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Abstract 

A highly efficient and recyclable photocatalyst Cu/Pd-N-TiO2 was developed and used successfully for a one-

pot synthesis of twenty 2-substituted and 2,3-disubstituted quinoxaline derivatives by the reaction of various 

alpha-hydroxyketones with ortho-phenylenediamines. The composition and crystal phase of the catalyst were 

determined by p-XRD studies, and its morphological and surface characteristics were ascertained by SEM and 

HRTEM studies. All the synthesized compounds were appropriately identified by spectroscopic studies ( IR, 1H 

and 13C NMR, MS)  
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Introduction 

 

Heterogeneous catalysts are widely used in industrial chemical processes due to their ability to increase 
reaction rates and product yields, their ease of separation from the reaction mixture, and their potential 
recyclability.1 Among the heterogeneous catalysts, titanium dioxide (TiO2) is a widely studied and used metal 
oxide semiconductor. Its widespread application is the result of the photo-generated holes and electrons, 
which have attracted significant research within photocatalysis. However, TiO2 possesses a major drawback of 
being unable to utilize the visible light region of the electromagnetic spectrum for photocatalytic processes. To 
overcome this, doping with metals and organic compounds such as carbon and nitrogen, and visible light-
responsive metals, for example, Au and Pd has been described.2 This can also reduce the potential for 
recombination of electron-hole pairs.3  

In recent years, TiO2 nanoparticles have been applied as heterogeneous photocatalysts in light-driven 

pollutant degradation studies,4-7 however, this has attracted a growing interest towards light-driven catalytic 
organic synthesis.8-10 The use of photocatalysis as an alternative to conventional synthetic pathways has 
proven to be a cost-effective and eco-friendly alternative. Heidari and co-workers prepared chlorophyll b- 
modified TiO2 for the synthesis of tetrahydroquinoline derivatives under visible light. They obtained them in 
good yields, and the system was reusable six times with only a 13% decrease in activity.11 It is of significance to 
seek and develop new strategies for selective and stable photocatalysts. This could be addressed by exploring 
and developing advanced methodologies capable of tailoring the electronic and chemical structures of 
photocatalysts. Recently, TiO2 and metal-loaded/TiO2 photocatalysts have been reported to carry out organic 
coupling reactions such as C-C bond formation and C-N bond formation for the synthesis of bioactive 
compounds.12 Wu and co-workers developed a method utilizing light and recyclable TiO2 photocatalysts for 
phenol and alkenylphenol oxidative coupling reactions.13  

Among the various classes of heterocyclic compounds, such as quinolines, imidazoles and thiazoles, the 
quinoxalines form an important component of pharmacologically active compounds.14-16 They are associated 
with a range of biological activities such as anticancer,17 antifungal,18 antimicrobial19 among others.20-22 They 
are obtained through diverse methods of synthesis and a range of starting materials, but the most common 
one is the condensation of 1,2-diketones and 1,2-diamines.23 

Taylor et al.24 developed a unique approach of performing a quinoxaline synthesis, whereby the 
reactants were introduced all together, in one go, known as the “tandem oxidation procedure” of α-hydroxy 
ketones into quinoxalines via in-situ trapping with aromatic 1,2-diamines, and found that the palladium 
system carried out the transformations efficiently. Cho et al.25 used CuCl2/molecular sieve 4Å system for the 
synthesis of quinoxalines in high yields from α-hydroxyketones and o-phenylenediamines.  

From previous work published within this group Cu/Pd-N-TiO2 was employed to mediate aerobic 
alcohol oxidation reactions to carbonyl compounds, achieving near-quantitative conversions and high 
selectivity.26 In this present research, the scope was extended by applying the Cu/Pd-N-TiO2 catalyst in tandem 
oxidation reactions for the synthesis of quinoxaline derivatives. The α-hydroxy ketones underwent oxidation 
to 1,2-diketones and then coupled with aromatic 1,2 diamines to produce quinoxalines through a one-pot 
synthesis utilizing air as a clean source. 
 
 

Results and Discussion 
 
Characterization of the catalyst Cu/Pd-N-TiO2 

The composition and crystal phase of Cu/Pd-N-TiO2 was analyzed through powder X-ray Diffraction 
measurement (p-XRD). The p-XRD spectrum is reported in Figure 1. The diffraction peaks are consistent with 
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the anatase phase of TiO2 (PDF card-211272),27 which appeared at 25.26°, 37.89°, 47.93°, 54.42°, 62.66°, 
68.77°, 70.14°, 75.06°, 80.75°, and 82.68°, and whose corresponding crystal planes are (101), (004), (200), 

(105), (204), (116), (220), (215), (008) and (224). There are no diffraction peaks representing Cu/CuO and 
Pd/PdO presence in the diffractogram because the amount of copper and palladium used was below the 
detection limit of p-XRD. These results are consistent with previously reported results in literature.28 This also 
suggests that the incorporated N, Pd, and Cu into the lattice did not change the dimensions of the unit cell or 
the crystallinity.29 No diffraction peaks indicate the presence of a rutile phase. The crystallite size of 7.74 nm 
was calculated using the Scherrer equation (Equation 1).  

    (1) 
 

Where Dp = crystallite size, k = constant 0.89, λ = X-ray wavelength (nm), θ = angle of diffraction, and β 
= half width of the different peak (FWHM) of the 101 reflections of anatase. 

 
Figure 1. Powder-XRD of Cu/Pd-N-TiO2 nanoparticles indexed to the PDF card-211272 of anatase, no Cu or Pd 
peaks evident. 
 

The morphological and surface characteristics of the synthesized Cu/Pd-N-TiO2 catalyst were studied 
using scanning electron microscopy (SEM) and high-resolution transmission electron microscopy (HRTEM). The 
SEM micrograph of Cu/Pd-N-TiO2 nanoparticles has been noted in Figure 2(a), where aggregated irregular-
shaped flakes can be observed. The transmission electron microscopy (TEM) micrograph of the nanoparticles 

in Figure 2(b) shows that the large cubic particles are agglomerated as observed by the red-circled region, and 
the smaller sphere-like particles are evenly distributed as observed by the green-circled region. HRTEM was 
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used to find the lattice fringes (Figure 2(c)), and the interplanar spacings of 0.355 nm, 0.358 nm, and 0.361 nm 
for (101) facet of anatase TiO2 were observed, which is consistent with p-XRD results. The energy-dispersive X-

ray spectroscopy (EDS) was used to confirm the elemental composition of the prepared catalyst, and the 
peaks for titanium, oxygen, nitrogen, copper, and palladium were observed (Figure 3). Copper and palladium 
had the lowest weight percentages compared with titanium, which further supports why their diffraction 
peaks were not observed on the p-XRD diffractogram. The EDS analysis was re-run without the contribution of 
titanium on the weight percentage due to an overlap with the nitrogen peak, which can be observed in figure 
3(b). 

 

 

 
 

Figure 2. (a) Scanning electron micrograph of Cu/Pd-N-TiO2. (b) Transmission electron micrograph of Cu/Pd-N-

TiO2. (c) HRTEM micrograph of Cu/Pd-N-TiO2. 
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Figure 3. (a) Energy-dispersive X-ray spectroscopy analysis of Cu/Pd-N-TiO2; insert: weight percentage 

contribution including titanium Kα, (b) Energy-dispersive X-ray spectroscopy analysis of Cu/Pd-N-TiO2 insert: 

weight percentage contribution excluding the titanium Kα. 
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The N2 physisorption experiment of Cu/Pd-N-TiO2 is displayed in Figure 4. The surface area was found 

to be 119.851 m2/g, and the average pore size was 4.866 nm, which is within the range of 2-50 nm of 

mesoporous materials, suggesting that the synthesized NPs are mesoporous materials. The large surface area 

of mesoporous compounds provides more active sites for adsorption and for organic reactions to take place. 

The catalyst’s support plays an important role in the activity and selectivity of the catalyst. The isotherm 

corresponds well with type IV with hysteresis loops in the relative pressure range of 0.35-0.98. This type of 

adsorption isotherm suggests that the catalyst has a finite number of adsorbed molecules per site.30 Zedan et 

al. in their study found that upon incorporation of Pd and Cu on TiO2, there was a decrease in the surface area 

which led to an enhanced activity towards CO oxidation reaction.28 

 

 
 

Figure 4. N2 adsorption-desorption isotherm of Cu/Pd-N-TiO2. 

 

To evaluate the photocatalytic activity of the catalyst, the optical property of Cu/Pd N TiO2 was 

investigated by UV-Vis diffuse reflectance spectra (UV-DRS). Figure 5 displays the UV-DRS spectrum and band 

gap energy calculated using Tauc’s relation (Equation 2). The Tauc plot was used to estimate the band gap of 

titanium dioxide nanoseeds and Cu/Pd-N-TiO2 nanoparticles.  

 

          (2) 

  

Where α, Eg, h, ν, n, and A are absorption coefficients, band gap (eV), Planck’s constant (6.6260 x 10-34 

J.s), frequency of light, number characterizing transition (TiO2 = ½) and a constant, respectively.  

The optical absorption edge for TiO2 nanoseeds and Cu/Pd-N-TiO2 nanoparticles is located at 400 nm 

and 454 nm, respectively. The comparison of the two absorption edges reveals that Cu/Pd-N-TiO2 is red-
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shifted toward longer wavelengths compared with TiO2 and the energy required for transition is reduced. This 

is due to the incorporated nitrogen, copper, and palladium which offers the reduction of the recombination 

rate between photoexcited electron and hole. Tauc’s relation was used to calculate the energy band gap. A 

decrease in the band gap energy from 3.00 eV to 2.50 eV after modification with copper, palladium, and 

nitrogen, suggests that doping with copper, nitrogen, and palladium introduced new electronic levels, 

therefore, easier transitions from the valence band to the conduction band, resulting in higher photocatalytic 

efficiency.31These results are consistent with literature for Pd/Cu-TiO2,32 and N-TiO2.33 

 

 
 

Figure 5. (a) UV-Vis diffuse reflectance spectra (UV-DRS), (b) Tauc plot of Cu/Pd-N-TiO2. The spectra 

demonstrate the redshift after functionalization of TiO2 with copper, palladium and nitrogen. 

 

Synthesis of quinoxaline derivatives 

The prepared Cu/Pd-N-TiO2 was then used as the photocatalyst for the preparation of quinoxaline derivatives. 

The results of several oxidative cyclizations of 2-hydroxyacetophenone with o-phenylenediamine under 

various conditions are listed in Table 1. Tetrahydrofuran (THF) was the most suitable solvent at room 

temperature (1-3), with a 67% conversion within one hour. At 60 °C, the most suitable solvent for this 

reaction, with a conversion percentage of ≥ 99% under 6 h for 2-phenylquinoxaline (6) was THF. This may be 

attributed to the UV cutoff wavelength of THF (~212 nm) being lower than the lamp's emission wavelength, 

along with its high oxidation potential and polar aprotic nature.34, 35 These properties, along with elevated 

temperatures, enhance catalyst activation and strengthen substrate interactions. 

The reaction at room temperature for six hours without light irradiation (7) did not convert the starting 

material. This suggested that irradiation was necessary for the reaction to proceed and that Cu/Pd-N-TiO2 

functioned as a photocatalyst. The desired product was not detected in the absence of a catalyst (8), 

suggesting that the presence of the catalyst was essential for both the oxidation and cyclization steps of the 

reaction. 
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Table 1. Effect of solvents, temperature, and catalyst type for the synthesis of 2- phenylquinoxaline 

 

 
 

Entry  Catalyst  Solvent  
Time 

(h) 

Conv. 

(%)  

1   Cu/Pd-N-TiO2 Toluene (r.t) 1 11  

2  Cu/Pd-N-TiO2 Methanol (r.t) 1 13  

3  Cu/Pd-N-TiO2 
Tetrahydrofuran 

(r.t)  
1 67  

4  Cu/Pd-N-TiO2 Toluene (60°C)  1 26  

5  Cu/Pd-N-TiO2 Methanol (60°C)  1 27  

6  Cu/Pd-N-TiO2 
Tetrahydrofuran 

(60°C)  
6 99  

7A Cu/Pd-N-TiO2 
Tetrahydrofuran 

(rt) 
6 0 

8B - 
Tetrahydrofuran 

(60°C)  
6 0 

9 ZnO 
Tetrahydrofuran 

(60°C)  
1 46 

10 MnO2 
Tetrahydrofuran 

(60°C)  
1 35 

11 TiO2 nano seeds 
Tetrahydrofuran 

(60°C)  
1 50 

12 Pd-N-TiO2 
Tetrahydrofuran 

(60°C)  
1 78 

13 Cu-N-TiO2 
Tetrahydrofuran 

(60°C)  
1 59 

14 Cu/Pd-N-TiO2 
Tetrahydrofuran 

(60°C) 
1 99 

 

Reaction conditions: (0.1 mmol) o-phenylenediamine, (0.1 mmol) 2-hydroxyacetophenone, catalyst in 3 mL 

solvent, Awithout light-irradiation, Bwithout catalyst, r.t.; room temperature. 

 

A comparative study of common metal oxides (ZnO, MnO2) and different variations of the current 

catalyst (TiO2 nanoseeds, Pd-N-TiO2, and Cu-N-TiO2) against the current catalyst Cu/Pd-N-TiO2 was also done 

to demonstrate the effectiveness of this method (11-13). These reactions were done for 1 hour under 

irradiation and at 60 °C. Notably, Pd-N-TiO₂ achieved 78% yields which is high compared to the other systems, 

but the synergistic bimetallic Cu/Pd system on N-TiO₂ (14) gave the highest yield of 99% in one hour. This 

synergistic effect likely arises from enhanced electron transfer and active site availability due to the combined 

catalytic properties of Cu and Pd.29, 36  
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Therefore, based on the observations found (as reported in Table 1) the acquired optimal reaction 

conditions (THF, 6 h, 60 °C) were identified. Thereafter, the synthesis of a wide range of quinoxaline 

derivatives was performed, and the results are summarized in Table 2. All products were characterized by 1H 

and 13C NMR, FTIR, and TOF-MS and percentage conversions were determined from relative 1H NMR integrals 

of reactant and product signals, assuming proportionality between signal area and concentration under 

quantitative conditions. Various electron-donating (e.g -Me, -OMe) and withdrawing groups (e.g. -CHO, -Br, -

Cl,) substituted on hydroxy ketones and diamines were also evaluated. This was done to explore the efficiency 

of the methodology, and no significant influence of electron-rich and electron-deficient groups was observed 

since good yields with high purity were obtained. However, the catalyst displayed poor photocatalytic activity 

towards the cyclization of hydroxy acetone and diamines (5a-d). 

 

Table 2. Synthesis of various quinoxaline derivatives with Cu/Pd-N-TiO2 as a catalyst 

Entry Hydroxy ketone Diamine Product 
Conv. 

(%) 

1a 

  
 

90 

1b 

   
(+ regioisomer) 

90 

1c 

  
 

99 

1d 

   
(+ regioisomer) 

90 

2a 

 

 

 

99 

2b 

 

 

 

84 
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Table 2. Continue 

Entry Hydroxy ketone Diamine Product 
Conv. 

(%) 

2c 

 

 

 

99 

2d 

 
 

 

89 

3a 

 

 

 

99 

3b 

 

 
 

(+ regioisomer) 

92 

3c 

 

 

 

99 

3d 

 
  

(+ regioisomer) 

88 

4a 

 

 

 

99 
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Table 2. Continue 

Entry Hydroxy ketone Diamine Product 
Conv. 

(%) 

4b 

 

 

 

85 

4c 

 

 

 

70 

4d 

 
 

 

78 

5a 
 

  

0 

5b 
 

 
 

(+ regioisomer) 

60 

5c 
 

  

0 

5d 
 

 
 

(+ regiosiomer) 

0 

 

 

The recyclability of Cu/Pd-N-TiO2 was studied using the synthesis of 2-phenylquinoxaline (Figure 6). The 

catalyst showed excellent stability, maintaining 99% conversion through the third catalytic cycle, though the 

activity dropped to 53% in the fourth cycle, indicating a decline in catalytic activity. The decline in catalytic 

activity may be due to carbon deposition hindering the passage of organic substances through the pores to the 

active sites.37, 38 This is further supported by the FTIR spectrum of the catalyst after four successive runs 

provided in Supplementary Material (Figure S40) which exhibits characteristic absorption bands at 2345, 1404 
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and 1235 cm–1, attributed to surface adsorbed carbonate species, C–O stretching, and C–N stretching 

vibrations from residual organic intermediates, respectively. 

 

 
Figure 6. The recyclability of Cu/Pd-N-TiO2 catalyst for the synthesis of 2-phenylquinoxaline, the activity was 

maintained for three cycles. 

 

Given the success of the Cu/Pd-N-TiO2-catalyzed Tandem oxidation procedure, the current scope was 

explored on the alcohol oxidation-Wittig olefination according to Scheme 1. To our delight, a conversion 

percentage of 83% was achieved from benzyl alcohol to methyl cinnamate. The potential of Cu/Pd-N-TiO2 

catalyst on the alcohol oxidation-Wittig olefination is currently being evaluated for a wider range of alcohols.  

 

 
 

Scheme 1. Olefination of benzyl alcohol through Wittig reaction. 

 

 

Conclusions 
 

In summary, the Cu/Pd-N-TiO2 photocatalyst demonstrated remarkable efficiency and recyclability for the 

synthesis of quinoxaline derivatives in good to excellent yields. Its tolerance toward both electron-donating 

and electron-withdrawing substituents showcased its versatility across a broad substrate scope. The 

integration of the oxidation and condensation steps into a single process, and the use of hydroxy carbonyl 

compounds which are generally more stable and synthetically accessible than 1,2-dicarbonyl analogues, 

enhanced the practicality of the method. However, the inability to effectively catalyse substrates bearing the 
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alkyl groups indicated an area for future optimization. Importantly, the protocol utilized visible light as an eco-

sustainable energy source and open air as an oxidant. The successful application of the system to the Wittig 

reaction under visible light demonstrated a promising platform for further exploration in photochemical 

transformations and sustainable synthesis. 

 

 

Experimental Section 
 

General. All commercially available reagents, titanium tetraisopropoxide (TTIP), 25% nitric acid, copper nitrate 

Cu(NO3)2∙3H2O, Pd(OAc)2∙4H2O, aqueous ammonia, absolute ethanol and methanol were purchased from 

Merck, Darmstadt, Germany, and used without further purification. HID Xenon Super Vision HID Head Lamps 

35W with broad emission spectrum (400-1000 nm) were used in quinoxaline synthesis. 
1H and 13C NMR spectra were recorded on either a Bruker Avance III 500 or Bruker Avance III 400 

spectrometer at frequencies of 500 MHz/400 MHz (1H) and 125 MHz/100 MHz (13C), respectively. Low and 

High-Resolution Electrospray Ionization (ESI) Mass Spectra were recorded in a micromass spectrometer using a 

Time of Flight (TOF) analyzer. Infra-red (IR) spectra were recorded on a Brucker Alpha II FTIR Spectrometer 

operated by OPUS software. UV/Visible spectra were recorded on a Shimadzu UV/Visible spectrophotometer 

equipped with Shimadzu ISR- 2600/ISR-2600Plus integrating sphere attachment. Scanning Electron 

micrographs were collected using a Zeiss Ultra Plus FEG SEM (Germany) the data was processed using 

SmartSEM imaging software, Oxford X-Max EDX detection system (UK) Aztec EDX analysis software. High-

resolution transmission electron micrographs were collected by a JEOL 2100 HRTEM (Japan) GATAN imaging 

software. Brunauer-Emmett-Teller (BET) surface area, pore volume, and pore size based on nitrogen 

adsorption-desorption isotherms were analyzed (Anton Paar GmbH, Austria). The phase composition of the 

prepared catalyst was analyzed by Rigaku p-XRD (Tokyo, Japan) Model – MiniFlex600. 

 

Synthesis of the catalyst  

The Cu/Pd-N-TiO2 catalyst was prepared following the method described by Underwood et al.26 Titanium 

tetraisopropoxide (TTIP) (10.55 mmol, 3.12 mL) was added dropwise into 15 mL of deionized water, followed 

by the addition of nitric acid (25%, 4 mL). The solution was left to stir for 30 minutes until it formed a gel. Into 

this, a solution of copper nitrate Cu(NO3)2∙3H2O (15 mg) in 2 mL absolute ethanol was added dropwise and 

stirred for 10 minutes. A solution of palladium acetate Pd(OAc)2∙4H2O (30 mg) in 2 mL absolute ethanol and 1 

mL methanol was added dropwise and left to stir for 10 minutes. Ammonia solution was added until a pH of 9 

was reached. This was filtered and dried in an oven at 45°C for 1h. The dried sample was ground and then 

calcined at 350°C for 2h. 

 

General Synthesis for quinoxalines 

The reactions were conducted in a solar-simulation 35 W xenon lamps, four lamps were placed in a circular 

arrangement, with a hot plate in the centre, and a condenser was attached to cooling tubes with a pump for 

water circulation and an external fan serving as the cooling system. In a quartz tube, 0.1 mmol of 

hydroxyketone, 0.1 mmol of phenylenediamine, and 30 mg of Cu/Pd-N-TiO2 catalyst in 3 mL of THF were 

stirred and irradiated with light at 60 °C for 6 hours. Upon completion, the catalyst was filtered, and the 

solvent was removed in vacuo. The product was then characterized to provide the following data: 

2-Phenylquinoxaline (1a). 1H NMR (400 MHz, CDCl3) δ: 7.51-7.54 (3H, m), 7.73-7.78 (2H, m), 8.08-8.20 (4H, m), 

9.32 (1H, s); 13C NMR (100MHz, CDCl3) δ: 128.0, 128.9, 129.5, 129.6, 130.1, 130.6, 130.7, 130.8, 133.8, 137.3, 
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141.9, 142.8, 143.8, 152.4 ppm; IR (KBr) cm-1 3055, 2919, 1665, 1605, 1541, 1486, 1443, 1311, 1125; HRMS 

m/z(ESI): ([M+H]+) calculated for C14H11N2 207.0922, found 207.0918. 

6-Bromo-2-phenylquinoxaline / 7-Bromo-2-phenylquinoxaline (1b). 1H NMR (400 MHz, CDCl3) δ: 7.54-7.60 

(3H, m), 7.81-7.88 (1H, m), 7.99-8.05 (1H, m), 8.18-8.21 (2H, d, J 7.9 Hz), 8.32-8.36 (1H, dd, J 2.3, 17.0 Hz) 9.34 

(1H, s) ppm; 13C NMR (100MHz, CDCl3) δ:128.0, 128.7, 129.7, 130.6, 130.8, 131.0, 131.4, 132.4, 143.4, 143.8, 

144.4, 152.6 ppm; IR (KBr) cm-1 3047, 1741, 1681, 1595, 1535, 1475, 1445, 1310, 1280; HRMS m/z(ESI): 

([M+H]+) calculated for C14H10N2Br 285.0027, found 285.0023. 

6,7-Dimethyl-2-phenylquinoxaline (1c). 1H NMR (400 MHz, CDCl3) δ: 2.55 (6H, s), 7.53-7.60 (3H, m), 7.93 (1H, 

s), 7.97 (1H, s), 8.19-8.20 (2H,d, J 7.9 Hz), 9.26 (1H, s); 13C NMR (100MHz, CDCl3) δ: 20.3, 20.3, 127.4, 128.4, 

128.6, 129.1, 129.9, 140.3, 140.9 ppm; IR (KBr) cm-1 3057, 2965, 2915, 2851, 1689, 1624, 1536, 1483, 1447, 

1312, 1210; HRMS m/z(ESI): ([M+H]+) calculated for C16H15N2 235.1235, found 235.1230. 

2,3-Diphenylquinoxaline (2a). 1H NMR (400 MHz, CDCl3) δ:7.33-7.35 (6H, m), 7.51-7.53 (4H, dd, J 1.6. 8.0 Hz), 

7.76-7.78 (2H, dd, J 3.5, 6.4 Hz), 8.17-8.19 (2H, m) ppm; 13C NMR (100MHz, CDCl3) δ: 128.7, 129.3, 129.7, 

130.3, 130.4, 139.6, 141.7, 153.9 ppm; IR (KBr) cm-1 3054, 1476, 1440, 1343, 1220, 1128; HRMS m/z(ESI): 

([M+H]+) calculated for C20H15N2 283.1235, found 283.1239. 

6-Bromo-2,3-diphenylquinoxaline (2b). 1H NMR (400 MHz, CDCl3) δ: 7.33-7.35 (6H, m), 7.50-7.51 (4H, m), 

7.83-7.85 (1H, m), 8.02-8.05 (1H, s), 8.36 (1H, s) ppm; 13C NMR (100MHz, CDCl3) δ: 128.7, 128.7, 129.4, 139.5, 

130.2, 130.2, 130.9, 131.9, 133.9, 139.0, 140.4, 142.2 ppm; IR (KBr) cm-1 1675, 1592, 1466, 1443, 1337, 1185; 

HRMS m/z(ESI): ([M+H]+) calculated for C20H14N2Br 361.0340, found 361.0344. 

6,7-Dimethyl-2,3-diphenylquinoxaline (2c). 1H NMR (400 MHz, CDCl3) δ: 2.53 (6H, s), 7.32-7.34 (6H, m), 7.49-

7.51 (4H, dd, J 2.0, 8.1 Hz), 8.01 (2H, s) ppm; 13C NMR (100MHz, CDCl3) δ: 20.9, 128.4, 128.7, 129.2, 130.4, 

139.2, 140.3, 141.5, 152.7 ppm; IR (KBr) cm-1 1691, 1538, 1475, 1339, 1209, 1061, 1018; HRMS m/z(ESI): 

([M+H]+) calculated for C22H19N2 311.1548, found 311.1547. 

(2,3-Diphenylquinoxaline-6-yl)phenylmethanone (2d). 1H NMR (400 MHz, CDCl3) δ: 7.34-7.37 (6H, m), 7.51-

7.55 (6H, m), 7.64-7.66 (1H, m), 7.89-7.96 (2H, m), 8.0-8.10 (1H, m), 8.21-8.35 (1H, m), 8.56 (1H, s) ppm; 13C 

NMR (100MHz, CDCl3) δ: 128.4, 128.5, 129.0, 129.2, 129.3, 129.7, 129.8, 129.9, 129.9, 130.1, 132.4, 134.9, 

137.2, 138.3, 138.6, 140.2, 143.0, 154.6, 155.2, 195.8 ppm; IR (KBr) cm-1 1654, 1595, 1444, 1396, 1342, 1309, 

1262, 1203; HRMS m/z(ESI): ([M+H]+) calculated for C27H19N2O 387.1497, found 387.1500. 

2-(4-Chlorophenyl)-3-phenylquinoxaline (3a). 1H NMR (400 MHz, CDCl3) δ: 7.29-7.36 (2H, d, J 8.6 Hz ), 7.37-

7.39 (3H, m), 7.46-7.48 (2H, d, J 8.6 Hz), 7.50-7.52 (2H, m), 7.76-7.79 (2H, m) 8.23 (2H, m) ppm; 13C NMR 

(100MHz, CDCl3) δ: 128.9, 129.0, 129.6, 129.7, 130.3, 130.7, 130.7, 131.7, 135.7, 137.9, 139.2, 141.6, 141.7, 

152.6, 153.7 ppm; IR (KBr) cm-1 3054, 2917, 2850, 1589, 1482, 1339, 1219; HRMS m/z(ESI): ([M+H]+) calculated 

for C20H14N2Cl 317.0846, found 317.0842. 

6-Bromo-2-(4-chlorophenyl)-3-phenylquinoxaline / 7-Bromo-2-(4-chlorophenyl)-3-phenylquinoxaline (3b). 
1H NMR (400 MHz, CDCl3) δ: 7.30-7.32 (2H, d, J 8.6 Hz), 7.36-7.39 (3H, m), 7.45-7.51 (4H, m), 7.83-7.86 (1H, dd, 

J 2.2, 8.8 Hz), 8.00-8.04 (1H, m), 8.34 (1H, m) ppm; 13C NMR (100MHz, CDCl3) δ: 124.6, 129.0, 129.8, 130.3, 

130.9, 131.7, 131.9, 134.2, 136.0, 137.6, 138.9, 140.4, 142.2 ppm; IR (KBr) cm-1 1666, 1592, 1463, 1337, 1185 

ppm; HRMS m/z(ESI): ([M+H]+) calculated for C20H13N2ClBr 394.9951, found 394.9952. 

6,7-Dimethyl-2-(4-chlorophenyl)-3-phenylquinoxaline (3c). 1H NMR (400 MHz, CDCl3) δ: 2.52 (6H, s), 7.28-

7.30 (2H, d, J 8.5 Hz), 7.34-7.36 (3H, m), 7.43-7.45 (2H, d, J 8.5 Hz), 7.47-7.49 (2H, m), 7.90-7.95 (2H, m) 13C 

NMR (100MHz, CDCl3) δ: 20.9, 128.6, 128.7, 128.8, 128.90, 129.2, 130.2, 131.7, 135.3, 138.3, 139.6, 151.6, 

152.7 ppm; IR (KBr) cm-1 2919, 2851, 1458, 1338, 1205, 1085; HRMS m/z(ESI): ([M+H]+) calculated for 

C22H18N2Cl 345.1159, found 345.1161. 
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[2-(4-chlorophenyl)-3-phenylquinoxalin-6-yl](phenyl)methanone / [3-(4-chlorophenyl)-2-phenylquinoxalin-

6-yl](phenyl)methanone (3d). 1H NMR (400 MHz, CDCl3) δ: 7.30-7.39(5H, m), 7.40-7.41 (6H, m), 7.47-7.51 (1H, 

m), 7.81-7.90 (2H, m), 8.30 (2H, s), 8.54 (1H, s) ppm; IR (KBr) cm-1 2920, 2852, 1654, 1592, 1448, 1398, 1310, 

1263. 

2,3-Bis(4-methoxyphenyl)quinoxaline (4a). 1H NMR (400 MHz, CDCl3) δ: 3.81 (6H, s), 6.84-6.86 (4H, d, J 9.2 

Hz), 7.46-7.48 (4H, d, J 8.8 Hz), 7.68-7.71 (2H, dd, J 3.5, 6.4 Hz), 8.09-8.11 (2H, dd, J 3.4, 6.4 Hz) ppm; 13C NMR 

(100MHz, CDCl3) δ: 55.8, 114.3, 129.4, 130.0, 131.7, 132.2, 141.5, 153.5, 160.7 ppm; IR (KBr) cm-1 1603, 1508, 

1456, 1392, 1343, 1288, 1239, 1170; HRMS m/z(ESI): ([M+H]+) calculated for C22H19N2O2 343.1447, found 

343.1445. 

6-Bromo-2,3-bis(4-methoxyphenyl)quinaxoline (4b). 1H NMR (400 MHz, CDCl3) δ: 3.84 (6H, s), 6.88-6.90 

(4H,d, 8.61 Hz), 7.50-7.53 (4H, dd, J 3.3, 8.7 Hz), 7.83-7.85 (1H, dd, J 2.2, 8.7 Hz), 8.15-8.17 (1H, d, 9.1 Hz), 8.44 

(1H, s) ppm; IR (KBr) cm-1 1654, 1599, 1507, 1408, 1336, 1245, 1170, 1021; HRMS m/z(ESI): ([M+H]+) calculated 

for C22H18N2O2Br 421.0552, found 421.0554. 

2,3-Bis(4-methoxyphenyl)-6,7-dimethylquinaxoline (4c). 1H NMR (400 MHz, CDCl3) δ: 2.50 (6H, s), 3.82 (6H, 

s), 6.85-6.87 (4H, d, J 8.8 Hz), 7.45-7.47 (4H, d, J 8.6 Hz), 7.87 (2H, s) ppm; IR (KBr) cm-1 2920, 2851, 1654, 

1601, 1510, 1454, 1245, 1173; HRMS m/z(ESI): ([M+H]+) calculated for C24H23N2O2 371.1760, found 371.1763. 
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