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Graphical/Tabular Abstract (Grafik Özet) 

 

Figure A: Bis azo compounds (1-6) containing S/SO2 and cyclic-1,3-dicarbonyl groups / Şekil A: 

S/SO2 ve siklik-1,3-dikarbonil grupları içeren bis azo bileşikler (1-6)  

Highlights (Önemli noktalar)  

➢ Six new bis azo dyes with S/SO2 bridge containing cyclic-1,3-dicarbonyl groups were 

obtained from dianiline derivatives. / Dianiline türevlerinden siklik-1,3-dikarbonil 

grupları içeren S/SO2 köprülü altı yeni bis azo boyası elde edilmiştir. 

➢ The structure of the bis azo dyes was investigated by using, FT-IR, 1H-NMR, LC–MS/MS 

and UV–Visible spectrophotometric methods. / Bis azo boyalarının yapısı FT-IR, 1H-

NMR, LC–MS/MS ve UV–Visible spektrofotometrik yöntemler kullanılarak incelenmiştir. 

➢ UV visible absorption spectra of bis azo dyes were investigated in different solvents and 

also in inorganic acidic-basic media. / Bis azo boyaların UV görünür absorpsiyon 

spektrumları, farklı çözücülerde ve ayrıca inorganik asidik-bazlı ortamda incelenmiştir. 

Aim (Amaç): This study, it is aimed to synthesize new bis azo dyes that can be used in synthetic 

fibre dyeing and to obtain more bathochromic colours and higher tinctorial effect. / Bu çalışmada, 

sentetik elyaf boyamada kullanılabilecek yeni bis azo boyalarının sentezlenmesi ve daha 

batokromik renkler ve yüksek renklendirme etkisi elde edilmesi amaçlanmıştır.  

Originality (Özgünlük): In our study, original bis azo dyes with biologically active and high 

tincture properties were brought to the literature by combining the two active compounds, S/SO2 

dianiline derivatives and cyclic-1,3-dicarbonyl groups, using the diazo-coupling method. / 

Çalışmamızda iki aktif bileşik olan S/SO2 dianilin türevleri ve siklik-1,3-dikarbonil grupları diazo-

eşleştirme yöntemi kullanılarak birleştirilerek biyolojik olarak aktif ve renklendirme özelliği yüksek 

orijinal bis azo boyalar literatüre kazandırılmıştır. 

Results (Bulgular): Three tautomeric forms bis azo-dioxo (T1), bis hydrazo-dioxo (T2) and bis azo-

enol-oxo (T3) were estimated for bis azo dyes regarding present FT-IR and 1H-NMR data. 

According to the UV-Vis spectrum, it was observed a single maximum absorption peak in all 

solvents. / Bis azo-diokso (T1), bis hidrazo-diokso (T2) ve bis azo-enol-okso (T3) olmak üzere üç 

tautomerik form, mevcut FT-IR ve 1H-NMR verilerine göre bis azo boyaları için tahmin edilmiştir. 

UV-Vis spektrumuna göre, tüm çözücülerde tek bir maksimum absorpsiyon zirvesi gözlendi. 

Conclusion (Sonuç): In the 1H-NMR Spectrum, we can say that our compounds are in bishydrazo-

dioxo form. It has been observed generally that bis azo dyes containing the sulfonyl group have a 

more low wavelength as against the sulfo group in all solutions.  According to the absorption data 

the compounds are thought to be mostly in the bis hidrazo-dioxo (T2) tautomeric form in the 

solution medium. The observed wavelength shouldering in basic medium shows that two different 

tautomeric forms coexist in the basic environment of dye solutions. / 1H-NMR Spektrumunda 

bileşiklerimizin bishidrazo-diokso formunda olduğunu söyleyebiliriz. Genel olarak tüm çözeltilerde 

sülfonil grubu içeren bis azo boyalarının sülfo grubuna göre daha düşük dalga boyuna sahip olduğu 

gözlenmiştir. Absorpsiyon verilerine göre bileşiklerin çözelti ortamında çoğunlukla bis hidrazo-

diokso (T2) tautomerik formda olduğu düşünülmektedir. Bazik ortamda gözlenen dalga boyu 

omuzlaması, boya çözeltilerinin bazik ortamında iki farklı tautomerik formun bir arada var 

olduğunu göstermektedir. 
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Abstract 

A sequence of new bis azo dyes was synthesized using aromatic diamines with S/SO2 bridges and 

cyclic-1,3-dicarbonyl compounds containing active methylene groups; 3,3-dimethyl-1,5-

cyclohexadione (dimedone), 1,3-cyclohexadione and 2,2-dimethyl-1,3-dioxane-4,6-dione, and 

was obtained dyes 1-6. Whether the reaction was complete and the purity of the compounds was 

controlled with TLC. The structure of the newly synthesized compounds was investigated by 

using, FT-IR, 1H-NMR, LC–MS/MS and UV–Visible spectrophotometric methods, CH3OH was 

used in the LC-MS/MS experiments, and the molecular masses of the compounds were seen as 

M and M+1 protonated in the spectrum. In the absorption spectra of these compounds, the solvent 

effect by using different solvents and also the acid-base effect by adding HCl or KOH to the 

medium were investigated. The tautomeric equilibrium forms (enol-imine O-H….N, keto-amine 

O….H-N forms) of the compounds were investigated according to the electronic spectrum 

recorded in chloroform, dimethylformamide (DMF), acetic acid and methanol solvents. The 

results of the UV-visible and 1H-NMR spectra indicated that the compounds in chloroform, 

dimethylformamide (DMF), acetic acid and methanol were found in the hydrazo tautomer (keto-

amine O….H-N forms) of the proposed tautomeric forms.  
 

 

S/SO2 Köprülü ve Siklik-1,3-Dikarbonil Grupları İçeren Bis Azo 

Bileşiklerinin Yapısı ve Spektroskopik Çalışmaları 

Makale Bilgisi 

Araştırma makalesi 

Başvuru: 18/04/2023 
Düzeltme: 13/07/2023 

Kabul: 14/07/2023 

Anahtar Kelimeler 

Bis azo boyalar  

Spektroskopik çalışmalar 

Dimedon 

Tautomerizm 

 
Öz 

S/SO2 köprülü aromatik diaminler ve aktif metilen grupları içeren siklik-1,3-dikarbonil 

bileşikleri; 3,3-dimetil-1,5-siklohekzadion (dimedon), 1,3-siklohekzadion ve 2,2-dimetil-1,3-

dioksan-4,6-dion kullanılarak bir dizi yeni bis azo boyası sentezlendi ve 1-6 boyaları elde edildi. 

Reaksiyonun tamamlanıp tamamlanmadığı ve bileşiklerin saflığı TLC ile kontrol edildi. Yeni 

sentezlenen bileşiklerin yapısı, FT-IR, 1H-NMR, LC-MS/MS ve UV-Visible spektrofotometrik 

yöntemler kullanılarak incelenmiş, LC-MS/MS deneylerinde CH3OH kullanılmış ve bileşiklerin 

molekül kütleleri spektrumda protonlanmış M ve M+1 olarak görüldü. Bu bileşiklerin absorpsiyon 

spektrumlarında farklı çözücüler kullanılarak çözücü etkisi ve ortama HCI veya KOH eklenerek 

asit-baz etkisi de incelenmiştir. Bileşiklerin tautomerik denge formları (enol-imin O-H….N, keto-

amin O….H-N formları), kloroform, dimetilformamid (DMF), asetik asit ve metanol 

çözücülerinde kaydedilen elektronik spektruma göre incelenmiştir. UV-görünür ve 1H-NMR 

spektrumlarının sonuçları, kloroform, dimetilformamid (DMF), asetik asit ve metanoldeki 

bileşiklerin önerilen tatomerik formların hidrazo tautomerinde (keto-amin O….H-N formları) 

bulunduğunu gösterdi. 

 

 

1. INTRODUCTION (GİRİŞ) 

Aromatic diazonium compounds, which are very 

unstable structures, must give a coupling reaction 

with a nucleophile immediately after their synthesis, 

for this purpose active methylene groups can be 

used [1–3]. As a consequence of reactions among 

primary amines and active methylene groups, 

products known in organic chemistry as diazonium 

groups are formed. These compounds exhibit 

different fastness and tinctorial properties according 

to the chemical structure of the diazo component 

and the coupling component. It is known that 

carbocyclic azo dyes have weaker tinctorial 

https://orcid.org/0000-0002-5441-2292
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properties compared to heterocyclic azo dyes [4]. In 

our study, we aimed to design bis azo dyes 

containing carbocyclic structures with better 

tinctorial properties. 

Cyclohexane, cyclohexanol, and cyclohexanone 

azo dyes are utilized as preliminary compounds in 

the medicinal and chemical industries. 

Cyclohexanol and cyclohexanone used as 

intermediates for a lot of organic compounds 

(pharmaceutical agents, rubber or pesticide 

chemicals, etc.) are obtained from cyclohexane [5]. 

Dimedone is an active methylene component, 

therefore it gives easy coupling with diazonium 

salts and high enolization in the azo-coupling 

reaction. Brightly colorful hydrazones can be 

obtained by azo-coupling reactions [6]. As typical 

reactive 1,3-dicarbonyl compounds, cyclohexane-

1,3-dione, and its analogies 5,5-dimethyl 

cyclohexane-1,3- dione (dimedone) and 2,2-

dimethyl-1,3-dioxane-4,6-dione have been widely 

used in versatile synthetic reactions. The use of 

cyclic-1,3-dicarbonyls, which have significant 

synthetic potential reactions, as coupling 

components in azo compounds has also been 

documented [7]. Azo derivatives of cyclic-1,3-

diketones are of great importance in fundamental 

and applied studies [8-10]. Azo dyes are of potential 

biological activities such as antifungal [11-17], 

antimycobacterial [18], antibacterial [19], 

anticancer-chemotherapy [20-22], anti-HIV [23–

28], DNA-cleavage [29] and in the textile, food and 

cosmetics industry [30-32]. Azo dyes are interesting 

compounds that can be used in many applications 

due to their colors and different properties [33-34]. 

In this study, a series of bis azo dyes based on 

dianiline derivatives including 1,3-dicarbonyl 

groups, such as cyclohexane-1,3-dione,  5,5-

dimethyl cyclohexane-1,3- dione (dimedone) and 

2,2-dimethyl-1,3-dioxane-4,6-dione, were 

synthesized and investigated solvatochromic 

behaviors of these bis azo dyes on UV-Vis spectra. 

2. MATERIALS AND METHODS (MATERYAL 

VE METOD) 

2.1. Experimental Equipment (Deneysel Ekipman) 

All chemicals purchased with Merck and Aldrich 

chemical companies were used with no purification. 

Melting points were determined on a Stuart-SMP30 

instrument with the capillary tube and were not 

corrected. Thermo Nicolet 6700 FT-IR 

spectrometer (on ATR) at Hitit University was used 

for infrared spectra (4000-400 cm-1). Brucker 

Avance DPX-400 NMR device (solvent CDCl3; 

internal standard TMS) at Fırat University was used 

for proton nuclear magnetic resonance (1H-NMR) 

spectra. LC-MS/MS was recorded by Thermo 

Scientific/TSQ Quantum Access Max at Scientific 

Technical Application and Research Center at Hitit 

University. Absorption spectra of compounds were 

recorded by a PG Instruments T80+ 

spectrophotometer. 

2.2. General synthesis of the arylhydrazone 

derivatives (Arilhidrazon türevlerinin genel sentezi) 

Diazonium salt: 

4,4’-thiodianiline (0,010 mol) or 4,4’-

sulfonyldianiline (0.010 mol) was dissolved in 

conc. HCl (5.04 mL, 0.060 mol) and 20.00 mL of 

water. Then, the solution temperature was allowed 

down to around 0°C on an ice-salt bath and 1.38 g 

(0.020 mol) NaNO2 solution in water was slowly 

dropped to the diamine solution and, continued 

stirring for at least 30 min. The temperature of the 

mixture should not exceed 0–5°C.   

 

 

 
Figure 1. Synthesis of bis azo compounds (1-6) (Bis azo bileşiklerinin sentezi(1-6))
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Azo coupling: 

Cyclic-1,3-dicarbonyl compounds (0.010 mol) in 

ethanol (20 mL) were added in portions to solution 

of the diazonium salt at 0–5°C. This mixture 

maintained 3h. The solid product was precipitated 

with saturated sodium acetate solution under pH 

control. The obtained solid crude was filtered, air-

dried and recrystallized using ethanol (for all 

compounds). The purities of the compounds were 

controlled with TLC (ethylacetate; n-hexane, 1:1). 

2,2'-((thiobis(4,1-phenylene))bis(hydrazin-2-yl-1-

ylidene))bis(cyclohexane-1,3-dione) (1) 

This compound was synthesized using the 4,4'-

thiodianiline and cyclohexane-1,3-dione 

compounds by the same procedure mentioned 

above for the synthesis of general procedure for the 

synthesis of the arylhydrazone derivatives.  

Yield: 61% m.p: 233-235°C, Color: Brown; FT-IR 

(cm-1): 3027 (Ar-H), 2952-2861 (aliph. C-H), 1690 

and 1668 (2C=O), 1574 and 1496 (2N=N); 1H-

NMR CDCl3 (ppm):  15.47 (s, 2H, N-H), 7.55 (d, 

4H, J=8.7 Hz, Ar-H), 7.40 (d, 4H, J= 8.7 Hz, Ar-H), 

2.75 (t, 8H, CH2), 2.12 (m, 4H, CH2). 

2,2'-((thiobis(4,1-phenylene))bis(hydrazin-2-yl-1-

ylidene))bis(5,5-dimethylcyclohexane-1,3-dione) 

(2) 

This compound was synthesized using the 4,4'-

thiodianiline and dimedone compounds by the same 

procedure mentioned above for the synthesis of 

general procedure for the synthesis of the 

arylhydrazone derivatives. 

Yield: 52% m.p: 140-142°C, Color: Brown; FT-IR 

(cm-1): 3055 (Ar-H), 2963-2926 (aliph. C-H), 1670 

and 1616 (2C=O), 1595 and 1575 (2N=N); 1H-

NMR CDCl3 (ppm): 15.47 (s, 2H, NH), 7.54 (d, 4H, 

J=8.7 Hz, Ar-H), 7.38 (d, 4H, J= 8.7 Hz, Ar-H), 2.64 

(s, 4H, CH2), 2.13 (s, 4H, CH2), 1.16 (s, 12H, CH3). 

2,2'-((thiobis(4,1-phenylene))bis(hydrazin-2-yl-1-

ylidene))bis(2,2-dimethyl-1,3-dioxane-4,6-dione) 

(3) 

This compound was synthesized using the 4,4'-

thiodianiline and 2,2-dimethyl-1,3-dioxane-4,6-

dione compounds by the same procedure mentioned 

above for the synthesis of general procedure for the 

synthesis of the arylhydrazone derivatives.  

Yield: 43% m.p: 178-180°C, Color: Orange; FT-IR 

(cm-1): 3100 (Ar-H), 2996-2943 (aliph. C-H), 1743 

and 1695 (2C=O), 1590 and 1516 (2N=N); 1H-

NMR CDCl3 (ppm): 13.70 (s, 2H, NH), 7.52 (d, 4H, 

J= 8.7 Hz, Ar-H), 7.44 (d, 4H, J= 8.7 Hz, Ar-H), 

1.84 (s, 12H, CH3) 

 

 

Figure 2.  1H-NMR spectrum of compound 4 (Bileşik 4’ün 1H-NMR spektrumu)
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2,2'-((sulfonylbis(4,1-phenylene))bis(hydrazin-2-

yl-1-ylidene))bis(cyclohexane-1,3-dione) (4) 

This compound was synthesized using the 4,4'-

sulfonyldianiline and cyclohexane-1,3-dione 

compounds by the same procedure mentioned 

above for the synthesis of general procedure for the 

synthesis of the arylhydrazone derivatives.  

 Yield: 60% m.p: 229-231°C, Color: Dark brown; 

FTIR (cm-1): 3095 (Ar-H), 2941-2875 (aliph. C-H), 

1668 and 1635 (2C=O), 1588 and 1573 (2N=N); 1H-

NMR CDCl3 (ppm): 15.14 (s, 2H, NH), 7.97 (d, 4H, 

J= 8.7 Hz, Ar-H), 7.66 (d, 4H, J= 8.7 Hz, Ar-H), 

2.75 (t, 8H, CH2), 2.10 (m, 4H, CH2). 

2,2'-((sulfonylbis(4,1-phenylene))bis(hydrazin-2-

yl-1-ylidene))bis(5,5-dimethylcyclohexane-1,3-

dione) (5) 

This compound was synthesized using the 4,4'-

sulfonyldianiline and dimedone compounds by the 

same procedure mentioned above for the synthesis 

of general procedure for the synthesis of the 

arylhydrazone derivatives.  

Yield: 79% m.p: 258-260°C, Color: Yellow; FT-IR 

(cm-1): 3039 (Ar-H), 2955-2930 (aliph. C-H), 1683 

and 1634 (2C=O), 1594 and 1580 (2N=N); 1H-

NMR CDCl3 (ppm): 15.13 (s, 2H, NH), 7.99 (d, 4H, 

J= 8.6 Hz, Ar-H), 7.66 (d, 4H, J= 8.6 Hz, Ar-H), 

2.66 (s, 4H, CH2), 2.16 (s, 4H, CH2), 1.16 (s, 12H, 

CH3) 

2,2'-((sulfonylbis(4,1-phenylene))bis(hydrazin-2-

yl-1-ylidene))bis(2,2-dimethyl-1,3-dioxane-4,6-

dione) (6) 

This compound was synthesized using the 4,4'-

sulfonyldianiline and 2,2-dimethyl-1,3-dioxane-

4,6-dione compounds by the same procedure 

mentioned above for the synthesis of general 

procedure for the synthesis of the arylhydrazone 

derivatives.  

Yield: 81% m.p: 293-295°C, Color: Brown; FT-IR 

(cm-1): 3102 (Ar-H), 2996-2939 (aliph. C-H), 1743 

and 1696 (2C=O), 1590 and 1516 (2N=N); 1H-

NMR CDCl3 (ppm): 13.56 (s, 2H, NH), 8.03 (d, 4H, 

J= 8.8 Hz, Ar-H), 7.66 (d, 4H, J= 8.8 Hz, Ar-H), 

1.84 (s, 12H, CH3). 

3. RESULTS (BULGULAR) 

3.1.  FT-IR and 1H-NMR Studies (FT-IR ve 1H-NMR 

çalışmaları) 

Three tautomeric forms that bis azo-dioxo (T1), bis 

hydrazo-dioxo (T2) and bis azo-enol-oxo (T3) were 

estimated for bis azo dyes regarding present FT-IR 

and 1H-NMR data. The structures of 1-6 are 

confirmed by the presence of corresponding signals 

of the FT-IR and 1H-NMR protons spectra. The 

estimated tautomeric forms are shown in Figure 3 

on the bis azo compound 1. 

 In the FT-IR spectrum of bis azo compounds 1-6, it 

was observed characteristic absorption bands; for 

aromatic proton peaks around 3027, 3055, 3100, 

3095, 3039 and 3102 cm-1 respectively, for aliphatic 

C-H peaks between 2996–2861 cm-1, for C=O peaks 

between 1743–1616 cm-1, and for N=N peaks 

between 1595–1496 cm-1. It is predicted regarding 

FT-IR analysis data that the synthesized bis azo 

dyes are bis azo-dioxo (T1) tautomeric form in solid 

[39].  

 

3.2.  UV-Vis Study 

 

The UV-Vis spectra of the bis azo dyes were 

recorded in 4 different solvents; chloroform, DMF, 

acetic acid, and methanol (Figure 4). Solvents in 

different polarities were preferred in our study. In 

addition, the acidic or basic medium impacts on the 

absorption spectra of bis azo dyes were investigated 

[38]. For this purpose, 2–3 mL of HCl (0.1 M) or 

KOH (0.1 M) solution was added to the bis azo-

methanol solution and scanned again. All 

measurements were recorded at room temperature 

(±25°C). The data obtained are listed in Table 1. 

 

 

Figure 3. Tautomeric forms of compound 1. (Bileşik 1’in tautomerik formları) 
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Figure 4. Absorption spectra of 5 in solution of different solvents (Farklı çözücülerin çözeltisinde 5'in absorpsiyon 

spektrumları) 

 

3.3.  LC MS/MS Study 

While the mass spectra were taken, the samples 

were dissolved in methanol and then filtered 

through the 0.45µm syringe filter. The structures of 

1-6 bis azo dyes were proposed considering these 

LC-MS/MS data and the molecular weight 

information. The molecular ion cluster was 

determined at m/z 462.03 for 1, 517.00 for 2, 525.10 

for 3, 494.89 for 4 (Figure.5), 550.22 for 5, 556.88 

for compound 6 respectively. 

 

 

Figure 5. LC MS/MS spectrum of compound 4 (Bileşik 4’ün LC MS/MS spektrumu) 

 

4. CONCLUSIONS (SONUÇLAR) 

In the 1H-NMR Spectrum, we can say that our 

compounds are in bishydrazo-dioxo form because 

NH protons come out in a very low field between 

15.56–13.70 ppm. In the literature, the reaction of 

cyclic-1,3-dicarbonyl compounds with the 

aryldiazonium compounds gave the arylhydrazo 
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derivatives and these compounds are in the 

arylhydrazo form via the intramolecular N-H–O=C- 

hydrogen bonding [36, 37]. Although bishydrazo-

dioxo form (T2) appears in solution, in the FT-IR 

spectra, the solvent-free medium, has not been 

observed either. These results are in agreement with 

the literature [40, 41]. 

Table 1. The maxima absorption points of bis azo dyes in different solvents (Bis azo boyalarının farklı 

solventlerdeki maksimum absorpsiyon noktaları) 

λmax (nm) 

 Chloroform DMF 
Acetic 

acid 
Methanol Methanol+HCl Methanol+KOH 

1 440 450 428 442 435 379, 460s 

2 392 404 386 389 385 397, 486s 

3 440 452 430 433 421 376, 455s 

4 388 409, 500s 381 385 379 398, 450s 

5 416 428 406 411 405 367, 419s 

6 390 401 382 392 386 403, 634s 

                   s: shoulder 

 

Solvent polarity is one of the factors that cause 

changes in absorption values in UV-Vis spectra. A 

hypsochromic shift up to 6–10 nm was observed in 

acetic acid and a bathochromic shift (≥10 nm) in 

DMF compared to chloroform in all synthesized 

diazo dyes, besides no clear change in methanol. It 

has been observed generally that bis azo dyes 

containing the sulfonyl group have a more low 

wavelength as against the sulfo group in all 

solutions. According to the absorption data, it can 

be said that a single maximum absorption peak was 

observed in all solvents. This situation suggested 

that the bis azo dye solutions consisted of a single 

tautomeric form. According to our explanation 

based on the NMR data before, the compounds are 

thought to be mostly in the bis hydrazo-dioxo (T2) 

tautomeric form in the solution medium. Also, a 

shoulder peak at 500 nm is observed in the spectrum 

of compound 4 recorded in DMF. This situation 

suggests a mixture of the two tautomeric forms in 

DMF. 

The acidic or basic medium impacts on the 

absorption spectra of dye solutions were 

investigated by adding HCl or KOH to the methanol 

solution. For all dye solutions, it has been observed 

hypsochromic shift (in values ranging from 4 to 8 

nm) in absorption values in an acidic medium. Only 

a single absorption peak is observed in the acidic 

media spectra, suggesting that it is in a single 

tautomeric form. In basic medium, a bathochromic 

shift can be mentioned for all compounds, but long 

wavelength shouldering (>400 nm) was also 

observed in all recorded spectra. This situation 

shows that two different tautomeric forms coexist in 

the basic environment of dye solutions. 
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