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Keywords Abstract: In this study, where 2-amino-1,3,4-thiadiazole and 5-mercapto-2-amino-

Pyrazgle, 1,3,4-thiadiazole compounds were used as starting materials, five new azo dyes

XhlaglaZOle. were synthesized using 3-amino-5-methyl pyrazolone, 3-amino-1-phenyl-5-methyl
zo dyes,

pyrazolone, and barbituric acid as coupling components. 1H-NMR and ATR-FTIR
spectroscopic methods determined the molecular structures of the synthesized
compounds. In addition, UV-Vis and absorption spectra of the synthesized
compounds were taken, and their solvatochromic properties were investigated. As
a result of absorption studies, positive solvatochromism was observed in the
synthesis compounds.

Solvatochromic.

Pirazol ve 1,3,4-Tiyadiazol Tiirevlerini iceren Yeni Azo Boyalarinin Sentezi ve
Solvatokromik Ozelliklerinin incelenmesi

Anahtar Kelimeler 0z: 2-amino-1,3,4-tiyadiazol ve 5-merkapto-2-amino-1,3,4-tiyadiazol bilesiklerinin
Pirazol, baslangic maddesi olarak kullanildig1 bu ¢alismada; 3-amino-5-metil pirazolon, 3-
Tiyadiazol, amino-1-fenil-5-metil pirazolon ve barbiitirik asitin kenetleme bilesenleri olarak
?gﬁ,:;y;:mide’ kullanildig1 bes yeni azo boyarmadde sentezlenmistir. Sentezlenen bilesiklerin
' molekiiler yapilar1 1H-NMR, ATR-FTIR spektroskopik yontemleri ile belirlenmistir.
Ayrica, sentezlenen bilesiklerin UV-Vis. absorpsiyon spektrumlar1 alinmis ve
solvatokromik ozellikleri incelenmistir. Absorpsiyon c¢alismalar1 sonucunda,

sentezlenen bilesiklerde pozitif solvatokromizm gézlenmistir.
1. Introduction different properties to the molecules they form,
primarily pharmacological properties [11,12].
Heterocyclic compounds are essential as they are Similarly, the biological importance of pyrazolone-
intermediates in many biological molecules [1] and linked compounds attracts the attention of many
generally contain five and six-membered rings [2]. The researchers [13,14]. It is known that compounds
synthesis of heterocyclic compounds is generally due containing pyrazole and 1,3,4-thiadiazole rings in
to their potential biological and industrial applications particular have potential as drugs [15,16]. Therefore,
[3-5]. In addition, these compounds have a wide range synthesizing different derivatives of biologically active
of pharmacological properties, such as antibacterial molecules, such as dyes, is of great importance today.
[6], antiviral [7], and anti-inflammatory agents [8], Solvation properties between the molecule and the
and they also play an important role in biochemical solvent, such as solvatochromism [17-22].
techniques [9]. Sulfur and nitrogen-containing Solvatochromism is used to describe the apparent
heterocyclic compounds have attracted researchers’ change in position and sometimes intensity of the UV-
attention to the development of organic synthesis Vis absorption band following a change in the polarity
[10]. For this reason, one of the popular compounds is of the medium. It is known that solvatochromism is
1,3,4-thiadiazole compounds. The sulfur and nitrogen commonly used in many fields of chemical and
atoms in the 1,3,4-thiadiazole ring contribute very biological research to study bulk and local polarity in
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macrosystems, or even the conformation and binding
of proteins [23-26].

Numerous studies suggest the synthesis of biologically
active thiadiazole and pyrazole-containing
compounds [27]. In addition, many studies examine
the solvatochromic properties of such compounds
[28,29]. However, the molecule in which these two
compounds are combined has not been studied much
in the literature. This study synthesized new azo dyes
containing five different pyrazole and thiadiazole
rings. Spectrophotometric methods such as ATR-FTIR
and 'H-NMR were used to elucidate the molecular
structures of these compounds. Additionally,
solvatochromic behaviors of the synthesis compounds
were investigated with their UV-Vis absorption
spectra.
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2. Materials and Methods

The chemicals, substances, and solvents
(spectroscopic purity) used in this study were
supplied by Sigma-Aldrich (USA) and Merck Company
(Germany). In addition, these products were used
directly without any purification. 2-Amino-1,3,4-
thiadiazole, 2-amino-5-mercapto-1,3,4-thiadiazole, 3-
methyl-5-pyrazolone, 1-phenyl-3-methyl-5-
pyrazolone, barbituric acid, sodium nitrite, sodium
hydroxide compounds, and hydrochloric acid, acetic
acid, pyridine, and DMSO solvents were purchased
from Sigma-Aldrich. An electrothermal SMP30 device
was used to determine the melting point of the
obtained compounds.

2.1. Synthesis of compound I

0.5 g (0.004 mol) of 2-amino-1,3,4-thiadiazole
compound was taken into a 100 mL beaker. 6 mL of
acetic acid and 3 mL of HCl were added, and the
mixture was placed in an ice bath and stirred. The
solution of NaNO2 prepared in minimum water was
added dropwise to the cooled mixture. At the end of
two hours, the diazonium salt was prepared. The
mixture of 0.49 g (0.004 mol) of 3-Methyl-5-
pyrazolone compound dissolved in 0.1 g NaOH
aqueous solution was added dropwise to the
diazonium solution in an ice bath and stirred for two
hours. At the end of the reaction, the mixture was
precipitated with water and filtered. The dried
precipitate was crystallized from DMSO-Water
mixture (10:1). The experimental setup of the
synthesized compounds is available in Figure 1. As a
result, the light-yellow compound obtained was
successfully synthesized with 68% yield. Melting
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point: 239 °C> decomposition, ATR-FTIR (cm1) Viax:
3266.78 (-NH stretching vibration), 1432.93 (-NH
bending vibration), 3074.32 and 3014.36 (aromatic C-
H stretching vibration), 2925.25 (aliphatic C-H
stretching vibration), 1661.56 (C=0 stretching
vibration), 1561.80 (C=N stretching vibration),
1502.02 (N=N stretching vibration), 1352.41 (N=N
bending vibration), 716.44 (C-S-C stretching
vibration). tH-NMR (8, ppm, DMSO-de): 2.28 (s, -CHs
in the 3H pyrazole ring), 5.38 (s, -CH in the 1H
pyrazole ring), 9.29 (s, -CH in the 1H thiadiazole ring),
9.00-9.50 (b, -NH in the 1H pyrazole ring).

2.2. Synthesis of compound II

0.5 g (0.0037 mol) of 2-amino-5-mercapto-1,3,4-
thiadiazole compound was taken into a 100 mL
beaker. 6 mL of acetic acid and 3 mL of HCl were added
and the mixture was placed in an ice bath and stirred.
A solution of 0.38 g of NaNO: prepared in minimum
water was added dropwise to the cooled mixture. At
the end of two hours, the diazonium salt was prepared.
0.37 g (0.0037 mol) of 3-Methyl-5-pyrazolone
compound was dissolved in an aqueous solution of 0.1
g of NaOH in another beaker and added dropwise to
the diazonium solution in an ice bath, and stirred for
two hours. At the end of the reaction, the mixture was
precipitated with water and filtered. The dried
precipitate was crystallized from DMSO-Water
mixture (10:1). As a result, the dark yellow compound
obtained was successfully synthesized with 63% yield,
mp: 109 °C>decomposition, ATR-FTIR (cm1) Vmax:
3150.58 (-NH stretching vibration), 1448.39 (-NH
bending vibration), 3066.60 (aromatic C-H stretching
vibration), 2983.44 (aliphatic C-H stretching
vibration), 2662 (S-H stretching vibration),1691.90
(C=0 stretching vibration), 1620.96 (C=C stretching
vibration), 1389.95 (N=N bending vibration), 700.82
(C-S-C stretching vibration). tH-NMR (8, ppm, DMSO-
ds): 2.28 (s, 3H -CH3), 6.33 (s, 1H pyrazole -CH), 7.87
(b, 1H pyrazole -NH), 13.09 (b, 1H, S-H).

2.3. Synthesis of compound III

0.5 g (0.0038 mol) of 2-amino-5-mercapto-1,3,4-
thiadiazole compound was taken into a 100 mL
beaker. 6 mL of acetic acid and 3 mL of HCl were added
and the mixture was placed in an ice bath and mixed.
0.38 g of NaNOz solution prepared in minimum water
was added dropwise to the cooled mixture. At the end
of two hours, the diazonium salt was prepared. The
mixture of 0.65 g (0.0038 mol) of 1-Phenyl-3-methyl-
5-pyrazolone compound dissolved in 0.1 g of NaOH
aqueous solution was added to the diazonium solution
dropwise in an ice bath and stirred for two hours. At
the end of the reaction, the mixture was precipitated
with water and filtered. The dried precipitate was
crystallized from the DMSO-Water mixture (10:1). As
a result, the dark orange compound obtained was
successfully synthesized with 68% yield, mp: 100
oC>decomposition, ATR-FTIR (cm) Vmax: 3246.97 (-
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NH stretching vibration), 1443.17 (-NH bending
vibration), 3053.83 (aromatic C-H stretching
vibration), 2994.59 (aliphatic C-H stretching
vibration), 2665 (S-H stretching vibration), 1702.58
(C=0 stretching vibration), 1494.53 (N=N stretching
vibration), 1391.76 (N=N bending vibration), 698.07
(C-S-C stretching vibration). tH-NMR (8, ppm, DMSO-
de): 2.27 (s, 3H -CHz), 7.49 (t, 1H phenyl proton), 7.69
(t, 1H phenyl proton), 7.91 (t, 1H phenyl proton),
13.06 (b, 1H -SH).

2.4. Synthesis of compound IV

0.5 g (0.004 mol) of 2-amino-1,3,4-thiadiazole
compound was taken into a 100 mL beaker. 6 mL of
acetic acid and 3 mL of HCl were added and the
mixture was placed in an ice bath and stirred. The
solution of NaNO2 prepared in minimum water was
added dropwise to the cooled mixture. At the end of
two hours, the diazonium salt was prepared. The
mixture of 0.63 g (0.004 mol) of barbituric acid
compound dissolved in 10 mL of pyridine was added
dropwise to the diazonium solution in an ice bath and
stirred for two hours. At the end of the reaction, the
mixture was precipitated with water and filtered. The
dried precipitate was crystallized from the DMSO-
Water mixture (10:1). As a result, the yellow
compound obtained was successfully synthesized
with 71% yield, mp:235 °C>decomposition, ATR-FTIR
(cm1) vmax: 3199.49 (-NH stretching vibration),
1437.97 (-NH bending vibration), 3098.30 and
3065.69 (aromatic C-H stretching vibration), 2734.89
(aliphatic C-H stretching vibration), 1712.57 and
1672.33 (C=0 stretching vibration), 1584.84 (C=N
stretching vibration), 1503.21 (N=N stretching
vibration), 1399.50 (N=N bending vibration), 689.43
(C-S-C stretching vibration). 1H -NMR (3, ppm, DMSO-
de): 9.27 (s, 1H aromatic in the barbituric acid ring -
CH), 11.56 (s, 1H thiadiazole -CH), 11.88 (s, 2H
barbituric -NH).

2.5. Synthesis of compound V

0.5 g (0.0038 mol) of 2-amino-5-mercapto-1,3,4-
thiadiazole compound was taken into a 100 mL
beaker. 6 mL of acetic acid and 3 mL of HCl were added
and the mixture was placed in an ice bath and stirred.
The solution of NaNO2z prepared in minimum water
was added dropwise to the cooled mixture. At the end
of two hours, the diazonium salt was prepared. The
mixture of 0.49 g (0.0038 mol) of barbituric acid
compound dissolved in 10 mL of pyridine was added
dropwise to the diazonium solution in an ice bath and
stirred for two hours. At the end of the reaction, the
mixture was precipitated with water and filtered. The
dried precipitate was crystallized from DMSO-Water
mixture (10:1). As a result, the light orange compound
obtained was successfully synthesized with 71% yield,
mp: 104 °C>decomposition, ATR-FTIR (cm1) Vmax:
329892 and 3168.33 (-NH stretching vibration),
3066.94 (aromatic C-H stretching vibration), 2663 (S-
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H stretching vibration), 1703.81 (C=0 stretching
vibration), 1590.35 (C=N stretching vibration),
1492.12 (N=N stretching vibration), 1355.17 (N=N
bending vibration), 699.16 (C-S-C stretching
vibration). tH-NMR (8, ppm, DMSO-ds): 9,27 (s, 1H
aromatic in the barbituric acid ring -CH), 11,58 (s, 2H
barbituric -NH), 11,86 (b, 1H -SH).

The experimental setup of the synthesized compounds
is available in Figure 1.
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Figure 1. Reaction schemes of the synthesized compounds

(1-5)
2.6. Absorption study

The visible region absorption spectra of the obtained
compounds in DMSO, DMF, acetonitrile, methanol,
acetic acid, and chloroform, and the change of
maximum absorption wavelengths (300 and 700nm)
in these solvents were investigated (10-8 - 10-6
mol/L). The maximum wavelengths of the compounds
in each solvent are different due to the different
solubilities of the compounds in these solvents.

In addition, UV-Vis. absorption of these three different
solutions prepared at similar concentrations (108 -
10-¢ mol/L) was also taken to observe the changes in
the methanol solution of each compound with the
addition of HCI (0.1 M) and KOH (0.1 M).

3. Results and Discussion
3.1. ATR-FTIR results

Spectra of the synthesized compounds were studied in
the 4000-400 cm™ range for infrared spectroscopy
(ATR-FTIR, Bruker). Spectrum analysis results are
shown in Table 1. Stretching vibration bands of the-
NH group in the structure of the compounds were
recorded in the range of 3266.78 and 3150.58 cm.
While the bands from aromatic -CH stretching
vibrations in the structures were observed in the
range of 3074.32 to 3014.36 cm'!, the bands from
aliphatic -CH stretching vibrations in the structures
were observed in the range of 2994.59 to 2734.89 cm"
1. The S-H stretching vibration bands for Compounds
I1, ITI, and V were observed at 2662, 2665, and 2663
cm, respectively. When the ATR-FTIR spectrum
results were examined, it was thought that the sharp
bands recorded between 1712.57 and 1661.56 cm-!
were caused by C=0 bond stretching vibrations. It is
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understood that the bands observed between 1590.35
and 1661.80 cm-! belong to C=N stretching vibrations.
While the stretching vibrations of N=N bonds were
observed between 1502.02 and 1492.12 cm’}, the
bending vibrations of the same group were observed
between 1399.50 and 1352.41 cm-. Stretching
vibrations of the C-S-C bonds in the 1,3,4-thiadiazole
ring found in all compounds were observed in the
range of 716.44 and 689.43 cm'!.

Table 1. ATR-FTIR value of synthesized compounds (cm-1)
ATR-FTIR (cm)

Comp. VAro VAlip vC-
Name  vwi  mac e VSH Ve VeN VNN g0
H H
3266 3074 1502
I 1432 3014 2925 1661 1561 1352 716
2662
3150 -
11 1448 3066 2983 1691 1389 700
2665
3246 1494
I 1443 3053 2994 1702 1391 698
3199 1712 1503
v 1437 3098 2734 1672 1584 1399 689
2663
\'4 3298 3066 1703 1590 1492 699

3168 1495 1355

3.2. 1H-NMR results

Bruker Spectrometer 400-MHz instrument (Germany)
was used for 'H-NMR spectrum analysis of the
synthesized compounds and their solutions prepared
in DMSO-ds. As seen in the analysis results in Table 2,
the peaks belonging to the aliphatic -CH3 protons in
the molecular structures were observed between 2.27
and 2.28 ppm. The molecules' aromatic -CH protons in
the thiadiazole, pyrazole, and barbituric acid ring were
observed between 5.38 and 11.56 ppm. The -NH
protons in the barbituric ring were recorded in the
range of 11.50-11.88 ppm. Finally, the -SH protons in
compounds II, II], and IV were obtained at the values
0f11.71,13.06, and 11.86 ppm, respectively.

Table 2. 1H-NMR (8, ppm, DMSO-de) values for synthesized
compounds

5.38 (s, 1H; pyrazole -

2.28 (s, 3H; - CH) 9.00-9.50 (b, 1H; -
I CHsin the NH in the pyrazole
. 9.29 (s, 1H; .
pyrazole ring) thiadiazole -CH) ring)
2.28 (s, 3H; - . 7.87 (b, 1H;
I CHsin the 633 (s, ll(-:Ii_lp))yrazole N pyrazole -NH)
pyrazole) 13.09 (b, 1H; -SH)
7.49 (t, 1H; -CH in the
. phenyl ring)
227(s,3H = 5 69t 2H;-CHinthe  13.06 (b , 1H; -
III CHzin the .
pyrazole) phenyl nng) SH)
7.91 (d, 1H; -CH in the
phenyl ring)
9.27 (s, 1H; aromatic -
CH in the barbituric
v acid ring) 11.88 (s, 2H;
11.56 (s, 1H; aromatic barbituric -NH)
-CH in the thiadiazole
ring)
9.27 (s, 1H; aromatic - 11.58 (s, 2H;
\'% CH in the barbituric barbituric -NH)

acid ring)

11.86 (b, 1H -SH)

1H-NMR (8, ppm, DMSO-ds)

Comp.

Name Aliphatic -H Aromatic - H X-H

3.3. Absorption results

As seen in Table 3, UV-Vis. absorption values of the
solutions of the synthesized compounds in different
solvents, measured in the range of 300-700 nm, are
shown. When these values are examined, it is
understood that Compound 4 gives absorption at a
single wavelength except for its solution in DMSO. It is
seen that the compounds give different absorptions in
different solutions with different dielectric constants.
However, no proportional decrease or increase is
observed depending on the dielectric constants.

As seen in Table 4, since the synthesized compounds
give different absorption in different solvents, the
absorption graphs of the structures with the addition
of acid and base to the solution in methanol were also
examined. In all synthesized compounds, it was
observed that the maximum wavelengths decreased
with the addition of acid (hypsochromic shift). In
contrast, the maximum wavelengths increased with
the addition of base (bathochromic shift). Figure 2
provides an example of this phenomenon by showing
the change in Compound IV upon addition of acid and
base. This result, as stated in the literature, indicates
that if a bathochromic shift is observed with
increasing polarity of the medium, the dye is said to
exhibit positive solvatochromism [30].

Table 3. Maximum wavelengths of the synthesized compounds in different solvents

A(nm)
Compound
Name DMSO DMF Acetonitrile Methanol Acetic acid Chloroform
I 364 417 301 400 350 453
11 290 304 440 448 338 388
111 308 309 451 441 377 453
1\ 366,417 411 354 401 350 438
\'% 308 387 359 387 358 372
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Table 4. Change of maximum wavelengths of synthesized
compounds with acid-base addition

A(nm)
Compound Methanol Methanol
Name Methanol .
+ Acid + Base
I 400 375 404
I 448 311 304,403
111 441 309 395
v 401 362 410
Vv 387 346 393

As the polarity decreased (Methanol, Acetic Acid,
Chloroform), a red shift (bathochromic shift) was
observed, i.e.,, the absorption wavelength increased.
Chloroform, which has a polarity index of 1.1, was
generally observed to have the longest wavelength.
When Compound IV was examined in detail, it was
seen that the lowest wavelength was in acetic acid
(6.2), which has the highest polarity index. The longest
wavelength was in chloroform (1.1), which has the
lowest polarity index. A blue (hypsochromic) shift was
generally observed in acidic media, and the absorption
wavelengths became shorter. The most significant
change in acidic media was observed in Compounds II
and II (~137 nm and ~132 nm). A red shift
(bathochromic shift) was generally observed in basic
media. In some compounds, two absorption bands
were observed in basic media (For example,
Compound II: 304 and 403 nm). Compound II, with
this difference, may have different resonance
structures, suggesting that the absorption wavelength
in all compounds except Compound III increased in
basic medium.

1,500 . ,

1-Methanol

2-Methanol + Acid
i 3-Methanol + Base
1,000

0,500
3

P\

0,000 =
300,00

500,00
frm

400,00 600,00 T00 00

Figure 2. Absorption spectrum showing the change of
compound IV upon acid-base addition.

3.4. Substituent effects

As indicated in Table 3, changes in absorbance
wavelength occurred with the shift of substituents in
azo dyes. The substituent effect was mostly observed
in acetonitrile among all solvents. The least change
was observed in acetic acid. There is conjugation
between the phenyl group and the pyrazolone ring
attached to the azo bridge, which causes the
absorbance to shift to higher wavelengths (longer UV
regions). When Compounds II and III were compared,
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the bathochromic shift resulting from this conjugation
was clearly seen.

The electronegativity of -SH can change the electron
density of the system by changing the electron density
in the molecule, which can shift the wavelength of
absorbance. When Compound I and II structures and
Compound IV and V, to which -H and -SH were
attached, were compared, weak shifts were observed.

4. Conclusion

Within the scope of this study, five different new 1,3,4-
thiadiazole derivative dyes were synthesized. The
structure determination of the obtained compounds
was carried out by spectroscopic methods such as FT-
IR, tH-NMR, and it was seen that the compounds were
synthesized successfully. UV-Vis. absorption spectra
of the synthesis compounds were examined and the
results were interpreted. It is thought that the
compounds have the feature of being used as
indicators due to their absorption in the visible region.
In addition, it can be predicted that the obtained
compounds can be used in the dyeing of textile
products because they are heterocyclic azo dyes.
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