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Abstract 

A new series of aryl tethered benzimidazole-pyrazine and benzoxazole-pyrazine derivatives was synthesized via 

an intermediate chloro-aryl amine from 2,6-dichloropyrazine by adopting Pd(0)-catalysed Suzuki cross coupling 

and cyclo-condensation successively. The chloro-aryl amine was synthesised in high yield under transition metal 

free basic conditions. An efficient microwave mediated strategy was developed for the synthesis of 

benzoxazole–pyrazine derivatives. All the synthesized final targets were screened for in vitro cytotoxicity against 

human cancer cell lines MCF-7(breast), A-549(lung), A-375(melanoma) and DU-145(prostate) by employing 

Doxorubicin and Etoposide as controls. 
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Introduction  
 

For many years, cancer has been a very serious health issue that kills people of all ages all over the world.1,2 It 

caused 10 million fatalities worldwide in 2020, and by 2030, that number is predicted to rise to 13 million.3–5 

Lung, stomach, prostate, colorectal and liver cancer are the most common types of cancer in men, whereas 

breast, colorectal, lung, cervix and stomach cancer are more common in women.6 Cancer typically develops 

because of genetic abnormalities and aberrant enzyme activity.7 Avoiding exposure to carcinogenic chemicals, 

boosting the host defence system and using chemo preventive drugs that inhibit, reverse, or halt tumour 

formation can all help to prevent it.8 However, it is still a condition that poses a serious risk to life and research 

into novel anticancer medications must continue.9 

Pyrazines are a significant class of nitrogen heterocyclic motifs widely distributed in natural and synthetic 

molecules.10 Pyrazine scaffolds and their derivatives exhibit a wide variety of biological activities such as 

anticancer,11 diuretic,12 anti-inflammatiory,13 antidiabetic,14 antimicrobial,15 antiviral,16 and DNA strand 

breakage agents.17 In the anticancer area, N-(4-((6-((3-(oxazol-5-yl)phenyl)amino)pyrazin-2-yl)oxy)naphthalen-

1-yl)acetamide (1) and N-(3-(6-((3,4,5-trimethoxyphenyl)amino)pyrazin-2-yl)phenyl)acetamide (2) act as BRAF 

inhibitors18,19 (Figure 1). 

In addition, benzimidazoles attract the attention of many organic and medicinal chemists in drug 

discovery.20,21 Benzimidazole derivatives are potential pharmacological agents including anticancer,22,23 

antifungal,24 Rho kinase inhibition,25 antidiabetic,26 antimicrobial,27 anthelmintic,28 antidepressant,29 and 

antiprotozoal30 compounds. Nocodazole (3), is a marketed antineoplastic drug which contains a benzimidazole 

nucleus and inhibits tubulin polymerization.31 Benzoxazoles are among the most important heterocyclic 

compounds which exhibit remarkable pharmacological activities such as anticancer,32 anthelmintic,33 

cyclooxygenase inhibitory,34 antifungal,35 antitubercular,36 5HT3 receptor antagonists,37 anti-inflammatory,38 

analgesic,39 and cyclin-dependent kinase inhibitory,40 5-lipoxygenase inhibitory,41 melatonin receptor agonist,42 

antibacterial,43 anti-HIV,44 anticonvulsant,45 antiviral,46 antiallergic,47 antihyperglycemic,48 dopamineD4 

agonists,49 amyloidogenesis inhibitors,50 and rho kinase inhibitors.51 

Molecular hybridization is a tool which aims to combine two heterocyclic scaffolds in a single chemical entity 

to design multi target drug candidates for complex diseases.52 We have applied this methodology in pursuit of 

benzimidazole-pyrazine and benzoxazole-pyrazine hybrid heterocyclic compounds with potential anticancer 

activity. 

 
Figure 1. Biologically active pyrazine & benzimidazole molecules. 
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In the present study a new series of compounds with benzimidazole-pyrazine and benzoxazole-pyrazine ring 

systems have been synthesised and tested for in vitro anticancer activity. 

 

Results and Discussion 
 

Syntheses of benzimidazole-pyrazine 10a-j and benzoxazole-pyrazine 10k-l derivatives are outlined in Scheme 1. 

Initially, trimethoxy aniline 4 was coupled with 2,6-dichloropyrazine 5 in presence of LiN(Si(CH3)3)2 in 1,4-dioxane 

to afford intermediate 6-chloro-N-(3,4,5-trimethoxyphenyl)pyrazine-2-amine 6 with high yield (80%). In earlier 

reported methods, low yields of intermediate 6 were obtained.18 To introduce the desired aldehyde function, 

Compound 6 was subjected to Pd-catalysed Suzuki cross coupling reaction with 4-formylphenyl boronic acid 7 

in Na2CO3 and DME medium to obtain 4-(6-((3,4,5-trimethoxyphenyl)amino)pyrazin-2-yl)benzaldehyde 8. The 

aldehyde function of 8 was confirmed by appearance of a singlet at δ 10.07 in the 1H NMR spectrum. 

 

 
 

Scheme 1. Synthesis of novel pyrazine based benzimidazoles 10a-j and benzoxazole derivatives 10k and 10l. 
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Cyclo-condensation of intermediate aldehyde 8 with various substituted aromatic 1,2-diamines 9a-j 

individually in ethanol solvent under reflux condition afforded compounds 10a-j, respectively, in good yields. In 

addition, we synthesised benzoxazole–pyrazine derivatives 10k and 10l by cyclo-condensation of intermediate 

8 with substituted 2-aminophenols 9k and 9l in AcOH at 120 °C under microwave irradiation conditions. The 

formation of benzoxazole was explored under different conditions like i) EtOH, reflux, ii) EtOH, microwave, iii) 

toluene, p-TSA, heating, iv) ethanol, AcOH, heating, and v) AcOH, reflux. However, under these conditions no 

significant conversion was observed. A microwave assisted protocol in acetic acid medium gave benzoxazoles in 

low yields (<10%). The structures of all the synthesised compounds were confirmed by 1HNMR, 13CNMR and 

mass spectral analysis. 

 

Anti-cancer activity 

All the final target compounds were screened for in vitro cytotoxicity against human cancer cell lines MCF-

7(breast), A-549(lung), A-375(melanoma) and DU-145(prostate) by using Doxorubicin and Etoposide as controls. 

Benzimidazole compounds 10b, 10d, 10g, 10h and 10j showed superior activity against human breast cancer 

cell line MCF-7, human lung cancer cell line A-549, and human melanoma cell line A-375 (Table 1). 

 

Table 1. IC50 values for benzimidazole compounds 10a-j in µM. 

 

Compound MCF-7   A-549 A-375 

10a 2.9±0.07 3.78±0.24 - 

10b 0.19±0.02 0.76±0.03 0.12±0.02 

10c 4.78±0.55 2.45±0.12 9.78±0.78 

10d 1.24±0.10 1.33±0.05 0.56±0.02 

10e 7.45±0.55 3.55±0.51 6.49±0.62 

10f 5.12±0.57 10.3±0.03 2.65±0.07 

10g 1.9±0.02 0.89±0.02 0.34±0.07 

10h 0.1±0.03 1.78±0.07 0.22±0.03 

10i 7.34±0.84 12.9±1.10 3.56±0.55 

10j 0.98±0.01 0.26±0.05 0.11±0.02 

Doxorubicin 2.02± 0.05 2.18±0.02 5.51±0.04 

 

The benzoxazole analogues 10k and 10l, displayed outstanding activity against all the three MCF-7, MDA-MB-

231 and A-549 cell lines (Table-2). Replacing one of the N atoms in the benzimidazole ring with an O atom 

enhanced activity. 

 

Table 2. IC50 values for benzoxazole compounds 10k and 10l in µM. 

 

Compound MCF-7 A-549 MDA-MB-231 DU-145   

 
10k 0.23±0.04 0.34±0.05 0.92±0.02 1.45±0.04 

10l 0.04±0.01 0.87±0.01 0.07±0.01 - 
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Etoposide 2.11±0.02 1.91±0.01 1.97±0.02 0.01±0.04 

 

 

Conclusions 
 

We have developed a simple and efficient strategy for the synthesis of new benzimidazole-pyrazine 

derivatives 10a-j and established a practical microwave mediated synthesis of benzoxazole-pyrazines 10k and 

10l. The intermediate chloro aryl amine was prepared under transition metal free conditions.  The results of 

anticancer evaluation of 10a-l against MCF-7, MDA-MB-231 and A-549 cell lines revealed that the pyrazine-

benzimidazole and pyrazine-benzoxazole derivatives could be staring points for potential anticancer agents and 

can be further investigated for the development new chemotherapeutics. 

 

Experimental Section 
 

General. All the chemicals and reagents were obtained from Aldrich (Sigma–Aldrich, St. Louis, MO, USA), 

Lancaster (Alfa Aesar, Johnson Matthey Company, Ward Hill, MA, USA) and were used without further 

purification. Microwave reactions were performed in an Anton Paar 450 apparatus at 250W power. Reactions 

were monitored by TLC, performed on silica gel glass plates containing 60 F-254, and visualisation on TLC was 

achieved by UV light or iodine indicator. All the final compounds were purified on a Waters HPLC system. 1H and 
13C NMR spectra were recorded on Gemini Varian-VXR-unity (400 MHz) instrument. Chemical shifts (d) are 

reported in ppm downfield from internal TMS standard. ESI spectra were recorded on Micro mass, Quattro LC 

using ESI+ software with capillary voltage 3.98 kV and ESI mode positive ion trap detector. Melting points were 

determined on a Buchi 530 melting point apparatus and are uncorrected. Solvents were purified according to 

standard procedures.  

Synthesis of 6-chloro-N-(3,4,5-trimethoxyphenyl)pyrazin-2-amine (6). To a mixture of 2,6-dichloropyrazine (5) 

(10 g, 67.11 mmol) and 3,4,5-trimethoxyaniline (4) (12.3 g, 67.11 mmol) in 1,4-dioxane (50 mL) was added 

LiN(Si(CH3)3)2 (67.11 mL, 201.33 mmol, 3M in THF) at 0°C and stirred at same temperature for 1 h. The reaction 

mixture was quenched with ice water and the resulting solid was filtered, washed with ice cold water and dried 

under reduced pressure to afford pure compound 6, as off white solid (16 g, 80% yield). 1H NMR (400 MHz, 

DMSO-d6, δppm): 9.80 (s, 1H), 8.13 (s, 1H), 7.96 (s, 1H), 7.04 (s, 2H), 3.77 (s, 6H), 3.64 (s, 3H);MS (ESI): 296 

[M+H]+. 

Synthesis of 4-(6-(3,4,5-trimethoxyphenylamino)pyrazin-2-yl)benzaldehyde (8). To a stirred and degassed 

solution of 6-chloro-N-(3,4,5-trimethoxyphenyl)pyrazin-2-amine (6) (13 g, 44 mmol) in DME (40 mL) and water 

(10 mL) were added tetrakis(triphenylphosphine)palladium(0) (2.5 g, 2.2 mmol), 4-formylphenylboronic acid (7) 

(6.6 g, 44 mmol) followed by sodium carbonate (9.3 g, 88 mmol). The mixture was heated at 90 °C for 16 h. After 

cooling, the reaction mixture was diluted with ethyl acetate and washed with water, brine solution, dried over 

anhydrous Na2SO4, filtered and concentrated. The residue was purified on silica gel column with 

20% EtOAc/hexane to give compound 8 as off white solid (9.6 g, 60 % yield). 1H NMR (400 MHz, DMSO-d6, 

δppm):10.07 (s, 1H), 9.69 (s, 1H), 8.64 (s, 1H), 8.35 (d, 2H, J = 8.2 Hz), 8.23 (s, 1H), 8.05 (d, 2H, J= 8.2 Hz), 7.25 

(s, 2H), 3.84 (s, 6H), 3.65 (s, 3H); MS (ESI): 366 [M+H]+. 

Synthesis of 6-(4-(1H-benzo[d]imidazol-2-yl)phenyl)-N-(3,4,5-trimethoxyphenyl)pyrazin-2-amines 10a-j. 

Mixtures of aldehyde 8 (200 mg, 0.54 mmol) and each of o-phenylenediamines 9a-j (0.82 mmol) individually in 

absolute ethanol (10 mL) were heated at reflux for 4 h. After cooling to room temperature, diethyl ether (20 mL) 
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was added to the reaction mixture, and the resulting precipitate was filtered off. The crude product was purified 

by preparative HPLC to afford pure compounds 10a-j. 

Prep-HPLC conditions for 10a, 10c, 10d, 10e, 10f, 10g, 10i, 10j: 

Mobile phase: A: 0.1% Formic acid in water; B: Acetonitrile 

Column: X-Bridge 19 X 150 mm, 5µm 

Gradient: Time/%B: 0/30; 10/80, 10.1/98; 13/98, 13.1/30, 16/30 

Flow rate: 19 mL/ min 

Prep-HPLC conditions for 10b, 10h: 

Mobile phase: A: 10mM Ammonium bicarbonate in water; B: Acetonitrile 

Column: X-SELECT CSH C18 19 X 150 mm, 5µm 

Gradient: Time/%B: 0/50; 11/80, 11.1/98; 13/98, 13.1/50, 15/50 

Flow rate: 15 mL/ min 

6-(4-(1H-Benzo[d]imidazol-2-yl)phenyl)-N-(3,4,5-trimethoxyphenyl)pyrazin-2-amine (10a). Off white solid; 

Yield: 48%; mp 120-122 oC; 1H NMR (400 MHz, DMSO-d6, δppm): 9.96 (brs, 1H, NH), 9.83 (brs, 1H, NH), 8.92 (d, 

2H, J = 8.12 Hz, Ar-H), 8.63 (s, 1H, Ar-H), 8.53 (s, 1H, Ar-H), 8.12 (d, 2H, J = 8.12 Hz, Ar-H), 7.38-7.42 (m, 2H, Ar-

H), 7.33-7.35 (m, 2H, Ar-H), 7.23 (s, 2H, Ar-H), 3.87 (s, 3H, OCH3), 3.84 (s, 6H, 2xOCH3); 13C NMR (100 MHz, 

DMSO-d6, δppm): 156.9, 154.3, 153.8, 152.8, 144.8, 142.7, 140.4, 136.7, 134.8, 133.4, 131.2, 129.8, 129.3, 124.8, 

117.4, 93.5, 61.9, 57.6; MS (ESI): 454 [M+H]+. Anal calcd. for C26H23N5O3: C, 68.86; H, 5.14; N, 15.39%. Found: C, 

68.80; H, 5.09; N, 15.40%. 

6-(4-(5-(Trifluoromethyl)-1H-benzo[d]imidazol-2-yl)phenyl)-N-(3,4,5-trimethoxyphenyl)pyrazin-2-amine 

(10b). Pale yellow solid; Yield: 42%;mp 127–129 oC, 1H NMR (400 MHz, DMSO-d6, δppm): 9.80 (brs, 1H, NH), 

9.63 (brs, 1H, NH),9.05 (d, 2H, J = 8.14 Hz, Ar-H),8.94 (s, 1H, Ar-H),8.83 (s, 1H, Ar-H),8.79 (s, 1H, Ar-H),8.61 (s, 

1H, Ar-H),7.98-8.09 (m, 2H, Ar-H),7.62-7.63 (m, 1H, Ar-H),7.44 (s, 2H, Ar-H),3.70 (s, 6H, 2xOCH3),3.65 (s, 3H, 

OCH3); 13C NMR (100 MHz, DMSO-d6, δppm): 156.9, 154.8, 153.8, 152.3, 145.6, 142.8, 141.5, 140.5, 136.8, 135.7, 

134.5, 131.7, 129.9, 129.7, 126.7, 123.8, 121.6, 119.7, 116.5, 93.8, 61.9, 57.7; MS (ESI): 522 [M+H]+. Anal calcd. 

for C27H22F3N5O3: C, 62.19; H, 4.25; N, 13.43; Found: C, 62.65; H, 4.39; N, 13.52% 

6-(4-(5-Methyl-1H-benzo[d]imidazol-2-yl)phenyl)-N-(3,4,5-trimethoxyphenyl)pyrazin-2-amine (10c). Pale 

brown solid; Yield: 37; mp 131-133 oC; 1H NMR (400 MHz, DMSO- d6, δppm): 9.64-9.67 (m, 2H, NH), 9.32 (d, 

2H, J = 8.13 Hz, Ar-H), 8.09 (s, 1H, Ar-H), 7.98 (s, 1H, Ar-H), 7.74 (d, 2H, J = 8.13 Hz, Ar-H), 7.22-7.24 (m, 2H, Ar-

H), 7.08 (d, 1H, J = 8.04 Hz, Ar-H), 6.99 (s, 2H, Ar-H), 3.83 (s, 6H, 2xOCH3), 3.80 (s, 3H, OCH3), 2.29 (s, 3H, CH3); 
13C NMR (100 MHz, DMSO-d6, δppm): 156.9, 154.8, 153.8, 152.4, 145.8, 142.3, 138.6, 136.7, 133.7, 133.4, 131.3, 

129.8, 129.5, 127.8, 123.5, 119.6, 93.6, 61.7, 57.6, 23.4; MS (ESI): 468 [M+H]+. Anal calcd. for C27H25N5O3:  C, 

69.36; H, 5.39; N, 14.98. Found:  C, 69.56; H, 5.41; N, 14.99%. 

6-(4-(5-Chloro-6-methyl-1H-benzo[d]imidazol-2-yl)phenyl)-N-(3,4,5-trimethoxyphenyl)pyrazin-2-amine 

(10d). Pale yellow solid; Yield: 23; mp 139–141 oC; 1H NMR (400 MHz, DMSO-d6, δppm): 9.95 (brs, 1H, NH), 

9.84 (brs, 1H, NH), 9.34 (d, 2H, J = 8.15 Hz, Ar-H), 8.10 (s, 1H, Ar-H), 7.99 (s, 1H, Ar-H), 7.73 (d, 2H, J = 8.15 Hz, 

Ar-H), 7.65 (s, 1H, Ar-H), 7.52 (s, 1H, Ar-H), 7.18 (s, 2H, Ar-H), 3.88 (s, 3H, OCH3), 3.86 (s, 6H, 2xOCH3), 2.34 (s, 

3H, CH3); 13C NMR (100 MHz, DMSO-d6, δppm): 156.9, 154.7, 153.7, 152.3, 145.8, 142.5, 136.9, 136.4, 135.7, 

134.6, 133.7, 133.5, 131.5, 129.8, 129.6, 128.6, 122.5, 116.7, 93.8, 61.8, 57.6, 22.7;  MS (ESI): 502.1 [M+H]+. Anal 

calcd. for C27H24ClN5O3: C, 64.60; H, 4.82; N, 13.95. Found: C, 64.79; H, 4.99; N, 14.11%. 

N-6-[4-(5,6-Dimethoxy-1H-benzo[d]imidazol-2-yl)phenyl]-2-pyrazinyl-N-(3,4,5-trimethoxyphenyl)amine 

(10e). Off white solid; yield: 32; mp 143–145 oC; 1H NMR (400 MHz, DMSO-d6, δppm): 9.91 (s, 1H, NH), 9.42 

(s, 1H, NH), 9.22 (d, 2H, J = 8.15 Hz, Ar-H), 8.12 (s, 1H, Ar-H), 8.09 (s, 1H, Ar-H), 7.73 (d, 2H, J = 8.15 Hz, Ar-H), 

6.98 (s, 2H, Ar-H), 6.79 (s, 2H, Ar-H), 3.95 (s, 6H, 2xOCH3), 3.88 (s, 3H, OCH3), 3.86 (s, 6H, 2xOCH3); 13C NMR (100 
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MHz, DMSO-d6, δppm): 156.8, 154.7, 153.6, 152.7, 148.6, 145.8, 142.3, 137.6, 136.9, 136.4, 134.7, 133.4, 131.5, 

129.9, 129.5, 99.5, 93.5, 61.8, 57.8; MS (ESI): 514.47 [M+H]+. Anal calcd. for C28H27N5O5: C, 65.49; H, 5.30; N, 

13.64; Found: C, 65.73; H, 5.66; N, 13.88%. 

N-6-[4-(5,6-Dimethyl-1H-benzo[d]imidazol-2-yl)phenyl]-2-pyrazinyl-N-(3,4,5-trimethoxyphenyl)amine(10f). 

Pale brown solid; Yield: 30; mp 148–150 oC; 1H NMR (400 MHz, DMSO-d6, δppm): 10.04 (s, 1H, NH), 9.47 (s, 

1H, NH), 9.15 (d, 2H, J = 8.14 Hz, Ar-H), 8.09 (s, 1H, Ar-H), 7.98 (s, 1H, Ar-H), 7.77 (d, 2H, J = 8.14 Hz, Ar-H), 7.29 

(s, 2H, Ar-H), 6.89 (s, 2H, Ar-H), 3.87 (s, 3H, OCH3), 3.86 (s, 6H, 2xOCH3), 2.29 (s, 6H, 2xCH3); 13C NMR (100 MHz, 

DMSO-d6, δppm): 156.9, 154.8, 153.8, 152.3, 145.8, 142.4, 135.9, 135.8, 135.6, 134.5, 133.4, 131.2, 129.8, 129.3, 

114.5, 93.8, 61.8, 57.4, 21.6; MS (ESI): 482.46 [M+H]+. Anal calcd. for C28H27N5O3: C, 69.84; H, 5.65; N, 14.54; 

Found: C, 69.97; H, 5.88; N, 14.98%. 

N-6-[4-(5-Methoxy-1H-benzo[d]imidazol-2-yl)phenyl]-2-pyrazinyl-N-(3,4,5-trimethoxyphenyl)amine (10g). 

Off white solid; Yield: 45; mp 153–155 oC; 1H NMR (400 MHz, DMSO-d6, δppm): 9.89 (s, 1H, NH), 9.53 (s, 1H, 

NH), 9.29 (d, 2H, J = 8.13 Hz, Ar-H), 8.10 (s, 1H, Ar-H), 8.05 (s, 1H, Ar-H), 7.75 (d, 2H, J = 8.13 Hz, Ar-H), 7.08-7.11 

(m, 2H, Ar-H), 7.04 (s, 1H, Ar-H), 6.96 (s, 2H, Ar-H), 3.88 (s, 3H, OCH3), 3.86 (s, 6H, 2xOCH3), 3.85 (s, 3H, OCH3); 
13C NMR (100 MHz, DMSO-d6, δppm): 158.5, 156.7, 154.7, 153.6, 152.4, 145.6, 142.7, 142.3, 136.7, 135.7, 134.6, 

133.4, 131.5, 129.8, 129.4, 116.7, 109.5, 101.5, 93.6, 61.9, 57.2; MS (ESI): 484 [M+H]+. Anal calcd. for C27H25N5O4: 

C, 67.07; H, 5.21; N, 14.48; Found: C, 67.51; H, 5.63; N, 14.77%. 

N-6-[4-(5-Nitro-1H-benzo[d]imidazol-2-yl)phenyl]-2-pyrazinyl-N-(3,4,5-trimethoxyphenyl)amine (10h). 

Yellow solid; Yield: 29%; mp 157–159 oC; 1H NMR (400 MHz, DMSO-d6, δppm): 9.81 (brs, 1H, NH), 9.61 (brs, 1H, 

NH), 8.98 (d, 2H, J = 8.19 Hz, Ar-H), 8.81 (s, 1H, Ar-H), 8.76-8.83 (m, 3H, Ar-H), 8.09 (d, 2H, J = 8.19 Hz, Ar-H), 

7.57 (d, 1H, J = 8.14 Hz, Ar-H), 7.29 (s, 2H, Ar-H), 3.94 (s, 6H, 2xOCH3), 3.87 (s, 3H, OCH3); 13C NMR (100 MHz, 

DMSO-d6, δppm): 156.9, 154.8, 153.7, 152.6, 145.9, 145.7, 142.9, 142.6, 140.7, 136.8, 134.6, 131.5, 129.8, 129.4, 

128.4, 120.8, 116.9, 115.6, 93.8, 61.9, 57.9; MS (ESI): 499 [M+H]+. Anal calcd. for C26H22N6O5:C, 62.64; H, 4.45; 

N, 16.86; Found: C, 62.92; H, 4.65; N, 17.25%. 

N-6-[4-(4-Bromo-1H-benzo[d]imidazol-2-yl)phenyl]-2-pyrazinyl-N-(3,4,5-trimethoxyphenyl)amine (10i). Pale 

yellow solid; Yield: 42; mp 160–162 oC; 1H NMR (400 MHz, DMSO-d6, δppm): 9.64 (brs, 1H, NH);  9.28 (d, 2H, J 

= 8.16 Hz, Ar-H), 8.09 (s, 1H, Ar-H), 8.03 (s, 1H, Ar-H), 7.72 (d, 2H, J = 8.16 Hz, Ar-H), 7.32-7.39 (m, 3H, Ar-H), 

6.91(s, 2H, Ar-H), 3.88 (s, 3H, s, 3H, OCH3), 3.81 (s, 6H, 2xOCH3); 13C NMR (100 MHz, DMSO-d6, δppm): 156.9, 

154.7, 153.7, 151.5, 145.6, 142.5, 137.8, 136.6, 135.7, 134.6, 133.5, 132.0, 131.6, 129.9, 129.7, 125.7, 122.3, 

117.8, 93.8, 61.9, 57.6; MS (ESI): 532 [M+H]+. Anal calcd. for C26H22BrN5O3:  C, 58.66; H, 4.17; N, 13.15; Found:  

C, 58.75; H, 4.31; N, 13.45%. 

6-(4-(5,6-Dichloro-1H-benzo[d]imidazol-2-yl)phenyl)-N-(3,4,5-trimethoxyphenyl)pyrazin-2-amine (10j). White 

solid; Yield 21%; mp 164–166 oC, 1H NMR (400 MHz, DMSO-d6, δppm): 9.73 (s, 1H, NH),9.59 (s, 1H, NH), 9.33 (d, 

2H, J = 8.19 Hz, Ar-H), 8.11 (s, 1H, Ar-H), 8.05 (s, 1H, Ar-H), 7.79 (d, 2H, J = 8.19 Hz, Ar-H), 7.72 (s, 2H, Ar-H), 7.12 

(s, 2H, Ar-H), 3.95 (s, 3H, OCH3), 3.88 (s, 6H, 2xOCH3); 13C NMR (100 MHz, DMSO-d6, δppm): 156.9, 154.8, 153.7, 

152.6, 145.8, 142.7, 137.5, 136.5, 135.8, 134.7, 133.6, 131.8, 129.8, 129.6, 128.5, 119.9, 93.8, 61.9, 57.7; MS 

(ESI): 522 [M+H]+. Anal calcd. for C26H21Cl2N5O3: C, 59.78; H, 4.05; N, 13.41; Found: C, 60.15; H, 4.37; N, 13.67%. 
 

General procedure for synthesis of 6-(4-(benzo[d]oxazol-2-yl)phenyl)-N-(3,4,5-trimethoxyphenyl)pyrazin-2-

amine derivatives 10k and 10l. 

Mixtures of aldehyde 8 (200 mg, 0.82 mmol) and each of 2-aminophenols 9k and 9l (0.82 mmol) individually in 

glacial acetic acid (15 mL) were irradiated at 120 °C in a microwave reactor at 250W power for 1 h. The reaction 

mixture was cooled to room temperature, diethyl ether (20 mL) was added, and the resulting precipitate was 

filtered off. The crude product was purified by preparative HPLC to afford pure compound. 
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Prep-HPLC conditions:  

Mobile phase: A: 10mM Ammonium bicarbonate in water; B: Acetonitrile 

Column: X-SELECT CSH C18 19 X 150 mm, 5µm 

Gradient: Time/%B: 0/50; 11/90, 11.1/100; 13/100, 13.1/50, 15/50 

Flow rate: 19 mL/ min 

6-(4-(Benzo[d]oxazol-2-yl)phenyl)-N-(3,4,5-trimethoxyphenyl)pyrazin-2-amine (10k). Pale yellow solid; Yield: 

8%; mp 144–155 oC; 1H NMR (400 MHz, DMSO-d6, δppm): 9.67 (s, 1H, NH), 8.65 (s, 1H, Ar-H), 8.33-8.39 (m, 5H, 

Ar-H), 8.23 (s, 1H, Ar-H), 7.82-7.86 (m, 2H, Ar-H), 7.44-7.47 (m, 2H, Ar-H), 7.27 (s, 1H, Ar-H), 3.87 (s, 6H, 2xOCH3), 

3.65 (s, 3H, OCH3); 13C NMR (125 MHz, DMSO-d6, δppm): 161.8,  152.8, 151.4, 150.2, 146.3, 141.5, 139.6, 136.7, 

134.5, 132.1, 130.0, 127.6, 127.1, 127.0, 125.7, 124.9, 119.8, 110.9, 95.8, 60.1, 55.6; MS (ESI): 455 [M+H]+. Anal 

calcd. for C26H22N4O4: C, 68.71; H, 4.88; N, 12.33; Found: C, 68.97; H, 4.93; N, 12.81%6-(4-(7-

Methoxybenzo[d]oxazol-2-yl)phenyl)-N-(3,4,5-trimethoxyphenyl)pyrazin-2-amine (10l). Off white solid; Yield: 

6; mp 164–186 oC, 1H NMR (400 MHz, DMSO-d6, δppm): 9.68 (s, 1H, NH),  8.64 (s, 1H, Ar-H), 8.37 (d, 2H, J = 

8.4 Hz, Ar-H), 8.30 (d, 2H, J = 8.4 Hz, Ar-H), 8.22 (s, 1H, Ar-H), 7.40 (s, 1H, Ar-H), 7.39 (s, 1H, Ar-H), 7.21 (s, 2H, 

Ar-H), 7.00 (m, 1H, Ar-H), 4.01 (s, 3H, OCH3), 3.86 (s, 6H, 2xOCH3), 3.65 (s, 3H, OCH3); 13C NMR (125 MHz, CDCl3, 

δppm): 161.2, 153.4, 152.0, 151.5, 148.1, 139.2, 135.6, 133.8, 132.1, 131.7, 131.4, 127.9, 127.8, 126.9, 126.0, 

105.8, 103.3, 97.4, 61.0, 56.1, 56.0; MS (ESI): 485 [M+H]+. Anal calcd. for  C27H24N4O5: C, 66.93; H, 4.99; N, 11.56; 

Found: C, 67.11; H, 5.13; N, 12.01%. 

 

MTT assay. The cytotoxic activity of the compounds was determined using MTT assay. MTT [3-(4,5-

dimethylthiazol-2-yl) -2,5-diphenyl tetrazolium bromide], trypsin, EDTA Phosphate Buffered Saline (PBS) were 

purchased from Sigma Chemicals Co. (St. Louis, MO) and Fetal Bovine Serum (FBS) were procured from Gibco. 

25 cm2 and 75 cm2 flasks and 96 well plates were purchased from Eppendorf India. The cell lines were purchased 

from NCCS, Pune, India. 1 × 104 cells/well were seeded in 200 ml DMEM [Dulbecco's Modified Eagle Medium], 

supplemented with 10% FBS in each well of 96-well micro culture plates and incubated for 24 hours at 37 oC in 

a CO2 incubator. Compounds, diluted to the desired concentrations in culture medium, were added to the wells 

with respective vehicle control. After 48 hours of incubation, 10 ml MTT (5 mg/ml) was added to each well and 

the plates were further incubated for 4 hours. The supernatant from each well was carefully removed, formazan 

crystals were dissolved in 100 ml of DMSO and absorbance at 540 nm wavelength was recorded. The 

experimental procedure was performed in triplicate with 6 variable μM concentrations. 

 

 

Acknowledgements 
 

The authors are thankful to the management of Aragen Life Sciences Pvt. Ltd. for providing the lab facilities.  

 

 

Supplementary Material 
 

Copies of all 1H and 13C NMR and Mass spectra along with anticancer activity data of all products are available 

in the Supplementary material. 

 

 

References 



Arkivoc 2024 (8) 202412241  Rao, Y. J. et al. 

 

 Page 9 of 12 ©AUTHOR(S) 

 

1. Sawyer, T.K. (2007). Novel Small-Molecule Inhibitors of Src Kinase for Cancer Therapy. In: Bradbury, R.H. 

Eds. Cancer. Topics in Medicinal Chemistry, Springer: Berlin, Heidelberg, Vol 1, 2007, p 383..  

https://doi.org/10.1007/7355_2006_010 

2. Vishnu, T.; Veerabhadraiah, M.; Krishna Chaitanya, V.; Nagamani, M.; Raghavender, M.; Jalapathi, P. Mol. 

Divers. 2023, 27, 2695–2713. 

https://doi.org/10.1007/s11030-022-10575-6 

3. Veeranna, D.; Ramdas, L.; Ravi, G.; Bujji, S.; Thumma, V.; Ramchander, J. ChemistrySelect 2022, 7, 

e202201758.  

https://doi.org/10.1002/slct.202201758 

4. Ruddarraju, R. R.; Murugulla, A. C.; Kotla, R.; Tirumalasetty, M. C. B.; Wudayagiri, R.; Donthabakthuni, S.; 

Maroju, R. Med. Chem. Commun. 2016, 8, 176-183. 

https://doi.org/10.1039/C6MD00479B 

5. Sun, C.; Chen, C.; Xu, S.; Wang, J.; Zhu, Y.; Kong, D.; Tao, H.; Jin, M.; Zheng, P.; Zhu, W. Bioorg.Med. Chem. 

2016, 24, 3862-3869.  

https://doi.org/10.1016/j.bmc.2016.06.032 

6. Gali, S.; Raghu, D.; Mallikanti, V.; Thumma, V.; Vaddiraju, N. Mol.Divers. 2023, 1-15. 

https://doi.org/10.1007/s11030-023-10661-3 

7. Chaitanya, V. K.; Jalapathi, P.; Chandar, M. R.; Vishnu, T.; Veerabhadraiah, M.; Raghavender, M. J. Iran. 

Chem. Soc.2023, 20, 995-1006.  

https://doi.org/10.1007/s13738-022-02737-y 

8. Perike, N.; Edigi, P. K.; Nirmala, G.; Thumma, V.; Bujji, S.; Naikal, P. S. ChemistrySelect 2022, 7, e202203778.  

       https://doi.org/10.1002/slct.202203778 

9. Chennamsetti, P.; Chevula, K.; Patnam, N.; Thumma, V.; Manga, V. Chemical Data Collections 2023, 101061.  

        https://doi.org/10.1016/j.cdc.2023.101061 

10. Dolezal, M.; Zitko, J. Expert Opin.Ther. Pat. 2015, 25, 33-47.  

https://doi.org/10.1517/13543776.2014.982533 

11. Tantawy, E. S.; Amer, A. M.; Mohamed, E. K.; Abd Alla, M. M.; Nafie, M. S. J. Mol.Struct. 2020, 1210, 128013.  

        https://doi.org/10.1016/j.molstruc.2020.128013 

12. Jones, J. H.; Cragoe, E. J. J. Med. Chem. 1968, 11, 322-325.  

https://doi.org/10.1021/jm00308a030 

13. Silva, Y. K. C. da; Augusto, C. V.; Barbosa, M. L. de C.; Melo, G. M. de A.; Queiroz, A. C. de; Dias, T. de L. M. 

F.; Júnior, W. B.; Barreiro, E. J.; Lima, L. M.; Alexandre-Moreira, M. S. Bioorg. Med. Chem. 2010, 18, 5007-

5015.  

        https://doi.org/10.1016/j.bmc.2010.06.002 

14. Mamedova, G.; Mahmudova, A.; Mamedov, S.; Erden, Y.; Taslimi, P.; Tüzün, B.; Tas, R.; Farzaliyev, V.; 

Sujayev, A.; Alwasel, S. H.; Gulçin, İ. Bioorg.Chem. 2019, 93, 103313. 

https://doi.org/10.1016/j.bioorg.2019.103313 

15. Premkumar, T.; Govindarajan, S. World J. Microbiol. Biotechnol. 2005, 21, 479-480.  

https://doi.org/10.1007/s11274-004-2041-7 

16. Seliem, I. A.; Girgis, A. S.; Moatasim, Y.; Kandeil, A.; Mostafa, A.; Ali, M. A.; Bekheit, M. S.; Panda, S. S. 

ChemMedChem 2021, 16, 3418-3427.  

https://doi.org/10.1002/cmdc.202100476 

17. Yamaguchi, T.; Ito, S.; Kashige, N.; Nakahara, K.; Harano, K. Chem. Pharm. Bull. 2007, 55, 532-536. 

https://doi.org/10.1007/7355_2006_010
https://doi.org/10.1007/s11030-022-10575-6
https://doi.org/10.1002/slct.202201758
https://doi.org/10.1039/C6MD00479B
https://doi.org/10.1016/j.bmc.2016.06.032
https://doi.org/10.1007/s11030-023-10661-3
https://doi.org/10.1007/s13738-022-02737-y
https://doi.org/10.1002/slct.202203778
https://doi.org/10.1016/j.cdc.2023.101061
https://doi.org/10.1517/13543776.2014.982533
https://doi.org/10.1016/j.molstruc.2020.128013
https://doi.org/10.1021/jm00308a030
https://doi.org/10.1016/j.bmc.2010.06.002
https://doi.org/10.1016/j.bioorg.2019.103313
https://doi.org/10.1007/s11274-004-2041-7
https://doi.org/10.1002/cmdc.202100476


Arkivoc 2024 (8) 202412241  Rao, Y. J. et al. 

 

 Page 10 of 12 ©AUTHOR(S) 

https://doi.org/10.1248/cpb.55.532 

18. Niculescu-Duvaz, I.; Roman, E.; Whittaker, S. R.; Friedlos, F.; Kirk, R.; Scanlon, I. J; Davies, L. C.; Niculescu-

Duvaz, D.; Marais, R.; Springer, C. J, J. Med. Chem. 2008, 51, 3261-3274.  

https://doi.org/10.1021/jm070776b 

19. Qian, K.; Wang, L.; Cywin, C. L.; Farmer, B. T.; Hickey, E.; Homon, C.; Jakes, S.; Kashem, M. A.; Lee, G.; 

Leonard, S.; Li, J.; Magboo, R.; Mao, W.; Pack, E.; Peng, C.; Prokopowicz, A.; Welzel, M.; Wolak, J.; Morwick, 

T. J. Med.Chem. 2009, 52, 1814-1827.  

https://doi.org/10.1021/jm801242y 

20. Wright, J. B. Chem. Rev.1951, 48, 397-541.  

https://doi.org/10.1021/cr60151a002 

21. Vasava, M. S.; Bhoi, M. N.; Rathwa, S. K.; Jethava, D. J.; Acharya, P. T.; Patel, D. B.; Patel, H. D. Mini-Reviews 

in Medicinal Chemistry 2020, 20, 532-565.  

https://doi.org/10.2174/1389557519666191122125453 

22. Özdemir, A.; Turanli, S.; Çalişkan, B.; Arka, M.; Banoglu, E. Pharm. Chem. J. 2020, 53, 1036-1046. 

 https://doi.org/10.1007/s11094-020-02119-9 

23. Othman, D. I. A.; Hamdi, A.; Tawfik, S. S.; Elgazar, A. A.; Mostafa, A. S. J. Enzyme Inhib. Med. Chem. 2023, 

38, 2166037.  

https://doi.org/10.1080/14756366.2023.2166037 

24. Mallikanti, V.; Thumma, V.; Matta, R.; Valluru, K. R.; Konidena, L. N. S.; Boddu, L. S.; Pochampally, J. Chemical 

Data Collections 2023, 45, 101034.  

https://doi.org/10.1016/j.cdc.2023.101034 

25. Sessions, E. H.; Yin, Y.; Bannister, T. D.; Weiser, A.; Griffin, E.; Pocas, J.; Cameron, M. D.; Ruiz, C.; Lin, L.; 

Schürer, S. C.; Schröter, T.; LoGrasso, P.; Feng, Y. Bioorg.Med. Chem. Lett. 2008, 18, 6390-6393. 

https://doi.org/10.1016/j.bmcl.2008.10.095 

26. Deswal, L.; Verma, V.; Kumar, D.; Kaushik, C. P.; Kumar, A.; Deswal, Y.; Punia, S. Arch. Pharm.(Weinheim) 

2020, 353, 2000090.  

https://doi.org/10.1002/ardp.202000090 

27. Ouahrouch, A.; Ighachane, H.; Taourirte, M.; Engels, J. W.; Sedra, M. H.; Lazrek, H. B. Arch. Pharm. 

(Weinheim) 2014, 347, 748-755.  

https://doi.org/10.1002/ardp.201400142 

28. Brown, H. D.; Matzuk, A. R.; Ilves, I. R.; Peterson, L. H.; Harris, S. A.; Sarett, L. H.; Egerton, J. R.; Yakstis, J. J.; 

Campbell, W. C.; Cuckler, A. C. J. Am. Chem. Soc. 1961, 83, 1764-1765.  

https://doi.org/10.1021/ja01468a052 

29. Tantray, M. A.; Khan, I.; Hamid, H.; Alam, M. S.; Dhulap, A.; Kalam, A. RSC Adv. 2016, 6, 43345-43355. 

https://doi.org/10.1039/C6RA07273A 

30. Pathare, B.; Bansode, T. Results Chem. 2021, 3, 100200.  

https://doi.org/10.1016/j.rechem.2021.100200 

31. Xu, K.; Schwarz, P. M.; Ludueña, R. F. Drug Dev. Res. 2002, 55, 91-96.  

https://doi.org/10.1002/ddr.10023 

32. Thumma, V.; Mallikanti, V.; Matta, R.; Dharavath, R.; Jalapathi, P. RSC Med. Chem. 2024, 15, 1283-1294.  

        https://doi.org/10.1039/D3MD00479A.   

33. Satyendra, R. V.; Vishnumurthy, K. A.; Vagdevi, H. M.; Rajesh, K. P.; Manjunatha, H.; Shruthi, A. Eur. J. Med. 

Chem. 2011, 46, 3078-3084. https://doi.org/10.1016/j.ejmech.2011.03.017.  

34. Garrepalli, S.; Sarangapani, M.; Garrepally, P.; Chilukala, S. Pharm Lett. 2011, 3, 427-432.  

https://doi.org/10.1248/cpb.55.532
https://doi.org/10.1021/jm070776b
https://doi.org/10.1021/jm801242y
https://doi.org/10.1021/cr60151a002
https://doi.org/10.2174/1389557519666191122125453
https://doi.org/10.1007/s11094-020-02119-9
https://doi.org/10.1080/14756366.2023.2166037
https://doi.org/10.1016/j.cdc.2023.101034
https://doi.org/10.1016/j.bmcl.2008.10.095
https://doi.org/10.1002/ardp.202000090
https://doi.org/10.1002/ardp.201400142
https://doi.org/10.1021/ja01468a052
https://doi.org/10.1039/C6RA07273A
https://doi.org/10.1016/j.rechem.2021.100200
https://doi.org/10.1002/ddr.10023
https://doi.org/10.1039/D3MD00479A
https://doi.org/10.1016/j.ejmech.2011.03.017


Arkivoc 2024 (8) 202412241  Rao, Y. J. et al. 

 

 Page 11 of 12 ©AUTHOR(S) 

        https://www.scholarsresearchlibrary.com/abstract/design-synthesis-and-biological-evaluation-of-

benzoxazole-derivatives-as-cyclooxygensase2-inhibitors-5906.html 

35. Zomorodian, K.; Khabnadideh, S.; Sakhteman, A.; Mirjalili, B. B. F.; Ranjbar, M.; Zamani, L. Farmacia 2020, 

68, 155-163. https://doi.org/10.31925/farmacia.2020.1.22.  

36. Šlachtová, V.; Brulíková, L. ChemistrySelect 2018, 3, 4653-4662.  

        https://doi.org/10.1002/slct.201800631.  

37. Yang, Z.; Fairfax, D. J.; Maeng, J. H.; Masih, L.; Usyatinsky, A.; Hassler, C.; Isaacson, S.; Fitzpatrick, K.; 

Deorazio, R. J.; Chen, J.; Harding, J. P.; Isherwood, M.; Dobritsa, S.; Christensen, K. L.; Wierschke, J. D.; Bliss, 

B. I.; Peterson, L. H.; Beer, C. M.; Cioffi, C.; Lynch, M.; Rennells, W. M.; Richards, J. J.; Rust, T.; Khmelnitsky, 

Y. L.; Cohen, M. L.; Manning, D. D. Bioorg. Med. Chem. Lett. 2010, 20, 6538-6541.  

        https://doi.org/10.1016/j.bmcl.2010.09.038.  

38. Angajala, G.; Subashini, R. Struct. Chem. 2020, 31, 263-273.  

        https://doi.org/10.1007/s11224-019-01374-1.  

39. Afzal, O.; Altamimi, A. S. A.; Shahroz, M. M.; Sharma, H. K.; Riadi, Y.; Hassan, M. Q. Molecules 2021, 26, 

2389.  

        https://doi.org/10.3390/molecules26082389.  

40. Singh, S.; Veeraswamy, G.; Bhattarai, D.; Goo, J. Il; Lee, K.; Choi, Y. Asian J. Org. Chem. 2015, 4, 1338-1361.  

        https://doi.org/10.1002/ajoc.201500235.  

41. Song, H.; Oh, S. R.; Lee, H. K.; Han, G.; Kim, J. H.; Chang, H. W.; Doh, K. E.; Rhee, H. K.; Choo, H. Y. P. Bioorg. 

Med. Chem. 2010, 18, 7580-7585. https://doi.org/10.1016/j.bmc.2010.08.047. 

42. Arulmurugan, S.; Kavitha, H. P.; Vennila, J. P. Mini Rev. Org. Chem. 2020, 18, 769-785.  

         https://doi.org/10.2174/1570193x17999201020231359.  

43. Zhang, W.; Liu, J.; Macho, J. M.; Jiang, X.; Xie, D.; Jiang, F.; Liu, W.; Fu, L. Eur. J. Med. Chem. 2017, 126, 7-14.  

        https://doi.org/10.1016/j.ejmech.2016.10.010.  

44. Al-Soud, Y. A.; Al-Sa’doni, H.; Amajaour, H. A. S.; Al-Masoudi, N. A. Z. Naturforsch. B2007, 62, 523-528.  

        https://doi.org/10.1515/znb-2007-0406. 

45. Song, M. X.; Huang, Y.; Wang, S.; Wang, Z. T.; Deng, X. Q. Arch Pharm (Weinheim) 2019, 352, 1800313.  

        https://doi.org/10.1002/ardp.201800313.  

46. Cheerala, V. S. K.; Ghanta, P.; Neelakantan, S. C. RSC Adv. 2021, 11, 39328-39342.  

        https://doi.org/10.1039/D1RA07504G 

47. Jadhav, R. K.; Nikumbh, A. B.; Karale, B. K. Oriental J. Chem. 2015, 31, 967-972.  

        https://doi.org/10.13005/ojc/310242. 

48. Arakawa, K.; Inamasu, M.; Matsumoto, M.; Okumura, K.; Yasuda, K.; Akatsuka, H.; Kawanami, S.; Watanabe, 

A.; Homma, K.; Saiga, Y.; Ozeki, M.; Iijima, I. Chem. Pharm. Bull. 1997, 45, 1984-1993.  

        https://doi.org/10.1248/cpb.45.1984.  

49. Sampson, D.; Zhu, X. Y.; Eyunni, S. V. K.; Etukala, J. R.; Ofori, E.; Bricker, B.; Lamango, N. S.; Setola, V.; Roth, 

B. L.; Ablordeppey, S. Y. Bioorg. Med. Chem. 2014, 22, 3105-3114. 

         https://doi.org/10.1016/j.bmc.2014.04.026. 

50. Johnson, S. M.; Connelly, S.; Wilson, I. A.; Kelly, J. W. J. Med. Chem. 2008, 51, 260-270.  

        https://doi.org/10.1021/jm0708735. 

51. Abbhi, V.; Piplani, P. Curr. Med. Chem. 2018, 27, 2222-2256.  

        https://doi.org/10.2174/0929867325666181031102829.  

52. Viegas-Junior, C.; Danuello, A.; da Silva Bolzani, V.; Barreiro, E. J.; Fraga, C. A. M. Curr. Med. Chem. 2007, 14, 

1829-1852. https://doi.org/10.2174/092986707781058805 

https://www.scholarsresearchlibrary.com/abstract/design-synthesis-and-biological-evaluation-of-benzoxazole-derivatives-as-cyclooxygensase2-inhibitors-5906.html
https://www.scholarsresearchlibrary.com/abstract/design-synthesis-and-biological-evaluation-of-benzoxazole-derivatives-as-cyclooxygensase2-inhibitors-5906.html
https://doi.org/10.31925/farmacia.2020.1.22
https://doi.org/10.1002/slct.201800631
https://doi.org/10.1016/j.bmcl.2010.09.038
https://doi.org/10.1007/s11224-019-01374-1
https://doi.org/10.3390/molecules26082389
https://doi.org/10.1002/ajoc.201500235
https://doi.org/10.1016/j.bmc.2010.08.047
https://doi.org/10.2174/1570193x17999201020231359
https://doi.org/10.1016/j.ejmech.2016.10.010
https://doi.org/10.1515/znb-2007-0406
https://doi.org/10.1002/ardp.201800313
https://doi.org/10.1039/D1RA07504G
https://doi.org/10.13005/ojc/310242
https://doi.org/10.1248/cpb.45.1984
https://doi.org/10.1016/j.bmc.2014.04.026
https://doi.org/10.1021/jm0708735
https://doi.org/10.2174/0929867325666181031102829
https://doi.org/10.2174/092986707781058805


Arkivoc 2024 (8) 202412241  Rao, Y. J. et al. 

 

 Page 12 of 12 ©AUTHOR(S) 

This paper is an open access article distributed under the terms of the Creative Commons Attribution (CC BY) 

license (http://creativecommons.org/licenses/by/4.0/) 

 

 

http://creativecommons.org/licenses/by/4.0/

