond

3063s* W(O-H) naphthalene-2-ol

3000w v(C-H) benzyl

1667s v(C=0) naphthalene-2-one

1618m v(C=N) 1,3-thiazole - azo
group

1596m v(N=N) azo group

1508s v(C=N) 1,3-thiazole

1426m d(0-H) naphthalene-2-ol

1211m v(C-0) naphthalene-2-ol

1026m v(C-H) 1,3-thiazole

982s v(S-C) 1,3-thiazole

960-620 P(C-H) naphthalene-2-ol,
benzyl

746s v(C-H) naphthalene-2-ol

 Intensity: s strong, m medium, w weak

® Symbols v, & and y mean stretching, in-plane and out-of-plane
deformation, respectively

techniques (Fig. 6). The 0 values of all protons and carbons
of the azo compound are listed in Table 2.

The only difference between the compound 5 and TAN
is the presence of the benzyl substituent in the 13 position.
In this case, the characteristic signal for the C13-H proton
of TAN at ~7.2 ppm was not observed on the NMR
spectra of 5. Besides, the signal of C13 on the 13C NMR
spectrum was shifted from 117 ppm for TAN to 123 ppm
for 5. This confirms that we have obtained a compound
substituted in a proper position.
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It is also worth mentioning that the signals from the
C3-H and C4-H protons differ significantly, suggesting that
the signals of such two protons in aromatic systems should
be closer. It is assumed that this phenomenon is connected
with the presence of the hydrazone tautomeric form in the
CDCl; solution. Probably, the predominant form of 5 in the
analyzed solution is that with H bound to N atom of
thiazole.

Mass spectrum

The structure of the new product 5 was also analyzed with
mass spectrometry method. Peaks of all expected adducts
of 5 were registered in the mass spectrum recorded
according to the surface-assisted laser desorption/ioniza-
tion (SALDI) technique [42]. The molecule of the azo dye
on gold nanoparticle-covered targets (AuNPET) has cre-
ated such ions as [M + H]t (m/z = 346.12), [M + Na]*

18 16" 12 N H—O

STTY 2
17 | \/\11 NI\\ !
13 S N

Fig. 5 Numbering of the azo dye 5 to NMR data

Fig. 6 2D NMR HSQC
spectrum of the azo dye 5

(m/z = 368.09) and [M-H,0O + H]t (m/z = 328.09) with
signals of high intensity and [M + K]" ion (m/z = 384.06)
of a weaker signal.

DSC/TG studies

The thermal properties of the azo dye were investigated by
differential scanning calorimetry (DSC, temperature range
0-180 °C), thermogravimetric (TG), differential thermo-
gravimetric (DTG) and differential thermal (DTA)
analyses.

Figure 7 presents the recorded DSC curve for § in
nitrogen atmosphere. It can be seen that the melting of the
substance starts at Tp, = 159.7 °C (AHp,s = 28.0 -
kJ mol~'). On cooling, the liquid crystallizes at 123.0 °C.
Then the substance was heated again, and it was found that
the melting point occurs at lower temperature (151.1 °C)
which can be explained by a process of degradation of the
azo dye right after the melting. It is also worth mentioning
that N,N-dimethylformamide (DMF) which was used dur-
ing the synthesis of the azo compound has a boiling point
of 153.3 °C [43].

This phenomenon was checked in details using TG/
DTG/DTA curves (Fig. 8). The FTIR spectra of the
evolved gases were recorded at the temperatures of every
peak on the DTG curve (Fig. 9). The correlations between
different decomposition steps of the azo dye with corre-
sponding mass losses are discussed in terms of the
molecular formula of 5. The thermal decomposition

_
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135

140

~
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Table 2 'H, '*C, COSY and HSQC NMR data of the compound 5

Position Carbon d/ppm Proton é/ppm Position Carbon d/ppm Proton ¢/ppm
C(1) 130.85 - C(11) 166.60 -
Cc©2) 172.36 - C(12) 136.91 7.52
Cc@3) 122.97 6.94 C(13) 123.62 -
C@) 141.35 7.78 C(14) 34.28 4.17
C(5) 129.71 7.45 C(15) 138.60 -
C(6) 129.35 7.63 C(16) 129.22 7.40-7.35
C(7) 127.25 7.56 C(17) 128.90 7.33-7.28
C(8) 122.86 8.43 C(18) 127.67 7.33-7.28
C©) 132.58 - O - 14.85
C(10) 132.00 -
2 Exo behavior of the substance is similar to other azo dyes
b previously described in the literature [44—48].
7 The TG and DTG curves show that the substance
o undergoes decomposition in five stages. In fact, the first
- DTG peak at the temperature 160 °C is accompanied with
g 14 a sharp endothermic peak on a DTA curve which corre-
H sponds to the melting point of 5. A small mass loss
= 27 ¢ (0.45 %) at the first stage is probably connected with the
£ evaporation of some impurities of the solvent previously
=31 used for recrystallization. The first FTIR spectrum confirms
that it was DMF (absorption bands at ~ 1700 and
—4 - a -1
2950 cm™ ).
5 : : : : : : : : ‘ The sharp exothermic peak in the DTA curve corre-
0 20 40 60 8 100 120 140 160 180 sponds to the second decomposition stage with a mass loss
Temperature/°C

Fig. 7 DSC curves for the melting (a, ¢) and crystallization
(b) processes of 5§

Fig. 8 TG (a), DTG (b) and

of 520 % in the temperature range of 182-207 °C. At
these temperatures, the azo bonds in the dye breakdown.
According to the literature, molecular nitrogen and two

TG/% DTG/% deg~! DTA/mW
DTA (c) curves of § i . _ 0.001 60
Step 1:-0.45 % L
= 3
100 Step 2:-5.20 %
- 0.000 [50
Step 3:-27.11 % F
80 - 40
— —0.001
~—__Step 4 : —4.80 % i L 30
60 - -0.002 |
1 - 20
40 + —-0.003
- 10
- -0.004 [
20 + -0
Step 5: -59.56 % - —0.005 | -10
0- \VAR!
T T T T T T T T T T T T T -0.006 L _-p0
100 200 300 400 500 600 700
Temperature/°C
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radicals of the residual organic parts are formed [45].
Unfortunately, N, cannot be identified in the FTIR spec-
trum because of the absence of a dipole. In the spectrum,
there appears a clear signal from ammonia molecules
(strong band at ~950 cm~ !, medium at ~ 1550 cm™! and
weak at 3300 cm™"). Calculated mass loss (4.92 %) agrees
well with experimental value. This could mean that the
predominant tautomeric form of the azo dye is a hydrazone
form where a hydrogen atom is bound to the nitrogen of the
azo group instead of oxygen.

4000 3500 3000 2500 2000 1500 1000 500
0.008 - I I I I i I I I

L (a) |

0.004 |- 4

0.000 [t W ’ -

-0.004 |- -

0.012 N 1 X 1 " 1 I 1 " 1 N 1 " 1 -

0.008
0.004
0.000

0.012 F
0.008
0.004

0.000

Absorbance/a.u.

0.018 -
0.012
0.006

0.000

033 [
022 [
011 [

0.00

PR NNUR IR RS SRS RS R
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber/cm™"

Fig. 9 FTIR spectra of the evolved gases from 5 at different
temperatures (a 164.6 °C, b 208.8 °C, ¢ 250.1 °C, d 388.8 °C and
e 623.7 °C)

+,H HO HO o
CJ» Qe e D e
O O

The third peak in the DTG curve is connected with
further degradation of the compound (mass loss 27.11 %).
Signals of ammonia become stronger because of the
destruction of the thiazol heterocyclic ring. Then, a small
fourth DTG peak at 383 °C is accompanied with the DTA
exothermic maximum. According to the FTIR spectrum,
molecules of SO, evolve at this stage (bands at ~ 1350
and 400 cm™"). The mass loss of 4.80 % corresponds to
that calculated if half of the sulfur content 9.27 % were
lost per molecule of 5. Signals of CO (20002100 cm™")
and CO, (2300-2400; 650 cmfl) can also be found in
this spectrum.

Finally, at the fifth decomposition stage a broad
exothermic peak at 626 °C indicates the pyrolysis of the
rest of the organic sample [47, 48]. Above 520 °C only the
signals of CO; can be observed in the FTIR spectrum (mass
loss 59.56 %). At 700 °C the investigated compound has
almost completely burnt down with a residue of 2.88 %.

In order to determine the thermal stability trend, three
main criteria for the thermal stability of the dye in the air
were calculated, i.e., temperature of the onset of decom-
position T, = 171 °C, temperature for 10 % mass loss
T1o =238 °C and temperature for 50 % mass loss
TSO - 572 OC.

Due to the presence of split and shoulder peaks on DTG
curve which indicate complex structural changes in the
compound, the detailed mechanism of degradation of the
azo dye could not be derived from these thermal data and
mass losses.

As to the TG/DTG/DTA curves in nitrogen atmosphere,
they have the similar shape as those in air atmosphere,
though the last two stages do not take place in the inert
medium due to the absence of oxygen for combustion. That
is why, the residue at 700 °C is bigger—33.6 %.

Analytical applications

As it has been already mentioned above, azo dyes like 5§
have several beneficial applications in analytical chemistry.
Depending on the medium acidity, the red-colored com-
pound 5 can exist in a yellow protonated form and violet
deprotonated form (Fig. 10). So, first of all, this

Fig. 10 Protonated, unprotonated and deprotonated form of the azo dye 5
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thiazolylazo dye may be applied as a useful indicator in
acid—base titrations.

For this purpose, the pK, values of the protonated and
undissociated forms of 5 have been determined at 25 °C in
50 %/v ethanol-water mixture by means of the spectro-
scopic method (Table 3). Spectrophotometric titration was
carried out because it requires small amounts of the ana-
lyzed substance and it is commonly used when a compound
does not have enough solubility for the potentiometric
determination [49]. According to the experimental data, the
protonation of 5 occurs in a solution of a very strong
acidity (pH ~ 0.4). The pK,, value of § is very similar to
the respective value of the classic indicator phenolph-
thalein (pK, = 9.7 [50]), so the azo dye could be easily
used in acid—base titrations.

Table 3 pK,; and pK,, values of 5 calculated at different

wavelengths

pH Alnm pH Alnm

446 496 550 446 496 550

0.03 0.97 0.62 0.78 8.96 9.35 9.23 9.53

0.23 0.42 0.26 0.42 941 9.47 9.34 9.67

0.48 0.32 0.11 0.35 9.85 9.62 9.48 9.76

0.76 0.28 0.01 0.41 10.26  9.79 9.65 9.89
10.64  9.70 9.44 9.99

Mean pK, = 041+ 0.17 Mean pK,, =9.59 £ 0.14

Another application of § is the determination of trace
amounts of transition metal ions. Even small concentra-
tions of such toxic metallic ions as Cd*" or Hg*" in
environmental objects could cause very dangerous illnesses
or death. Fortunately, they can be determined with the azo
dye 5 by means of the spectrophotometric or extraction-
photometric methods.

Thiazolylazonaphthol compound 5 creates in aqueous
solution stable chelate complexes with ions such as Zn*",
Cd*", Hg*", Cu®", Co*", Ni*" and Pd*" causing the
bathochromic shift on the UV/Vis spectrum of 5. Most of
these complexes are poorly soluble in water because the
molecule of the azo compound does not have a single
strong hydrophilic group. In this case, some organic sol-
vents should be used as the extractant. Toluene proved to
be the best solvent for the extraction of chelates. Probably,
it is due to the resemblance between the structure of
toluene and a benzyl group that was attached to the
molecule of the dye. So, it can be assumed that the sub-
stance S is much better soluble in toluene than other azo
reagents according to a popular aphorism “Similia sim-
ilibus solventur” (“like dissolves like”) [51].

Basing on this, sensitive methods for the transition
metals determination were developed (Table 4) and suc-
cessfully tested on model solutions and real environmental
samples (waters, soils, etc.). Some specific reaction con-
ditions were determined to minimize the influence of
diverse ions and selectively determine necessary ions.

Table 4 Characteristics of spectrophotometric procedures involving the azo reagent 5

Ton pH Medium Ton/reagent ratio and Wavelength ~ Molar absorptivity Detection Sample
conditions Amax/NM e x 107*mol™! dm® cm™! limit/ppb

Zn** 8 Toluene 1:2 590 0.97 160 Water

Zn*t 11 CCl, 1:2 600 2.1 79 Alloys, soils

Cd** 13 Toluene 1:2 595 1.9 100 Water

cd** 13 ccl, 1:2 595 1.9 168 Alloys, soils

Hg2+ 8  Water saturated 1:3; 5 min after 630 3.56 81.6 Soils

with toluene preparation

Cu*t CCly 1:2 590 2.2 108 Alloys, soils

cu®’t 5 Water 1:2; presence of Triton 596 4.38 - Water
X-100

Co®™ 11  Toluene 1:2 565 1.08 160 Water, glass

Ni** 10 Toluene 1:2; 5 min heating of 610 1.56 57 Water
aqueous solution

pd>t 1 CHCl; 1:1; 30 min heating of 684 0.67 96 Details of
aqueous solution electronic

devices
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Conclusions

In conclusion, we have synthesized and characterized a
new azo reagent 1-[(5-benzyl-1,3-thiazol-2-yl)diazenyl]-
naphthalene-2-ol. It was prepared in the efficient synthetic
procedure involving Meerwein arylation, diazotization and
diazocoupling. This method can be an excellent synthetic
route to new diazo colors as potential analytical reagents.

The obtained compound is thermally stable up to
171 °C. The further decomposition of the substance takes
place in five consecutive stages and ends at ~680 °C.
Thiazolylazonaphthol dye was found to be a sensitive and
selective analytical reagent for the determination of such

transition metal ions as Cd**, Hg>", Pd**. Moreover,

according to the results of the ionization constants deter-
mination, the substance 5 could be successfully used as the
indicator in acid-base titrations. Furthermore, the reviewed
azo dye may be active against cancer cells because of the
presence of thiazol heterocycle.
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