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Abstract 

An environmentally friendly and safe method has been developed for synthesizing Azoarene and 

Azoxyarene derivatives from readily available nitrobenzene. This process utilizes a deep eutectic 

solvent (DES) composed of choline chloride (ChCl) and zinc chloride (ZnCl 2), which functions as both 

the catalyst and reaction medium. The methodology is leveraging the dual role of the ChCl/ZnCl 2 DES. 

Using this approach, various Azo and Azoxy compounds have been successfully synthesized starting 

from nitrobenzene derivatives. The reaction proceeded efficiently under mild conditions (3 h at 60 °C). 

Notably, the system exhibited strong selectivity toward Azoxy products, which were obtained in high 

yields of 73-78%. In contrast, Azo derivatives were formed only in moderate yield (42%), highlighting 

the selective nature of the ChCl/ZnCl2 DES catalytic medium. This method not only simplifies the 

synthesis but also aligns with the principles of green chemistry, offering an efficient and sustainable 

approach to producing Azoarene and Azoxyarene derivatives. 
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1. INTRODUCTION 
Azo and Azoxy compounds are notable organic 

molecules in the dye and pigment industries 

due to their ability to produce bright, vibrant 

colors [1]. These compounds exhibit intense 

chromatic properties and can be tailored for 

various applications, such as textiles and inks 

[2]. Additionally, they have garnered 

significant attention from researchers in 

organic synthesis and pharmaceuticals due to 

their versatile reactivity [3], often serving as 

key intermediates in a range of chemical 

reactions [4]. Azo and Azoxy compounds are 

also frequently studied for their heat resistance 

[5] and their potential to act as ligands in 

coordination chemistry [6]. Given these 

attributes, extensive research has focused on 

their properties, applications, and potential 

advancements [7,8]. Since the synthesis of 

these compounds is crucial, several methods 

have been developed, including traditional 

oxidation and reduction techniques, the use of 

heavy metals, and electrochemical processes. 

In oxidation and reduction processes, azo and 

azoxy compounds can be synthesized either by 

oxidizing amines or reducing nitro compounds 

[9-14]. For example, Singh et al. demonstrated 

that H2O2, when combined with gallium oxide 

nanorods and aluminum oxide as 

heterogeneous catalysts, serves as a powerful 

oxidizing agent for transforming aromatic 

amines into azoxy compounds [15]. Similarly, 

Yu et al. employed an I2/DABCO system to 

mediate the oxidative coupling of 

nitrosobenzenes with aromatic amines, 

resulting in the formation of unsymmetrical 

aromatic azoxy compounds [16]. In another 

study, Rezaeifard et al. utilized Bu4NHSO₅  in 

CH3CN as a selective approach for synthesizing 

symmetrical Azoarenes [17]. Waghmode et al. 
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used tertiary butyl hydroperoxide with ETS-10 

as a catalyst to oxidize aryl amines into 

azoxybenzenes [18]. 

Some researchers have also focused on 

reduction methods. For instance, Liu et al. 

reported that aromatic nitro compounds can be 

efficiently transformed into their 

corresponding azo and azoxy compounds using 

2-propanol as a reducing agent, with Au/meso-

Ce2 serving as an effective catalyst [19]. 

Additionally, Belattar et al. developed a 

catalytic method for the reduction of 

nitroarenes using NaBH4 and diphenyl 

diselenide as a catalyst, achieving Azoxyarenes 

and Azoarenes under mild conditions [20]. In 

this reaction, diphenyl diselenide is first 

transformed into sodium phenylselenolate, 

which acts as an electron-transfer agent, 

facilitating the reduction of various 

nitroarenes. Similarly, Di Gioia et al. used 

LiAlH4 and TiO2 to reduce nitrobenzene 

derivatives for this purpose [21]. 

Although traditional oxidants and reductants 

offer high yields, they often require toxic 

solvents [22], as well as expensive and complex 

catalysts that are difficult to separate from the 

reaction medium after completion [23]. These 

factors contribute to environmental pollution 

and increase greenhouse gas emissions [24,25]. 

Additionally, their safety and environmental 

impact are major concerns [26-31]. 

As previously mentioned, many researchers 

have explored the use of heavy metals [32-35] 

and electrochemical synthesis [36,37]. 

However, heavy metals pose significant 

drawbacks, including health risks to humans 

even at low concentrations [38]. Although 

electrochemical synthesis is considered a green 

method, it requires complex and expensive 

equipment [39], customized cells [40], and 

costly membranes [41]. 

In line with the principles of green chemistry, 

the adoption of biodegradable and non-toxic 

solvents is crucial for mitigating environmental 

pollution [42-44]. Deep eutectic solvents 

(DESs) have gained recognition in recent 

decades as potential alternatives to traditional 

organic solvents due to their non-flammability 

[45], low vapor pressure [46], thermal stability 

[47], and ability to function as both solvents 

and catalysts [48-51]. DESs share many 

properties with ionic liquids, and both are 

considered green solvents [52-54]. A key 

advantage of DESs lies in their excellent 

recyclability and ease of separation from the 

reaction mixture, allowing them to be 

recovered and reused without complex 

purification steps. While previous methods 

have employed easily separable heterogeneous 

catalysts, DESs offer an alternative that 

combines green solvent properties with 

catalytic activity in a sustainable manner. This 

makes DESs highly efficient and practical for 

sustainable and green chemistry applications 

[55]. Consequently, researchers have 

emphasized the benefits of DESs in their 

studies [56-58].As a result, we developed a 

conceptual approach in which deep eutectic 

solvents (DESs) can serve dual roles as both 

green solvents and catalysts, offering a 

sustainable alternative to traditional methods. 

Azo compounds are primarily applied in textile 

dyes and pigments due to their bright colors and 

colorfastness, whereas azoxy compounds are 

especially valuable in pharmaceuticals and as 

intermediates in organic synthesis because of 

their unique reactivity. Furthermore, it should 

be noted that the properties of DESs, such as 

biodegradability, toxicity, and recyclability, 

strongly depend on the choice of their hydrogen 

bond donors and acceptors. While previous 

methods have employed easily separable 

heterogeneous catalysts, DESs offer an 

environmentally friendly strategy that 

combines solvent and catalytic functions in a 

sustainable manner. Therefore, the aim of the 

present study is to develop a green, efficient, 

and high-yielding method for the synthesis of 

azo and azoxy compounds using DESs, 

highlighting their potential for sustainable 

organic synthesis.   

 

2. EXPERIMENTAL  
2.1. Materials and methods 

All compounds used in this research including 

choline chloride (ChCl), zinc chloride (ZnCl2), 

Iron(III) chloride hexahydrate (FeCl3·6H2O), 

tin(II) chloride dihydrate (SnCl2·2H2O), nickel(II) 

chloride hexahydrate (NiCl2.6H2O), copper(II) 

chloride dihydrate (CuCl2·2H2O), acetic acid 

(AcOH), p-toluenesulfonic acid (pTSA), urea, 

ethylene glycol, sodium hydroxide (NaOH), n-

hexane, ethyl acetate, and silica gel were 

commercially available and supplied by Hakim-

Gostar Chemical Co. (Tehran, Iran), with products 

sourced from Sigma-Aldrich (St. Louis, MO, 

USA) and Merck (Darmstadt, Germany).  

 

2.2. Instruments 

A Buchi 535 melting point apparatus was 

used for the melting point measurements. 
1HNMR (400 MHz, CDCl3) spectra were 

recorded on an Avance III 400 MHz 

spectrometer (Bruker, Germany), using 

tetramethylsilane (TMS) as the internal 

standard to reference chemical shifts. 
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2.3. Preparation of deep eutectic solvents 

The DES mixtures were prepared by combining 

choline chloride (ChCl) with various 

components, including FeCl3·6H2O, 

SnCl2·2H2O, NiCl2·6H2O, CuCl2·2H2O, 

ZnCl2·2H2O, urea, ethylene glycol, p-

toluenesulfonic acid (pTSA), and acetic acid 

(AcOH), following methods established in the 

literature [59,60]. The key DESs were prepared 

by combining choline chloride (ChCl) with 

various hydrogen bond donors (HBDs) in 

defined molar ratios, following established 

procedures [59,60]. The components were 

stirred and heated at 60 °C for 0.5 h until a 

homogeneous liquid was obtained. The exact 

compositions and molar ratios for each DES are 

summarized in Table 1. 

 

2.4. Product monitoring and characterization 

The progress of all reactions was carefully 

monitored using thin layer chromatography 

(TLC). A solvent mixture of n-hexane and ethyl 

acetate in a 3:1 ratio was employed to achieve 

optimal separation of the reactants and 

products. All synthesized products 

corresponded to previously reported 

compounds, and their identities were confirmed 

by comparing their melting points with 

literature values. This approach ensured the 

reliability and reproducibility of the synthetic 

procedures while providing a straightforward 

method for verifying product formation. 

 

2.5. Procedure for synthesizing Azo and Azoxy 

derivatives 

A mixture of ChCl:ZnCl2 (0.05 mmol, 

corresponding to 15 mg), 4-chloro nitrobenzene (1 

mmol), and NaOH (1.2 mmol) was placed in a 25 

mL flask and stirred at 60 °C for 3 h (Fig. 1). The 

progress of the reaction was monitored by TLC, 

using a 3:1 n-hexane and ethyl acetate mixture as 

the eluent. After completion of the reaction, the 

mixture was cooled, and 50 mL of water and 50 

mL of ethyl acetate were added to the flask. The 

ChCl dissolved in the aqueous phase, while the 

remaining components partitioned into the organic 

phase. The two phases were then separated, and the 

organic phase was dried over MgSO4. The product 

was purified from the concentrated organic layer 

by silica gel chromatography on a glass plate, using 

a 10:1 n-hexane to ethyl acetate mixture as the 

mobile phase. The identity of the known products 

was confirmed through melting point 

determination and spectral analysis, including 
1HNMR. Full characterization data are provided, 

and the original spectra can be found in the Figs. 

2-5. The FTIR spectra of the four synthesized azo-

oxide derivatives were recorded and analyzed to 

confirm their structural features (Fig. 6). All 

spectra exhibit characteristic aromatic C–H 

stretching vibrations in the region of 3020–3050 

cm-1, indicating the presence of aromatic rings in 

each compound. Strong and distinctive carbonyl 

stretching bands appear for the bis(4-

carboxyphenyl)diazene oxide derivative at 1710 

and 1680 cm-1, consistent with the presence of 

carboxylic acid functionalities. The azo N=N and 

N→O functionalities contribute to the bands 

observed in the 1600–1610 cm-1 region across all 

derivatives. Additional signals in the fingerprint 

region, including C–O, C–X (X = Br, Cl), and 

para-substituted aromatic C–H out-of-plane 

bending vibrations, further support the successful 

introduction of the corresponding substituents in 

each molecule. Notably, the bis(4-bromophenyl) 

and bis(4-chlorophenyl) derivatives display strong 

halogen-associated bands around 830–840 and 

760–780 cm-1, whereas the di-p-tolyl derivative 

exhibits characteristic methyl C–H bending at 

1365 cm-1. Overall, the FTIR analysis corroborates 

the successful synthesis of all four derivatives, 

confirming the presence of their key functional 

groups and providing evidence consistent with the 

structural assignments deduced from NMR data. 

 

3. RESULTS AND DISCUSSION 

Different deep eutectic solvents were tested for the 

synthesis of (Z)-1,2-bis(4-chlorophenyl)diazene 

oxide to optimize reaction conditions. 4-

Chloronitrobenzene was selected as the model 

reactant, and the reaction was conducted on a gram 

scale to determine the optimal DES type, DES 

mixture, reaction temperature, and reaction time. 

As shown in Table 2, reaction 1 demonstrates that 

no product was formed in the absence of a catalyst. 

Therefore, various DESs were evaluated as 

reaction media (reactions 2-10) to identify the most 

effective solvent. The results indicate that 

ChCl/ZnCl2 (entry 5) produced the highest yield. 

In addition, the reaction was tested in the presence 

of several non-metallic, neutral, or basic DESs, 

such as ChCl/EG, ChCl/pTSA, ChCl/Urea, and 

ChCl/AcOH (reactions 7-10), but these yielded 

significantly lower product amounts. 

To investigate the role of ChCl, a strong acid and a 

quaternary ammonium salt were tested: 

pTSA/ZnCl2 and TBAB/ZnCl2 (reactions 11-12). 

Additionally, the reaction was conducted in H₂ O, 

a traditional green solvent, for comparison 

(reaction 13), but no significant yield was 

obtained. Next, each component of the most 

effective DES (ChCl/ZnCl2) was tested 

individually to determine their contributions to the 

reaction. Using ChCl alone yielded no product 

(reaction 14), while ZnCl2 alone resulted in a 35% 

yield (reactions 15). These findings highlight the 
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necessity of both components to achieve optimal 

reaction conditions.

Table 1. Composition, molar ratios, and masses of key DESs. 

DES 

No. 

HBS 

(ChCl) 
HBD 

Molar Ratio 

(ChCl:HBD) 

Mass of 

ChCl (g) 

Mass of HBD 

(g) 

1 ChCl ZnCl2.2H2O 1:2 0.28 0.69 

2 ChCl FeCl3.6H2O 1:1 0.28 0.20 

3 ChCl SnCl2.2H2O 1:1 0.28 0.22 

4 ChCl NiCl2.6H2O 1:1 0.28 0.33 

5 ChCl CuCl2.2H2O 1:1 0.28 0.28 

6 ChCl Urea 1:2 0.28 0.17 

7 ChCl Ethylene glycol 1:2 0.28 0.17 

8 ChCl 
p-Toluenesulfonic acid 

(pTSA) 
1:1 0.28 0.38 

9 ChCl Acetic acid (AcOH) 1:1 0.28 0.16 

 

 
Fig. 1. Schematic representation of the synthesis of Azo and Azoxy derivatives. 
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Fig. 2. The 1HNMR of (Z)-1,2-bis(4-bromophenyl)diazene oxide, (C12H8Br2N2O). Yield: 78%; 1HNMR 

(400 MHz, CDCl3) δ: 8.21 (d, J = 9.1 Hz, 2H), 8.11 (d, J = 9.0 Hz, 2H), 7.67 (d, J = 9.2 Hz, 2H), 7.63 (d, J = 

9.1 Hz, 2H), m.p.: 163°C, Shimmering yellow flakes. 

 

 
Fig. 3. The 1HNMR of (Z)-1,2-bis(4-chlorophenyl)diazene oxide (C12H8Cl2N2O). Yield: 75%; 1HNMR (400 

MHz, CDCl3) δ: 8.28 (d, J = 9.1 Hz, 2H), 8.19 (d, J = 9.0 Hz, 2H), 7.51 (d, J = 9.1 Hz, 2H), 7.47 (d, J = 9.0 

Hz, 2H). m.p: 147 °C, pale yellow solid. 

  
Fig. 4. The 1HNMR of (Z)-1,2-bis(4-carboxyphenyl)diazene oxide (C14H10N2O5). Yield: 73%; 1HNMR 

(400 MHz, CDCl3), δ (ppm), J (Hz): 8.11-8.19 (m, 6H), 8.37 (d, 2H, H2, J = 8.4 Hz), 13.33 (s, 2H, CO2H), 

m.p.: > 300.0 °C, dark yellow flakes. 
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Fig. 5. The 1HNMR of (Z)-1,2-di-p-tolyldiazene oxide (C14H14N2). Yield: 42%, 1HNMR (400 MHz, CDCl3) 

δ: 7.79 (d, J = 7.87 Hz, 4H), 7.4 (d, J = 7.84 Hz, 4H), 2.41 (s, 6H), m.p.: 146 °C; yellow solid. 

 

 
Fig. 6. FTIR of (a) (Z)-1,2-bis(4-bromophenyl)diazene oxide, (b) (Z)-1,2-bis(4-chlorophenyl)diazene oxide, 

(c) (Z)-1,2-bis(4-carboxyphenyl)diazene oxide, (d) (Z)-1,2-di-p-tolyldiazene oxide. 

 

In the next phase of optimization, reaction 

temperatures were varied at 40 °C, 80 °C, and 100 

°C (reactions 16-18), compared to the initial 60 °C 

used in reaction 5. Increasing the temperature to 80 

°C or 100 °C resulted in a slight decrease in yield, 

while reducing the temperature to 40 °C 

significantly lowered both the reaction rate and 

product yield. Thus, 60 °C was confirmed as the 

optimal temperature. Subsequently, the reaction 

time was optimized (reactions 19-22). 

Initially, the time was extended to 15 h (reaction 

19) under the same conditions as reaction 5, but 

this did not improve the yield. Consequently, 3 h 

was determined to be the optimal duration for this 

reaction, as confirmed by TLC monitoring, which 

showed no considerable further progress beyond 

this period. 

Finally, the effect of DES concentration was 

examined by testing 2.5, 7.5, and 10 mol% catalyst 

(reactions 23-25). Increasing the catalyst 

concentration from 2.5 to 5 mol% improved the 

reaction efficiency. However, increasing the 

concentration to 7.5 or 10 mol% did not 

significantly affect the yield. Therefore, 5 mol% 

catalyst (reaction 5) was deemed sufficient for this 

reaction. 
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Table 2. The outcomes of optimal condition of the reaction. 

Reaction (entry) medium mol/(%) (g) Temp./(oC) Duration/ (h) Yield/(%) 

1 - - 60 10 NR 

2 ChCl/ (CuCl2)2  5 (0.028) 60 10 60 

3 ChCl/(FeCl3)2 5 (0.024) 60 10 71 

4 ChCl/(SnCl2)2 5 (0.025) 60 10 30 

5 ChCl/(ZnCl2)2  5 (0.049) 60 10 79 

6 ChCl/(NiCl2)2 5 (0.031) 60 10 57 

7 ChCl/(EG)2 5 (0.023) 60 10 Fade 

8 ChCl/(pTSA)2 5 (0.033) 60 10 36 

9 ChCl/(Urea)2 5 (0.023) 60 10 Fade 

10 ChCl/(AcOH)2 5 (0.022) 60 10 41 

11 pTSA/ZnCl2 5 (0.054) 60 10 38 

12 TBAB/ZnCl2 5 (0.062) 60 10 34 

13 H2O - 60 10 40 

14 ChCl 5 (0.014) 60 10 NR 

15 ZnCl2 5 (0.035) 60 10 35 

16 ChCl/(ZnCl2)2 5 (0.049) 40 10 29 

17 ChCl/(ZnCl2)2 5 (0.049) 80 10 72 

18 ChCl/(ZnCl2)2 5 (0.049) 100 10 67 

19 ChCl/(ZnCl2)2 5 (0.049) 60 15 80 

20 ChCl/(ZnCl2)2 5 (0.049) 60 5 77 

21 ChCl/(ZnCl2)2 5 (0.049) 60 3 75  

22 ChCl/(ZnCl2)2 5 (0.049) 60 1 32 

23 ChCl/(ZnCl2)2 2.5 (0.024) 60 3 42 

24 ChCl/(ZnCl2)2 7.5 (0.073) 60 3 77 

25 ChCl/(ZnCl2)2 10 (0.097) 60 3 78 

Based on the optimization results, the best reaction 

conditions were obtained using ChCl/ZnCl₂  as the 

reaction medium. The catalytic effect of Zn2+ 

played a crucial role in promoting the formation of 

azoxy linkages, outperforming other metal 

chlorides such as FeCl3 and CuCl2. A 

concentration of 5 mol% ZnCl2 was found to be 

optimal, as increasing the concentration to 7.5 % 

or 10 % did not significantly enhance the yield. 

The optimal temperature was determined to be 

60°C, as higher temperatures (80 °C and 100 °C) 

led to lower yields, possibly due to side reactions 

or decomposition. The reaction time of 3 h was 

optimal, yielding 75 %, with no significant 

improvement for longer durations. Notably, in the 

absence of a catalyst, the reaction did not proceed, 

and alternative catalysts such as pTSA/ZnCl2 and 

TBAB/ZnCl2 resulted in lower yields, further 

highlighting the critical role of ZnCl2 in this 

system. 

A plausible mechanistic hypothesis for the 

catalytic role of the ChCl/ZnCl2 DES involves the 

activation of the nitro or amine groups by Zn2+ 

coordination, which increases their electrophilicity 

and facilitates the formation of azoxy linkages 

(Fig. 7). Meanwhile, the choline chloride 

component may stabilize reaction intermediates 

through hydrogen bonding networks, promoting 

the selective formation of the desired products. 

This synergistic interaction between Zn2+ and 

ChCl provides an efficient catalytic environment, 

explaining the superior yields observed with this 

DES compared to other tested solvents or DES 

mixtures. Control experiments were systematically 

performed using each individual component of the 

DES, alternative DES mixtures, and conventional 

green solvents. These experiments confirmed that 

both choline chloride and ZnCl2 are essential for 

efficient formation of azoxy linkages, while 

reactions with only one component or with other 

DESs resulted in significantly lower yields. 

Moreover, the control studies highlighted the 

limitations of alternative catalysts and solvents, 

demonstrating that many conventional or neutral 

DESs fail to promote the reaction effectively, 

thereby underscoring the unique synergistic effect 

of the chosen DES system. After optimizing the 

reaction conditions, a literature review identified 

three studies that employed a similar approach for 

the synthesis of azoxy compounds [61-63]. To 

highlight the effectiveness of the current green 

method, a comparison with these previous studies 

is presented in Table 3. In these studies, the starting 

materials included 1-bromo-4-nitrobenzene, 1-

chloro-4-nitrobenzene, 4-nitrobenzoic acid, and 1-

methyl-4-nitrobenzene. In our substrate scope 

study, the synthesized azoarene derivatives were 

obtained in yields of 73-78%, while the azoxy 

derivative was achieved in 42%. These yields 

represent the results obtained in the present work.  
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Fig. 7. Proposed mechanistic hypothesis for the catalytic function of ChCl/ZnCl2 DES in the synthesis of Azo 

and Azoxy derivatives. 

 

Among the various methods for synthesizing 

Azoxyarenes from nitrobenzene derivatives, the 

present method offers several distinct advantages. 

Notably, it reduces the reaction time to just 3 h, 

compared to 1, 2–6, and 5 h reported in previous 

studies. Furthermore, this method employs a deep 

eutectic solvent (DES) as both the reaction 

medium and catalyst providing a green and and 

recyclable alternative to conventional solvents, a 

key advantage over previous methods, which 

contributes to improved safety by minimizing the 

risks associated with flammability, toxicity, and 

environmental impact. The DES acts as a 

recyclable reaction medium and catalyst. Its low 

vapor pressure and ease of recovery offer practical 

advantages over conventional solvents. 

 

  

Table 3. Comparison of ChCl/ZnCl2 with previous studies on the synthesis of azo, and azoxy compounds. 
 

Catalyst Conditions 
Duration/ 

(h) 
Amount 

Yield/ 

(%) 
Ref. 

PEG 400 Reflux, Benzene 1 8 mmol 80 [61] 

BaTi1-xFexO3  

(X=0 to 0.3) 
Reflux, Isopropanol 2-6 

BaTi (0.975 mg) Fe (0.025 

mg), O3 
93 [62] 

Au/P25 
Argon gas, visible light, 

40 oC, Isopropanol 
5 100 mg 76 [63] 

ChCl:ZnCl2 60 oC 3 5 mol% 73-78 
Current 

work  

4. CONCLUSIONS 

In summary, one azo and three azoxy derivatives 

were synthesized using a deep eutectic solvent 

(DES), which functioned as both the reaction 

medium and the catalytic component of the system. 

The ChCl/ZnCl2 DES enabled the transformation 

of readily available nitrobenzene derivatives while 

reducing the need for conventional volatile organic 

solvents and additional catalytic reagents. The 

method benefits from the use of an inexpensive and 

easily accessible DES mixture, along with 

operationally simple reaction conditions. Although 

chromatographic purification was applied as part 

of the work-up—consistent with standard 

practice—the use of DES facilitated product 

isolation by allowing straightforward phase 

separation prior to purification. The protocol 

afforded consistently high yields, particularly for 

the azoxy derivatives, demonstrating the efficiency 

of this DES-based system for these 

transformations. Overall, this study provides a 

practical and resource-efficient approach for the 

synthesis of azo and azoxy compounds, supported 

by clear experimental outcomes and high product 

yields. 
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 چکیده

توسعه یافته است. در طور گسترده های در دسترس بهآرن از نیتروبنزنزیست و ایمن برای سنتز مشتقات آزوآرن و آزوکسیسازگار با محیطروش  کی

عنوان استفاده شده است که هم به (2ZnClو روی کلراید )  (ChClمتشکل از کولین کلرید ) (DESاین فرآیند از یک حلال یوتکتیک عمیق )

آمیز ترکیبات یت، امکان سنتز موفق2DES ChCl/ZnClگیری از نقش دوگانه  کند. این روش با بهرهعنوان محیط واکنش عمل میکاتالیزور و هم به

طور کارآمد پیش رفت. گراد( بهدرجه سانتی ۶۰ساعت در  ۳آورد. واکنش تحت شرایط ملایم )مختلف آزو و آزوکس را از مشتقات نیتروبنزن فراهم می

 دستبه ٪۷۸-۷۳ده بالای طوری که این ترکیبات با بازپذیری بالایی نسبت به محصولات آزوکس نشان داد، بهشایان ذکر است که این سیستم انتخاب

 2DES ChCl/ZnClدهنده ماهیت انتخابی محیط کاتالیزوری یل شدند که نشانتشک( ۴۲٪) متوسط بازده با تنها آزو مشتقات مقابل، در. آمدند

کند، بلکه با اصول شیمی سبز نیز همسو است و رویکردی کارآمد و پایدار برای تولید مشتقات آزوآرن و است. این روش نه تنها سنتز را ساده می

 دهد.آرن ارائه میآزوکس
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