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Abstract: In this study, two different azo dyes were synthesized from the reaction of 2-amino 

benzothiazole derivative amine and heterocyclic coupling compounds. The structures of the 

synthesized compounds were characterized such as by 1H-NMR and FT-IR spectroscopic 

methods. Four different possible tautomer structures are contemplated for each of the 

compounds. Considering the spectroscopic results analysis, the molecular structure of each 

tautomer was evaluated. UV-Vis. absorption properties of the obtained azo dyestuff compounds 

were studied using six different solvents. On the other hand, the electronic data of the 

spectroscopic and absorption properties of the tautomeric structures of the final products were 

examined theoretically at the B3LYP/6-311++G(2d,2p) theory level with the DFT approach. 

The experimental and theoretical results obtained in the study were compared with each other 

and the results were discussed. 
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Benzotiyazolden Elde Edilen Bazı Azo Boyarmaddelerin Sentezi ve Yoğunluk 

Fonksiyonel Teorisi ile Analizi 

Öz: Yapılan bu çalışmada, 2-amino benzotiyazol türevi amin bileşikleri ve heterosiklik 

kenetleme bileşiğinin reaksiyonundan iki farklı azo boyarmadde sentezlenmiştir. Sentezlenen 

bileşiklerin molekül yapıları, 1H-NMR ve FT-IR gibi spektroskopik yöntemlerle karakter 

analizine tabi tutulmuştur. Bileşiklerin her biri için muhtemel olan dört farklı tautomer yapı 

öngörülmüştür. Spektroskopik sonuç analizleri dikkate alınarak, herbir tautomer molekül 

yapısı değerlendirilmiştir. Elde edilen azo boyarmadde bileşiklerinin UV-Vis. absorpsiyon 

özellikleri altı farklı çözücü kullanılarak çalışılmıştır. Öte yandan elde edilen nihai ürünlerin 

tautomerik yapılarının spektroskopik ve absorpsiyon özelliklerinin elektronik verileri DFT 

yaklaşımıyla B3LYP/6-311++G(2d,2p) teori seviyesinde teorik olarak incelenmiştir. Çalışma 

sonucunda elde edilen deneysel ve teorik sonuçlar birbirleri ile karşılaştırılmış ve sonuçlar 

tartışılmıştır. 

Anahtar kelimeler: Benzotiyazol, DFT, heterosiklik, azo boyarmadde. 

1. Introduction 

Aromatic and heteroaromatic dyes are popular compounds that are widely used not only 

in textiles but also in other industrial fields [1-3]. Azo dyes containing aromatic moieties 

linked by azo chromophores are widely used in textile coloring such as polyester, nylon, 

acetate, cellulose and acrylic [4,5]. Azo dyes also having aromatic heterocycles are very 
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important because they have shown brilliant color and chromophoric strength, excellent 

light, color, washing and sublimation fastness as well as high level-dying property in the 

dyes industry. One of them, benzothiazole derivative azo dyes, is important in terms of 

being both red colored disperse dyes and cationic dyes. [6,7]. Benzothiazole derivative 

azo dyes compounds have been synthesized many times and the applications of these 

compounds in many different fields have been investigated [8]. It has also found a place 

in important application areas outside the textile field such as pharmacology [9], non-

linear optical systems [10], anticancer activities [11] and antimicrobial activities [12]. 

Tautomerism, which has been known for over a century in azo dyes, is also an important 

issue in benzothiazole derivative azo dyes [8]. In particular, it was reported that Azo-

hydrazone tautomerism is theoretically and practically attractive, and the two tautomers 

are from different cuisines [13]. It is understood from the literature that the comparison 

of experimental and theoretical results is very useful for evaluations in application areas 

[14,15]. For this reason, the synthesis of azo dyes compounds containing benzothiazole 

group and the theoretical calculations of these compounds by DFT method have been the 

subject of many studies in recent years [16-22]. 

Considering the diversity of usage areas as well as the interest on it, in this study, two 

different azo dyes were synthesized from the reaction of 2-amino benzothiazole 

derivative amine and heterocyclic coupling compounds. The structures of the synthesized 

compounds were characterized by 1H-NMR and FT-IR spectroscopic methods. The 

absorption properties of the compounds were also investigated using six different 

solvents. Moreover, the theoretical spectroscopy calculations of the compounds were 

performed using the DFT method and the results were compared with the experimental 

results. The possible tautomer structures of the compounds and their relations with the 

electronic parameters obtained from the calculations based on these structures were 

investigated. The conformations and spectral properties of the tautomer structures were 

also exanimated. 

2. Material and Method 

The chemicals and solvents (spectroscopic grade) used in this study were obtained from 

Aldrich (USA) and Merck Company (Germany) and were used without any purification. 

Melting points were recorded in the Electrothermal SMP30 device. Infrared spectra were 

recorded on the Bruker Alpha FTIR instrument. 1H-NMR spectra were taken on Bruker 

(Germany) Spectrospin Avance DPX 400 Ultra-Shield spectrometer at room temperature 

by using tetramethylsilane (TMS) as the internal standard. 

Compound 4-imino-3,4-dihydro-2H-pyrimido[2,1-b][1,3]benzothiazole-2-one was 

synthesized according to the literature [23]. 

2.1. Synthesis of (E)-4-imino-3-((6-methoxybenzo[d]thiazol-2-yl)diazenyl)-3,4-

dihydro-2H-benzo[4,5]thiazolo[3,2-a]pyrimidin-2-one 

2-Amino-6-methoxybenzothiazole compound (0.249 g and 1.38 mmol) was dissolved in 

5 mL of acetic acid. NaNO2 (0.095 g and 1.38 mmol) were dissolved in a minimum 

amount of H2SO4 by heating at 70 ⁰C and added dropwise in an amine solution cooled to 

0-5 ⁰C. After 2 hours, the diazonium salt obtained from this solution was added to the 4-

imino-3,4-dihydro-2H-pyrimido[2,1-b][1,3]benzothiazole-2-one (0.3 g and 1.38 mmol) 

in 10 mL of pyridine. The mixture was reacted at 0-5 °C for 2 hours. At the end of the 

reaction, it was precipitated by the addition of dilute sodium acetate. The resulting solid 

was filtered and dried. The dried solid was crystallized from a mixture of DMF/water 

(1:10). The reaction route is available in Figure 1.  
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This compound has been previously synthesized [24] in the literature and has been 

resynthesized with some solvent changes. 
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Figure 1. The reaction route of compound 1. 

 

2.2. Synthesis of (E)-4-imino-3-((5-(methylthio)-1H-1,2,4-triazol-3-yl)diazenyl)-3,4-

dihydro-2H-benzo[4,5]thiazolo[3,2-a]pyrimidin-2-one 

3-Amino-5-metil-tiyo-1H-1,3,4-triazol compound (0.179 g and 1.38 mmol) was 

dissolved in 10 mL acetic acid and 5 mL of HCl. NaNO2 (0.095 g and 1.38 mmol) were 

dissolved in a minimum amount of H2O and added dropwise in an amine solution cooled 

to 0-5 ⁰C. After 2 hours, the diazonium salt obtained from this solution was added to the 

4-imino-3,4-dihydro-2H-pyrimido[2,1-b][1,3]benzothiazole-2-one (0.3 g and 1.38 

mmol) in 10 mL of pyridine. The mixture was reacted at 0-5 °C for 2 hours. At the end 

of the reaction, it was precipitated by the addition of dilute sodium acetate. The resulting 

solid was filtered and dried. The dried solid was crystallized from a mixture of 

DMF/Water (1:10). The reaction route is available in Figure 2. Yield 68%, mp: 290 oC, 

ATR-FTIR (cm-1) νmax: 3346.99 (-O-H stretching vibration), 3167.30 (=N-H bending 

vibration), 3058.36 (aromatic C-H stretching vibration), 2920.87, 2851.68 (aliphatic C-H 

stretching vibration), 1637.98 (C=C stretching vibration), 1584.16 (C=N stretching 

vibration), 747.68 (C-S-C stretching vibration). 1H-NMR (, ppm, DMSO-d6): 2.75 (s, 

3H –SCH3), 7.34-8.08 (m, 4H aromatic CH), 8.82-9.16 (b, 1H –NH), 9.68 (s, 1H –OH), 

12.45 (s, 1H =NH).  
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Figure 2. The reaction route of compound 2. 

 

2.3. UV-Vis. Absorption Study 
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The compounds synthesized in the UV-Vis absorption study were made using solutions 

prepared in six different solvents (Dimethylsulfoxide, N,N-Dimethylformamide, 

acetonitrile, methanol, chloroform and acetic acid) in the range of 300-700 nm at 10-4-10-

6 M concentration. The maximum absorbance values obtained for the two synthesized 

compounds were evaluated depending on the solvent change. The graphs obtained for 

compound 1 and compound 2 are shown in Figure 3. 

 

 

Figure 3. Absorption plots for compound 1 (a) and compound 2 (b) in different solvents. 

2.4. Computational procedure 

DFT [24, 25] calculations of the study were performed using Gaussian 09 software [26], 

with a basis set of 6-311++G(2d,2p) on the Becke 3-Parameter of Lee-Yang parr 

(B3LYP) functional. The IR calculations were completed successfully without any 

imaginary frequency mode performed in the gas phase and other calculation processes 

were started by checking that the compounds were optimized to the ground state energies 

corresponding to the minimum energy point on the potential energy surface. The frontier 

molecular orbital (FMO) energy eigenvalues of the compounds and global chemical 

reactivity parameters such as HOMO-LUMO band gap, chemical hardness, 

electronegativity, electrophilic index, nucleophilic index, electron donating and electron 

accepting powers were also obtained from the gas phase calculations at the same level of 

theory. QTAIM approach [27, 28] was used to analyze the changes of electron densities 

at bond critical points and ring critical points in tautomer structures. IRI [29] calculations 

were also performed to reveal the intramolecular interactions and the electron density of 

the bonds. Multiwfn software [30] was used for QTAIM and IRI analysis and data 

visualization. 

Spectral calculations were also performed in the same solvent phases in accordance with 

the experiments at B3LYP/6-311++G(2d,2p) level of theory. 1H NMR calculations were 

carried out in dimethyl sulfoxide (DMSO) phase with the solvent effect approach of the 

conductor-like polarizable continuum model (CPCM) using Gauge-independent atomic 

orbital (GIAO) method.  The 1H-NMR spectrum of tetramethylsilane (TMS) was 

calculated as 31.8149 ppm using the same level of theory, and the relative chemical shift 

values were obtained by subtracting the calculated absolute chemical shielding of TMS. 

Time dependent DFT (TD-DFT) was used to calculate vertical excitation energies. UV 

spectral calculations were also performed at the same level, using the Self-Coherent 

Reaction Field (SCRF) method and CPCM approach, in accordance with the experiments, 
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in acetic acid, acetonitrile, dimethylformamide (DMF), dimethyl sulfoxide (DMSO), 

chloroform and methanol phases. 

3. Results 

Compound 1 was synthesized according to the literature [31] and the properties of the 

compound were found to be compatible with the literature. According to the 1H-NMR 

analysis results of compound 2, the peak belonging to the aliphatic group –SCH3 protons 

in the structure is seen at 2.75 ppm. Aromatic protons in the structure are seen in the range 

of 7.34-8.08 ppm. While the peaks of two different –NH proton is widely seen in the 

range of 8.82-9.16 ppm, the peak of the –OH proton is observed at 9.68 ppm. Finally, the 

peak of the =NH proton is seen at 12.45 ppm. Integration rates of protons are compatible 

with the structure.  

The maximum absorption results obtained compounds are shown in Table 1. 

Table 1. The maximum absorption results of compounds λ(nm) 

Compound DMSO DMF ACN Methanol Acetic Acid Chloroform 

1 334, 
349s, 
458, 
560s 

334, 
349s, 

468, 555s 

329, 
342s, 

360s, 440 

330, 347s, 
359s, 447 

333, 345s, 
363s, 437 

335, 348s, 
360s, 438 

2 351, 
404s 

356 363, 383s 356, 403s 350, 390s 361, 349s, 388s 

s: shoulder 

For compound 1, there appear to be two different maximum absorption points in all 

solvents in general. In addition, shouldering is observed at short and long wavelengths in 

all solvents except the solution of compound 2 in DMF. It is thus understood that the 

compounds have more than one tautomeric form in these solvents. It is generally observed 

that the maximum absorption points increase with the increase of the dielectric constant 

of the solvents. It is thought that the energy required for electronic transitions decreases 

with the increase in solvent polarity, and as a result, the absorbance value increases. For 

compound 2, there is no such linear increase. 

When the spectroscopic results are examined, it is observed that the solid state of the 

molecules and the states in the solution are different. For this reason, the structure is 

discussed over the different tautomeric forms of the molecules. Possible tautomeric forms 

of the structures of the compounds are given in Figure 4 and Figure 5. When the 

spectroscopic analysis results are evaluated; Finding -C=O and -NH2 stretching vibrations 

in the FT-IR and 1H-NMR results [24] for compound 1 is thought to be in the 1Ta 

tautomeric form of the structure in solid and solvent. For compound 2, -OH and -NH 

stretching vibrations are found in the FT-IR and 1H-NMR results, and the state of the 

structure in solid and solvent is considered to be in the 2Tb tautomeric form. The 

regression analysis performed on the experimental data and the calculation results 

revealed that the results were compatible with each other. Such that, as a result of the 

regression analysis of the FT-IR data of compound 1 and its tautomeric form 1Ta, 𝑅2 =
0.9932 was calculated. Likewise, regression analysis for compound 2 and tautomeric 

form 2Tb gave the result 𝑅2 = 0.9974. 
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Figure 4. Possible tautomeric structures of compound 1. 

 

 

Figure 5. Possible tautomeric structures of compound 2. 

The calculated 1H-NMR and IR data of the predicted tautomer forms of the compounds 

are given in Table 2 and Table 3, respectively.  
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Table 2. Calculated 1H-NMR data of the tautomers (ppm). 

Pyr. H: Pyrimidone H. 

Table 3. Calculated IR data of the tautomers (cm-1). 

 

Isom

er 
H1 H2 H3 H4 NH2 NH OH 

=N-

NH 

Pyr. 

H 
H5 H6 H7 

CH

3 

1Ta 8.37 
8.0

3 

7.9

5 

8.1

3 

7.81, 

5.59 
- - - - 8.23 

7.4

1 

7.6

8 

4.25

-

3.96 

1Tb 
10.1

4 

8.0

2 

7.9

5 

8.1

8 
- 9.75 

16.0

2 
- - 8.17 

7.4

0 

7.6

6 

4.26

-

3.96 

1Tc 9.84 
7.9

2 

7.8

4 

8.0

4 
- 

10.3

2 
- 

15.7

1 
- 8.04 

7.3

9 

7.6

7 

4.24

-

3.93 

1Td 9.17 
7.9

3 

7.8

4 

8.0

5 
- 

10.1

2 
- - 5.59 8.48 

7.5

4 

7.7

3 

4.29

-

4.01 

2Ta 8.29 
7.9

8 

7.9

2 

8.1

0 

12.78. 

6.72 
- - - - 

10.0

1 
- - 

3.09

, 

2.47 

2Tb 
10.2

8 

8.0

1 

7.9

7 

8.2

0 
- 

11.3

0 
9.83 - - 

10.0

0 
- - 

3.09

-

2.48 

2Tc 9.85 
7.9

1 

7.8

5 

8.0

2 
- 

10.1

9 
- 

15.5

2 
- 9.79 - - 

3.08

-

2.48 

2Td 9.08 
7.8

9 

7.8

4 

8.0

3 
- 9.32 - - 8.09 

10.3

2 
- - 

3.14

-

2.52 

Isomer NH2 NH 
Tria. 

NH 

=N-

NH 
OH Ar.H S/O-CH3 C=O C=C C=N CSC 

1Ta 
3639a, 

3520s 
- - - - 3220-3206 3142- 3016 1752 1637, 1622 1556 

844, 

732 

1Tb - 3512 - - 2933 32611-319 3143-3017 - 1639, 1624 1566, 1537 
848, 

735 

1Tc - 3508 - 3236 - 3221-3193 3143-3015 1682 1640, 1624 1599, 1559 
837, 

742 
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Tria: Triazol, Ar.H: Aromatic H, a: Asymetric stretching, s: Symetric stretching 

3.1. DFT analysis 

The compounds were handled in two groups, the first group tautomers 1T(a-d) and the 

second group tautomers 2T(a-d), and were examined both among themselves and 

mutually. Some global reactivity parameters calculated using FMOs are given in Table 

4. The ability of a molecule to interact with the surrounding environment is related to its 

total dipole moment, and the calculated dipole moments for tautomers 1Ta and 2Ta are 

approximately 1.5-2 times greater than for other tautomers. These data indicate that 

tautomers 1Ta and 2Ta may show higher reactivity to interact with the surrounding 

environment. On the other hand, Eg is a crude but useful parameter for characterizing the 

chemical reactivity and kinetic stability of a molecule. It can be said that due to the highest 

Eg value of 1Td and 2Td in two groups of tautomer compounds, their reactivity is weaker 

and their kinetic stability is higher than other tautomers (see Figure 6 for compound 1Ta 

and 1Tb). In this context, it is generally expected that the first group compounds will be 

more reactive than the second group compounds. In addition, while the HOMO energies 

of the first group tautomers were lower, the LUMO energies were calculated higher. A 

higher HOMO energy of a compound is directly related to its nucleophilic property, and 

a lower LUMO energy is related to its electrophilic behavior. Thus, in general, first group 

tautomers are expected to be more electrophilic than second group tautomers. The 

calculated electrophilic indices of the compounds also confirm such an expectation. The 

calculated ω values of the first group of tautomers ranged from 6.224 to 7.253 eV, while 

that of the second group of tautomers was calculated between 5.182-5.882 eV (see Table 

4). In general, similar results were obtained for the nucleophilic indices of the compounds. 

In addition, both electron accepting and electron donating power values of the first group 

tautomers were higher than those of the second group. The polarizability of the first group 

tautomers was also calculated higher than the second group (in the range of 361,459-

422.106 a.u for the first group, in the range of 276,850-310,863 a.u for the second group). 

The electronic data support the prediction that, overall for all tautomers, 2-amino-6-

methoxy benzothiazole attached to pyrimidine makes the compounds more reactive than 

3-amino-5-metil-tiyo-1H-1,3,4-triazol. 

 
Table 4. Calculated electronic parameters of the compounds. 

1Td - 3497 - - - 3253-3194 3146-3020 1781 1639, 1624 1589, 1582 
847, 

730 

2Ta 
3651a, 

3218s 
- 3651 - - 3206-3195 3166 -3069 1758 1622,1607 1661 732 

2Tb - 3465 3653 - 3554 3259-3193 3169-3070 - 1624, 1612 1558 738 

2Tc - 3495 3664 3268 - 3262-3192 3170-3071 1659 1624, 1618 1557, 1528 735 

2Td - 3537 3645 - - 3253-3193 3170-3071 1786 1624, 1618 1587, 1437 721 

Isome

r 

𝑬𝐇𝐎𝐌𝐎 

(eV) 

𝑬𝐋𝐔𝐌𝐎 

(eV) 

𝑬𝒈 

(eV) 

𝜼 

(eV) 

𝜒 

(eV) 

ω 

(eV) 

𝛆 

(eV) 

α 

(au) 

𝝁 

Debye 

ω+ 

(eV) 

ω- 

(eV) 

1Ta -5.843 -2.825 
3.01

8 

1.50

9 

4.33

4 

6.22

4 

3.65

2 

405.36

6 

11.74

4 

1.32

2 

5.65

6 

1Tb -5.778 -3.076 
2.70

2 

1.35

1 

4.42

7 

7.25

3 

3.71

6 

422.10

6 
4.787 

1.75

1 

6.17

8 
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𝑬𝒈: 𝐸𝐿𝑈𝑀𝑂 − 𝐸𝐻𝑂𝑀𝑂 , 𝜼: Chemical Hardness, 𝝌: Electronegativity, ω: Electrophilic index, 𝛆: Nucleophilic 

index, α: Polarizability, 𝝁: Dipole moment, ω+: electroaccepting power, ω-: electrodonating power 

 

Figure 6. ESP-HOMO and LUMO surface of the compounds 1 and 2. 

As a result of tautomerization, intramolecular interactions and hydrogen bonds are 

formed. In Figure 7, IRI surfaces showing intramolecular interactions of tautomer 1Ta 

are given. In addition, QTAIM calculations give charge densities in RCPs and BCPs (see 

Figure 8). IRI surfaces can also be used to visualize interatomic bond electron densities. 

As seen in Figure 7, N=N bond (B9, π-bond) and C–C (B6, σ-bond) had distinctly 

different surfaces in terms of electron density (darker red indicates higher electron 

density). It was observed that NH2 and NH structures on the pyrimidine ring of tautomers 

make strong intramolecular hydrogen bonds. 

1Tc -5.953 -3.105 
2.84

8 

1.42

4 

4.52

9 

7.20

2 

3.54

2 

392.75

6 
5.520 

1.69

3 

6.22

1 

1Td -6.381 -2.955 
3.42

6 

1.71

3 

4.66

8 

6.35

9 

3.11

4 

361.45

9 
5.465 

1.27

4 

5.94

2 

2Ta -6.099 -2.533 
3.56

6 

1.78

3 

4.31

6 

5.22

3 

3.39

6 

302.65

8 
9.875 

0.89

9 

5.21

5 

2Tb -5.958 -2.630 
3.32

9 

1.66

4 

4.29

4 

5.54

0 

3.53

6 

310.86

3 
2.200 

1.03

9 

5.33

3 

2Tc -6.221 -2.779 
3.44

3 

1.72

1 

4.50

0 

5.88

2 

3.27

4 

300.14

5 
4.827 

1.12

1 

5.62

1 

2Td -6.541 -2.552 
3.98

9 

1.99

5 

4.54

7 

5.18

2 

2.95

3 

276.85

0 
4.875 

0.81

6 

5.36

3 
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Figure 7. IRI surface of intramolecular interaction and QTAIM points of compound 1Ta. 

Considering that the hydrogen atoms around the central nitrogen atoms in tautomeric 

structures make high contributions to the intramolecular interactions, it can be said that 

the B1, B2 and B3 bonds cause the electron densities in BCPs not to be affected much by 

tautomerization (see Figure 8). B4 has a sigma bond only in Ta-type taoutomers and it 

can be seen from the IRI and QTAIM data that the bond electron density increases due to 

the =NH bond structure (π-bond) in other tautomers. The bond electron densities of Td 

tautomers vary more than those of other tautomers, and the calculated total energies of 

both 1Td and 2Td are higher than other tautomers in their group. Tc tautomers with both 

NH⋯N and NH⋯O interactions have lower molecular energy (in the gas phase, for 1T(a-

d): -1968.839, -1968.858, -1968.863, and -1968.827, a.u, respectively; for 2T(a-d): -

1811.326, -1811.3376, -1811.3496, and -1811.3026 a.u, respectively). Electron densities 

in RCPs are not affected by tautomerization and are generally calculated around 0.023 

e/bohr3 at R1, R3 and R5 points, and around 0.038 and 0.043/0.063 e/bohr3 for compound 

1 and 2 tautomers at R2 and R4 points, respectively. 

 

 

Figure 8. Electron density values (e/bohr3) on the BCPs of the tautomers. 

UV calculations of the tautomers were performed at the B3LYP/6-311++G(2d,2p) theory 

level in the same solvent phase as the experiments. In general, it was observed that the 

absorption peaks were not affected by the change of solvents (Table 5; Figure 9-a,b). It 

was observed that the 2-amino-6-methoxy benzothiazole moiety shifted the absorption 

peaks to higher wavelengths compared to 3-amino-5-metil-tiyo-1H-1,3,4-triazol moiety. 

That is, the maximum absorption wavelengths of the tautomers of compound 1 were 
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calculated larger than those of the tautomers of compound 2. In the similar tautomeric 

conformations of compounds 1 and 2, the maximum absorption peak of the Tb isomer 

shifted to higher wavelengths, while in Td it shifted to lower wavelengths. Considering 

that electrons in transit from HOMO to LUMO in general are responsible for the 

maximum absorption peaks, it is an expected result that tautomers with small Eg values 

will give absorption peaks at higher wavelengths. In addition, tautomers Tb and Tc 

showing absorption peak curves close to each other may be due to the similar 

characteristics of intramolecular hydrogen bonds.  

Table 5. Calculated UV data (absorption values > 300 nm) 

s: shoulder. 

 

Figure 9. UV data of tautomers. (a) and (b): UV absorption plots of 1Ta and 2Ta tautomers in different 

solvents, (c) and (d): UV absorption graphs of 1 and 2 tautomers in methanol solvent. 

4. Conclusion 

Four different possible tautomer structures are contemplated for each of the compounds. 

Parallel to the experimental spectral studies, calculations were performed at the level of 

B3LYP/6-311++G(2d,2p) and data to support the experimental results were obtained. 

Isomer Acetic acid Acetonitrile DMF DMSO Chloroform Methanol 

1 Ta 470, 331 471, 331 474, 332 474, 332 472, 331 470, 331 

1Tb 531 531 535 535 534 530 

1Tc 504, 315 504, 316 507, 316 507, 316 505, 316 504, 316 

1Td 413, 329s 415, 330 417, 330 417, 330 413, 321s 415, 330 

2 Ta 403, 333 405, 340 407, 341 406, 341 404, 333 405, 340 

2Tb 429, 320 430, 323 432, 323 431, 324 430, 318 429, 323 

2Tc 428, 327 431, 329 433, 330 432, 330 428, 326 431, 329 

2Td 331 332 333 333 331 332 
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The relationship between the tautomeric structures of the compounds and their electronic 

properties was investigated theoretically. The effects of tautomeric transitions on the 

conformational and spectral properties of the compounds have been demonstrated. The 

calculations led to the prediction that the first group tautomers containing 2-amino-6-

methoxy benzothiazole may be more reactive than the second group tautomers containing 

3-amino-5-methyl-thio-1H-1,3,4-triazole, since the first group tautomers are more 

electrophilic, have higher polarizability and electron accept-donor power, and also have 

lower Eg values. 

It was determined that tautomerization can form intramolecular interactions and hydrogen 

bonds, and tautomers with intramolecular hydrogen bonds such as NH⋯N and NH⋯O 

have lower molecular energy. It has also been shown that IRI surfaces can be used to 

visualize interatomic bond electron densities. 

It was observed that the absorption peaks were not affected by the solvent change. In 

addition, it was observed that the 2-amino-6-methoxy benzothiazole moiety decreased 

the Eg value compared to the 3-amino-5-methyl-thio-1H-1,3,4-triazole group and, in 

parallel, shifted the absorption peaks to higher wavelengths.he template file. The text 

under this heading should be Times News Roman-12 points. 
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