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a b s t r a c t 

Ethyl-2-cyano-2-(2-(3-nitrophenyl)hydrazono)acetate was synthesized and used as a versatile reagent for 

the synthesis of different heterocyclic compounds such as isoxazolone, pyrazolone, triazine, triazole and 

amide derivatives via its reactions with different nucleophiles. Conventional, microwave and grinding 

techniques were used for synthesis of the newly isolated derivatives. Various physical parameters were 

calculated from the percentage yield and reaction time in order to compare between the three tech- 

niques. The reported compounds were characterized by elemental analyses and different spectroscopic 

tools such as IR, 1 H NMR, 13 C NMR and mass spectrometry. The optimized molecular geometries of some 

selected compounds were investigated using the density functional theory (DFT/B3LYP) method with the 

use of double zeta plus polarization basis set 6–31 G (d,p) for the C, H, N, O and S atoms. The quantum 

global reactivity descriptors were also calculated and discussed. The antibacterial and cytotoxicity screen- 

ing of those compounds were performed to determine their therapeutic potential. Molecular docking of 

the compounds was also examined. The different biological studies as well as the molecular docking were 

correlated to each other, and supported that the compounds could bind to DNA, possibly, via intercalative 

mode and showed a various DNA binding potency. 

© 2022 Elsevier B.V. All rights reserved. 
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. Introduction 

Azo dyes are the most important synthetic coloring reagents 

idely used in industry for textile, printing and paper manufac- 

uring [1] . Azo compounds have harmful effects on humans and 

quatic environment and there are urgent demands for the elim- 

nation of them or convert them into useful and safe products. 

owever recently, azo dyes showed broad biological activities such 

s: anti-inflammatory, acaricidal, analgesic, anthelmintic, antago- 

ist, antiviral, antioxidant, herbicidal, anticancer, antimitotic, insec- 

icidal and antimicrobial activities [2–12] . On the other hand, syn- 

hetic heterocyclic compounds, such as nitrogen containing hetero- 

ycles, have proved to have diverse and significant therapeutic po- 

ential. Interest in these derivatives such as pyrazole, pyrazolone, 

riazine and triazole derivatives is stemmed from their promising 

pplications in industry and biology [13–27] . 

Green chemistry approach is the science of design of chemi- 

al processes that reduce or eliminate the generation of hazardous 

ompounds. It prevents pollution at the molecular level. The use 
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f microwave irradiation and grinding techniques in syntheses of 

hemical compounds are also branches of the green chemistry pro- 

esses. One-pot multicomponent organic reactions [28] have found 

o be an efficient tool for benign synthesis with the effectiveness 

or their productivity, facile execution and generation of highly di- 

erse products from easily available starting materials in a single 

peration. Therefore, such technique has drawn much more at- 

ention because of its environmentally safe, more convenient, and 

apid synthetic procedures that are highly desirable energy effi- 

ient. Compared with the conventional methods, microwave irra- 

iation and grinding methods are much more environmentally tol- 

rant and easily controlled. As an advantage, many organic re- 

ctions have been carried out in higher yield, shorter reaction 

ime, and cleaner and milder conditions [29–31] . Thus, this type of 

reen synthesis is now considered as significant process in organic 

hemistry because of its simplicity, mild conditions and economy. 

n this article, we report the reactions of ethyl-2-cyano-2-(2-(3- 

itrophenyl)hydrazono)acetate derivative ( 1 ) with some selected 

mino derivatives. The reactions were carried out using conven- 

ional thermal technique along with using one pot microwave ir- 

adiation and grinding methods. Different isolated products were 

btained with interesting structure features. Comparison between 

he consumed times and percentage yields, which resulting from 

https://doi.org/10.1016/j.molstruc.2022.132513
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he three techniques was performed. The obtained derivatives were 

haracterized by using different analytical and spectroscopic tech- 

iques. 

. Experimental 

.1. Reagents 

All chemicals and reagents were of analytical reagent grade and 

urchased from Sigma Aldrich. All the solvents were purified ac- 

ording to the standard methods. 

.2. Instrumentation 

Thin layer chromatography (TLC) was performed on pre-coated 

ilica gel plates (Merck Kiesel gel 60F 254 , BDH). Melting points 

ere determined on a digital Stuart SMP3 electric melting point 

pparatus and were uncorrected. Microwave reactor Anton Paar 

monowave 300) was used for microwave irradiation reactions us- 

ng borosilicate glass vials of 10 mL. IR measurements (cm 

−1 ) were 

erformed on a Perkin-Elmer 293 spectrophotometer using KBr 

isks. 1 H NMR and 

13 C NMR spectra were recorded on a Varian 

ercury 300 MHz spectrometer. Samples were dissolved in DMSO–

 6 with the use of TMS as an internal reference. Mass spectrometry 

easurements (EI, 70 eV) were carried out on a GC-2010 Shimadzu 

as chromatography mass spectrometer. Elemental microanalyses 

CHN) were performed on a Perkin-Elmer CHN-2400 analyzer. The 

ata were found to be in good agreement within ± 0.4% of the 

heoretical values. 

.3. Syntheses of the reported compounds 

In the following sections, the synthesis of the starting reagent 

thyl-2-cyano-2-(2-(3-nitrophenyl)hydrazono)acetate, 1 , will be 

iven, followed by detail procedures for the reactions of 1 with 

ome selected amino derivatives. 

.3.1. Ethyl-2-cyano-2-(2-(3-nitrophenyl)hydrazono)acetate (1) 

3-Nitro aniline (1.38 g, 10 mmol) was dissolved in 10 mL of 

0% aqueous HCl, and then cooled in an ice bath (5–10 °C). A cold 

queous solution of sodium nitrite (0.68 g, 10 mmol) was added 

ropwise with stirring. The formed diazonium salt was filtered 

nto a cold solution of sodium acetate (4 g) and ethyl cyanoacetate 

1.13 mL, 10 mmol) in ethanol (25 mL). The reaction mixture was 

tirred for 1 h. The product was recrystallized from ethanol to yield 

ff-white crystals (m.p. 120–122 °C). C 11 H 10 N 4 O 4 (262.22); Calcd.: 

, 50.38; H, 3.84; N, 21.37. Found: C, 50.42; H, 3.79; N, 21.40. 

/z 263 ( P + , 17.52%). IR (cm 

−1 ): 3171 ( ʋNH ), 2222 ( ʋC ≡N ), 1741

 ʋC = O ), 1617 ( ʋC = N ), 1532 ( ʋas NO2 ), 1352 ( ʋs NO2 ). 
1 H NMR (300 MHz,

MSO–d 6 ) δ (ppm): 1.30 (t, 3H, CH 3 CH 2 ), 4.30 (q, 2H, CH 3 CH 2 ), 

.60–8.23 (m, 4H, Ar-H), 9.54 (s, 1H, NH, D 2 O exchangeable). 13 C 

MR (300 MHz, DMSO–d 6 ) δ (ppm): 14.0 (CH 3 ), 61.7 (CH 2 ), 102.7 

CH, Ar), 110.7 (C = N), 118.6 (CN), 119.3 (CH, Ar), 121.8 (CH, Ar), 

22.1 (CH, Ar), 130.7 (C 

–NH), 148.3 (C 

–NO 2 ), and 159.3 (C = O). 

.3.2. 3-Amino-4-(2-(3-nitrophenyl)hydrazono)isoxazol-5(4H)-one (2) 

A mixture of compound 1 (2.62 g, 10 mmol), hydroxylamine hy- 

rochloride (0.69 mL, 10 mmol), and anhydrous potassium carbon- 

te (1.38 g, 10 mmol) in ethanol (25 mL) was refluxed for 4 h. The

olution was left to cool and the formed solid was collected by fil- 

ration. The residue was washed several times with ethanol and 

he recrystallized from hot methanol to give orange crystals (m.p. 

80–182 °C). C 9 H 7 N 5 O 4 (249.19); Calcd.: C, 43.38; H, 2.83; N, 28.11.

ound: C, 43.44; H, 2.71; N, 28.03. m/z 250 ( P + , 19.94%). IR (cm 

−1 ):

520 ( ʋs NH2 ), 3429 ( ʋas NH2 ), 3287 ( ʋNH ), 1663 ( ʋC = O ), 1600, 1579

 ʋ ), 1532 ( ʋas ), 1348 ( ʋs ). 1 H NMR (300 MHz, DMSO–d )
C = N NO2 NO2 6 

2 
(ppm): 6.17 (s, 2H, NH 2 , D 2 O exchangeable), 7.44–8.17 (m, 4H, 

r-H), 13.21 (s, 1H, NH, D 2 O exchangeable). 13 C NMR (300 MHz, 

MSO–d 6 ) δ (ppm): 109.8 (CH, Ar), 111.8 (CH, Ar), 117.8 (CH, Ar), 

26.8 (CH, Ar), 130.4 (C = N), 145.6 (C 

–NH), 148.8 (C 

–NO 2 ), 156.1

H 2 N 

–C = N), 171.4 (C = O). 

.3.3. 5-Amino-4-(2-(3-nitrophenyl)hydrazono) −2,4-dihydro-3H- 

yrazol-3-one (3) 

Similar procedure was performed as used for 2 with the use of 

ydrazine hydrate (0.5 g, 10 mmol) to give brown crystals (m.p. 

24–226 °C). C 9 H 8 N 6 O 3 (248.20); Calcd.: C, 43.55; H, 3.25; N, 

3.86. Found: C, 43.49; H, 3.07; N, 33.74. m/z 24 9 ( P + , 32.6 8%). IR

cm 

−1 ): 3455 ( ʋas NH2 ), 3322 ( ʋs NH2 ), 3358 ( ʋNH ) 3201( ʋNH ), 1676

 ʋC = O ), 1620, 1577 ( ʋC = N ), 1534 ( ʋas NO2 ), 1352 ( ʋs NO2 ). 
1 H NMR

300 MHz, DMSO–d 6 ) δ (ppm): 5.97 (s, 2H, NH 2 , D 2 O exchange- 

ble), 7.49–8.41 (m, 4H, Ar-H), 9.42 (s, 1H, NH, D 2 O exchange- 

ble), 10.59 (s, 1H, NH, D 2 O exchangeable). 13 C NMR (300 MHz, 

MSO–d 6 ) δ (ppm): 109.6 (CH, Ar), 118.0 (CH, Ar), 121.6 (CH, Ar), 

25.6 (CH, Ar), 130.6 (C = N), 143.7 (C 

–NH), 148.8 (C 

–NO 2 ), 149.9

H 2 N 

–C = N), 158.2 (C = O). 

.3.4. 

,5 ′ -((1,4-Phenylenebis(methanylylidene))bis(azanylylidene))bis(4-(2- 

3-nitrophenyl)hydrazono) −2,4-dihydro-3H-pyrazol-3-one) (4) 

Similar procedure was performed as used for 2 with the use of 

erephthalaldehyde (1.34 g, 10 mmol) to give orange crystals (m.p. 

68–270 °C). C 26 H 18 N 12 O 6 (594.51); Calcd.: C, 52.53; H, 3.05; N, 

8.27. Found: C, 52.40; H, 3.19; N, 28.33. m/z 595 ( P + , 7.74%). IR

cm 

−1 ): 3298 ( ʋNH ), 1692 ( ʋC = O ), 1599, 1575 ( ʋC = N ), 1518 ( ʋas NO2 ),

351 ( ʋs NO2 ). 
1 H NMR (300 MHz, DMSO–d 6 ) δ (ppm): 6.75 −7.89 

m, 14H, Ar-H), 9.98 (s, 2H, 2NH, D 2 O exchangeable), 10.46 (s, 

H, 2NH, D 2 O exchangeable). 13 C NMR (300 MHz, DMSO–d 6 ) δ
ppm): 107.5 (CH, Ar), 108.3 (CH, Ar), 111.0 (CH, Ar), 111.7 (CH, 

r), 116.2 (CH, Ar), 116.6 (CH, Ar), 117.5 (CH, Ar), 118.5 (CH, Ar), 

20.1 (CH, Ar), 120.4 (CH, Ar), 121.3 (CH, Ar), 123.8 (CH, Ar), 124.8 

C, Ar), 128.7 (C, Ar), 129.0 (C = N), 129.2 (C = N), 129.5 (C = N),

29.8 (C = N), 130.6 (C 

–NH), 130.8 (C 

–NH), 146.0 (2 ∗C 

–NO 2 ), 148.4

H 2 N 

–C = N), 148.7 (H 2 N 

–C = N), and 151.7 (2 ∗C = O). 

.3.5. 5-Amino-4-(2-(3-nitrophenyl)hydrazono) −2-phenyl-2,4- 

ihydro-3H-pyrazol-3-one (5) 

Similar procedure was used as for 2 with the use of phenyl 

ydrazine (1.08 ml, 10 mmol) to give gray crystals (m.p. 202–

04 °C). C 15 H 12 N 6 O 3 (324.30); Calcd.: C, 55.56; H, 3.73; N, 25.92.

ound: C, 55.01; H, 3.79; N, 25.88. m/z 325 ( P + , 61.18%). IR (cm 

−1 ):

404 ( ʋNH ), 3319 ( ʋas NH2 ), 3167 ( ʋs NH2 ), 1662 ( ʋC = O ), 1619, 1590

C = N), 1527( ʋas NO2 ), 1349 ( ʋs NO2 ). 
1 H NMR (300 MHz, DMSO–

 6 ) δ (ppm): 5.95 (bs, 2H, NH 2 , D 2 O exchangeable), 7.55–8.24 (m, 

H, Ar-H), 12.35 (s, 1H, NH, D 2 O exchangeable), 12.89 (s, 1H, NH, 

 2 O exchangeable). 13 C NMR (300 MHz, DMSO–d 6 ) δ (ppm): 106.2 

CH, Ar), 110.4 (CH, Ar), 110.7 (CH, Ar), 110.9 (CH, Ar), 115.2 (CH, 

r), 118.6 (CH, Ar), 119.3 (CH, Ar), 121.2 (CH, Ar), 122.2 (CH, Ar), 

30.7 (C = N 

–N), 142.5 (C, Ar), 143.0 (C, Ar), 148.3 (C 

–NO 2 ), 159.8

C = N), and 160.3 (C = O). 

.3.6. 5-Amino-2-(2,4-dinitrophenyl) −4-(2-(3- 

itrophenyl)hydrazono) −2,4-dihydro-3H-pyrazol-3-one (6) 

A mixture of 1 (2.62 g, 10 mmol) and 2,4-dinitrophenyl hy- 

razine (1.98 g, 10 mmol) in acetic acid (30 mL) was refluxed 

or 5 h.The solid formed after cooling was collected by filtration, 

ashed with ethanol and recrystallized from acetic acid to give 

rown crystals (m.p. 266–268 °C). C 15 H 10 N 8 O 7 (414.29); Calcd.: C, 

3.49; H, 2.43; N, 27.05. Found: C, 43.55; H, 2.57; N, 26.89. m/z 

15 ( P + , 52.82%). IR (cm 

−1 ): 3337 ( ʋs NH2 ), 3147 ( ʋas NH2 ), 3115 ( ʋNH ),

659 ( ʋC = O ), 1617, 1586 ( ʋC = N ), 1510 ( ʋas NO2 ), 1332 ( ʋs NO2 ). 
1 H NMR

300 MHz, DMSO–d ) δ (ppm): 7.21–8.80 (m, 7H, Ar-H), 9.98 (s, 
6 
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H, NH, D 2 O exchangeable), 10.38 (s, 1H, NH, D 2 O exchangeable). 
3 C NMR (300 MHz, DMSO–d 6 ) δ (ppm): 110.4 (CH, Ar), 115.4 (CH, 

r), 122.9 (2 ∗CH, Ar), 129.5 (2 ∗CH, Ar), 129.9 (CH, Ar), 130.3 (C, Ar),

30.7 (C, Ar), 136.4 (C = N), 136.6 (C = N), 148.3 (C 

–NO ) , 148.5

2 ∗C 

–NO 2 ), and 169.1 (C = O). 

.3.7. 2-(3-Nitrophenyl) −5-oxo-3-thioxo-2,3,4,5-tetrahydro-1,2,4- 

riazine-6-carbonitrile (8) 

A mixture of 1 (2.62 g, 10 mmol) and thiourea (0.76 g, 

0 mmol.) in dioxane (30 mL) was refluxed for 6 h. After cool- 

ng, the reaction mixture was poured onto cold water, the solid 

ormed was collected by filtration, washed with ethanol and re- 

rystallized from ethanol to give orange crystal (m.p. 188–190 °C). 

 10 H 5 N 5 O 3 S (275.24); Calcd.: C, 43.64; H, 1.83; N, 25.44; S, 11.65.

ound: C, 43.55; H, 1.91; N, 25.37; S, 11.77. m/z 276 ( P + , 33.79%).

R (cm 

−1 ): 3272 ( ʋNH ), 2179 ( ʋC ≡N ), 1677 ( ʋC = O ), 1605 ( ʋC = N ), 1527

 ʋas NO2 ), 1374 ( ʋs NO2 ), 1335 (C = S). 1 H NMR (300 MHz, DMSO–d 6 )

(ppm): 7.36–7.95 (m, 4H, Ar-H). 13 C NMR (300 MHz, DMSO–d 6 ) 

(ppm): 112.0 (CH, Ar), 118.7 (CN), 125.8 (CH, Ar), 129.1 (CH, Ar), 

35.3 (CH, Ar), 136.1 (C, Ar), 145.2 (C 

–NO 2 ), 152.0 (C = N), 168.8

C = O), and 185.2 (C = S). 

.3.8. 2-(3-Nitrophenyl) −5-oxo-4-phenyl-3-thioxo-2,3,4,5- 

etrahydro-1,2,4-triazine-6-carbonitrile (10) 

Similar procedure was performed as used for 8 with the use 

f to give yellow crystals (m.p. 236–238 °C). C 16 H 9 N 5 O 3 S (351.34),

alcd.: C, 54.70; H, 2.58; N, 19.93; S, 9.13. Found: C, 54.84; H, 

.48; N, 20.08; S, 9.07. m/z 352 ( P + , 22.40%). IR (cm 

−1 ): 2221

 ʋC ≡N ), 1693 ( ʋC = O ), 1527 ( ʋas NO2 ), 1345 ( ʋs NO2 ), 1311 ( ʋC = S ). 1 H

MR (300 MHz, DMSO–d 6 ) δ (ppm): 7.32–8.33 (m, 9H, Ar-H). 13 C 

MR (300 MHz, DMSO–d 6 ) δ (ppm): 110.5 (CH, Ar), 110.8 (CH, Ar), 

11.1 (CH, Ar), 115.4 (CH, Ar), 118.7 (CN), 119.4 (CH, Ar), 121.9 (CH, 

r), 122.3 (CH, Ar), 130.9 (CH, Ar), 142.5 (CH, Ar), 143.4 (C, Ar), 

48.4 (C 

–NO 2 ), 153.1 (C, Ar), 159.8 (C = N), 160.5 (C = O) and 175.7

C = S). 

.3.9. 2-((3-Nitrophenyl)diazenyl) −2-(5-thioxo-2,5-dihydro-1H-1,2,4- 

riazol-3-yl)acetonitrile (13) 

Similar procedure was performed as used for 8 with the use of 

hiosemicarbazide (0.91 g, 10 mmol) in ethanol to give orange crys- 

als (m.p. 272–274 °C). C 10 H 7 N 7 O 2 S (289.27); Calcd.: C, 41.52; H,

.44; N, 33.89; S, 11.08. Found: C, 41.60; H, 2.37; N, 33.81; S, 11.21.

/z 290 ( P + , 7.79%). IR (cm 

−1 ): 3258, 3180 ( ʋNH ), 2184 ( ʋC ≡N ), 1639

 ʋC = N ), 1445 ( N = N ), 1523 ( ʋs NO2 ), 1342 ( ʋas NO2 ), 1293 (C = S).
 H NMR (300 MHz, DMSO–d 6 ) δ (ppm): 3.76 (s, 1H, CN CH C 

= N), 

.48 (s, 1H, NH, D 2 O exchangeable), 7.21–8.00 (m, 4H, Ar-H), 8.58 

s, 1H, NH, D 2 O exchangeable). 13 C NMR (300 MHz, DMSO–d 6 ) δ
ppm): 50.3 (CN 

–CH 

–C = N), 111.6 (CH, Ar), 116.7 (CN), 117.7 (CH, 

r), 126.7 (CH, Ar, 129.8 (CH, Ar), 148.6 (C 

–NO 2 ), 156.1 (C 

–N = N ),

67.0 (C = N), and 181.0 (C = S). 

.3.10. 2-((3-Nitrophenyl)diazenyl) −2-(5-oxo-2,5-dihydro-1H-1,2,4- 

riazol-3-yl)acetonitrile (14) 

Similar procedure was performed as used for 8 with the use 

f semicarbazide hydrochloride (1.11 g, 10 mmol.) and anhydrous 

otassium carbonate (1.38 g, 10 mmol) to give pale gray crys- 

als (m.p. 202–204 °C). C 10 H 7 N 7 O 3 (273.21); Calcd.: C, 43.96; H, 

.58; N, 35.89. Found: C, 43.88; H, 2.67; N, 35.93. m/z 273 ( P + ,
6.24%). IR (cm 

−1 ): 3225, 3193 ( ʋNH ), 2216 ( ʋC ≡N ), 1738 ( ʋC = O ),
600 ( ʋC = N ), 1504 ( ʋN = N ), 1525 ( ʋs NO2 ), 1332 ( ʋas NO2 ). 

1 H NMR

300 MHz, DMSO–d 6 ) δ (ppm): 3.01 (s, 1H, CN CH C 

= N, 4.24 (s, 1H,

H, D 2 O exchangeable), 7.26–8.38 (m, 4H, Ar-H), 8.83 (s, 1H, NH, 

 2 O exchangeable), 12.45 (s, 1H, OH, D 2 O exchangeable). 13 C NMR 

300 MHz, DMSO–d 6 ) δ (ppm): 51.9 (CN 

–CH 

–C = N), 110.9 (CH, 

r), 118.8 (CN), 121.9 (CH, Ar), 131.0 (CH, Ar), 143.0 (CH, Ar), 148.3 

C 

–NO ), 157.7 (C 

–N = N ), 160.4 (C = N), 162.4 (C = O). 
2 

3 
.3.11. General procedure for synthesis of compounds (15–19) 

A solution of 1 (2.62 g, 10 mmol) and anhydrous potassium car- 

onate (1.38 g, 10 mmol) in ethanol (25 mL) was refluxed for 3–

 h with either p -aminoazobenzene (1.97 g, 10 mmol), 2-amino- 

-hydroxypyridine (1.10 g, 10 mmol), 2-aminothiazole (1.00 g, 

0 mmol), 3-amine-5-phenyl-1H-pyrazole (1.59 g, 10 mmol), or 4- 

minoantipyrine (2.03 g, 10 mmol). The obtained solid was col- 

ected by filtration, washed with ethanol, and then recrystallized 

rom methanol. 

(a) 2-Cyano-2-((3-nitrophenyl)diazenyl)-N-(4-(phenyldiazenyl) 

henyl)acetamide (15) 

Yellow crystals (m.p. 180–182 °C). C 21 H 15 N 7 O 3 (413.40); Calcd.: 

, 61.02; H, 3.66; N, 23.71. Found: C, 60.89; H, 3.81; N, 23.69. 

/z 414 ( P + , 41.87%). IR (cm 

−1 ): 3166 ( ʋNH ), 2220 ( ʋC ≡N ), 1692

 ʋC = O ), 1527, 1468 ( ʋN = N ). 1 H NMR (300 MHz, DMSO–d 6 ) δ (ppm): 

.72 (s, 1H, CN CH CO), 7.63–8.30 (m, 13H, Ar-H), 12.41 (s, 1H, NH, 

 2 O exchangeable), 12.92 (s, 1H, OH, D 2 O exchangeable). 13 C NMR 

300 MHz, DMSO–d 6 ) δ (ppm): 58.3 (CN CH CO), 105.9 (CH, Ar), 

10.4 (2 ∗ CH, Ar), 110.8 (2 ∗ CH, Ar), 110.9 (2 ∗CH, Ar), 118.7 (CN), 

19.3 (2 ∗CH, Ar), 121.8 (2 ∗ CH, Ar), 122.2 (2 ∗ CH, Ar), 130.8 (C, Ar),

42.6 (C, Ar), 143.1 (2 ∗C 

–N = N ), 148.4 (C 

–NO 2 ), 160.3 (C = O). 

(b) 2-Cyano-N-(3-hydroxypyridin-2-yl) −2-((3-nitrophenyl) 

iazenyl)acetamide (16) 

Black crystals (m.p. > 300 °C). C 14 H 10 N 6 O 4 (326.27); Calcd.: C, 

1.54; H, 3.09; N, 25.76. Found: C, 51.48; H, 3.18; N, 25.81. m/z 327 

 P + , 24.07%). IR (cm 

−1 ): 3435 ( ʋNH ), 2222 ( ʋC ≡N ), 1696 ( ʋC = O ), 1619,

594 ( ʋC = N ), 1524 ( ʋN = N ). 1 H NMR (300 MHz, DMSO–d 6 ) δ (ppm): 

.82 (s, 1H, CN CH CO), 7.12–8.31 (m, 7H, Ar-H), 12.46 (bs, 4H, OH, 

 2 O exchangeable). 13 C NMR (300 MHz, DMSO–d 6 ) δ (ppm): 52.9 

CN CH CO), 104.7 (CH, Ar), 110.6 (CH, Ar), 110.8 (CH, Ar), 111.7 (CH, 

r), 118.5 (CN), 119.5 (CH, Ar), 122.3 (CH, Ar), 122.4 (CH, Ar), 130.8 

C, Ar), 144.5 (C 

–N = N ), 148.4 (C 

–OH & C 

–NO 2 ), and 161.5 (C = O).

(c) 2-Cyano-2-((3-nitrophenyl)diazenyl)-N-(thiazol-2- 

l)acetamide (17) 

Gray crystals (m.p. 258–260 °C). C 12 H 8 N 6 O 3 S (316.29); Calcd.: 

, 45.57; H, 2.55; N, 26.57; S, 10.14. Found: C, 45.44; H, 2.67; N, 

6.41; S, 10.22. m/z 317 ( P + , 38.52%). IR (cm 

−1 ): 3176 ( ʋNH ), 2222

 ʋC ≡N ), 1693 ( ʋC = O ), 1619 ( ʋC = N ), 1526 ( ʋN = N ). 1 H NMR (300 MHz,

MSO–d 6 ) δ (ppm): 3.84 (s, 1H, CN CH CO), 7.00–8.33 (m, 6H, Ar-H), 

2.54 (s, 1H, NH, D 2 O exchangeable). 13 C NMR (300 MHz, DMSO–

 6 ) δ (ppm): 52.7 (CN CH CO), 110.4 (CH, Ar), 110.7 (CH, Ar), 111.0 

CH, Ar), 118.6 (CN), 119.3 (CH, Ar), 121.8 (CH, Ar), 122.1 (CH, Ar), 

30.7 (C 

–NH), 143.2 (C 

–N = N ), 148.3 (C 

–NO 2 ), and 160 (C = O). 

(d) 2-Cyano-2-((3-nitrophenyl)diazenyl)-N-(3-phenyl-1H- 

yrazol-5-yl)acetamide (18) 

Yellow crystals (m.p. 170–172 °C). C 18 H 13 N 7 O 3 (375.35); Calcd.: 

, 57.60; H, 3.49; N, 26.12. Found: C, 57.49; H, 3.59; N, 25.99. m/z 

76 ( P + , 21.95%). IR (cm 

−1 ): 3299 ( ʋNH ), 2222 ( ʋC ≡N ), 1692 ( ʋC = O ),
599, 1575 ( ʋC = N ), 1493 ( ʋN = N ). 1 H NMR (300 MHz, DMSO–d 6 ) δ
ppm): 3.82 (s, 1H, CN CH CO), 5.81 (s, 1H, NH, D 2 O exchangeable), 

.22–8.24 (m, 10H, Ar-H), 11.29 (s, 1H, OH, D 2 O exchangeable). 13 C 

MR (300 MHz, DMSO–d 6 ) δ (ppm): 52.4 (CN CH CO), 87.5 (CH, Py- 

), 110.8 (CH, Ar), 112.0 (CH, Ar), 118.4 (CN), 112.5 (CH, Ar), 122.8 

CH, Ar), 124.4 (CH, Ar), 127.3 (CH, Ar), 128.6 (CH, Ar), 130.6 (CH, 

r), 130.8 (CH, Ar), 131.9 (C, Ar), 144.9 (C 

–NH), 145.4 (C 

–N = N ),

48.4 (C 

–NO 2 ), 152.9 (C = N, Py), and 161.1 (C = O). 

(e) 2-Cyano-N-(1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydro-1H- 

yrazol-4-yl) −2-((3-nitrophenyl)diazenyl)-acetamide (19) 

Gray crystals (m.p. > 300 °C). C 20 H 17 N 7 O 4 (419.40); Calcd.: C, 

7.28; H, 4.08; N, 23.38. Found: C, 57.37; H, 3.89; N, 23.26. m/z 420 

 P + , 13.09%). IR (cm 

−1 ): 3168 ( ʋNH ), 2220 ( ʋC ≡N ), 1691 ( ʋC = O ), 1617

 ʋC = N ), 1524 ( ʋN = N ). 1 H NMR (300 MHz, DMSO–d 6 ) δ (ppm): 3.31 

s, 3H, Py-CH 3 ), 3.84 (s, 1H, CN CH CO), 3.88 (s, 3H, N 

–CH 3 ), 7.62–

.33 (m, 9H, Ar-H), 12.34 (s, 1H, NH, D 2 O exchangeable). 13 C NMR 

300 MHz, DMSO–d 6 ) δ (ppm): 10.9 (CH 3 ), 32.2 (N 

–CH 3 ), 52.9 

CN CH CO), 105.9 (C-Py), 110.5 (CH, Ar), 111.0 (CH, Ar), 118.7 (CN), 
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19.4 (CH, Ar), 121.8 (CH, Ar), 121.9 (2 ∗CH, Ar), 122.3 (2 ∗CH, Ar),

30.9 C-Py), 142.6 (CH, Ar), 143.1 (C 

–N = N), 148.4 (C 

–NO 2 ), 159.8

C, Ar), 160.4 (C = O), and 160.9 (C = O). 

.4. Computational studies 

All calculations were carried out using Gaussian 09 W software 

ackage [32] with DFT (B3LYP) method using double zeta plus po- 

arization basis set 6–31 G (d,p) for C, H, N, O and S atoms. 

.5. Biological activity studies 

.5.1. Antimicrobial activity 

Some selected compounds were tested in vitro for their antibac- 

erial activities with the use of agar well diffusion method. Ex- 

erimental details of the investigations are as described previously 

33] . The antibacterial activity was screened against two bacterial 

trains ( E. coli and Bacillus subtilis ). Ampicillin used as standards 

or the antibacterial activity. The measurements were performed 

n triplicates for each compound, and their average values are re- 

orted. 

.5.2. Cytotoxicity screening 

Human liver carcinoma cell line (HepG2) and breast cancer cell 

ines (MCF7) were used for in vitro screening experiments for some 

f the reported compounds. The cancer cells were obtained frozen 

n liquid nitrogen ( −180 °C) from the American Type Culture Col- 

ection. The tumor cell lines were maintained in the National Can- 

er Institute, Cairo, Egypt, by serial sub-culturing. Cell culture cy- 

otoxicity assays were carried out as described in literature [34] . 

he experimental procedure of the investigations are as described 

reviously [35] . The sensitivity of the human tumor cell lines to 

hymoquinone was determined by the SRB assay. The percentage 

f cell survival was calculated as follows: 

Survival fraction = OD (treated cells) / OD (control cells) 

The IC 50 value is the concentration of thymoquinone required 

o produce 50% inhibition of cell growth. The results are compared 

ith a similar run of Doxorubicin as an antitumor drug. 

.6. Molecular docking of compounds 

The docking studies were performed using Molecular Operat- 

ng Environment (MOE) package version 2014.0901. X-ray crystal 

tructure of a B-DNA dodecamer d(CGCGAATTCGCG)2 running 30–

0 direction (PDB ID: 1BNA) at 1.9 Å resolution. The DNA structure 

as opened in MOE, hydrogen atoms were inserted and subse- 

uently energy optimization was carried out. The resulting model 

fforded to systematic conformational research with RMS gradient 

f 0.01 kcal/mol −1 using default parameters in the Site Finder tool 

mplicated in MOE software. 

. Results and discussion 

.1. Stereochemistry and chemical reactivity prediction 

The stereochemistry of some representative compounds namely, 

, 2, 3, 8, 13 and 17 were investigated by the hybrid density func- 

ional theory (DFT/B3LYP) using Gaussian 09 W software [32] . The 

tructural coordinates were optimized in gas phase and double- 

eta plus polarization basis set 6–31 G (d,p). In quantum chem- 

stry, the two frontier orbitals HOMO and LUMO, in the molecular 

rbital diagram of a chemical compound, have remarkable contri- 

ution where they play important role in predicting the electric 

nd optical properties of a molecule and the interaction with other 

pecies. They are also responsible for producing of the various 

harge transfer systems [36–38] . In order to investigate the most 
4 
table configuration of the compounds, It was focused first on the 

rientation of their functional groups with respect to each other 

nd with respect to either the central NH 

–N or N = N moiety. 

he energetically stable model of compound 1 with a minimiza- 

ion energy of 18.79 kcal/mol showed specific features, where the 

olecule is almost planar. For example, the dihedral angles of N5- 

6-C1-C2, N5-N6-C7-C8 and C1-O4-C15-C16 have 180 ° ( Table 1 , 

ig. 1 a ). The bond angles (C2-N5-N6 = 120.9 °, C7-N5-N6 = 120.7 °
nd C1-C2-O3 = 122.4 °) and bond lengths (N5-N6 = 1.33 Å, N5- 

2 = 1.32 Å, C1-O3 = 1.24 Å and C13-N14 = 1.18 Å) were found

o be in the reported normal range [39–41] . Notably, the C2-C13 

ond has partial π-bond character due to the possible conjugation 

n the molecule. Fig. 1 b shows the 2-D contour surface of the high-

st occupied molecular orbital (HOMO) and the lowest unoccupied 

olecular orbital (LUMO) as well as the charge distribution on the 

ifferent atoms of compound 1 . The charge distribution showed 

hat C2 and C13 involved in the cyano group has reasonable posi- 

ive charges (0.175 and 0.061), which made it susceptible for nucle- 

philic attack. In addition, the oxygen atom of the O 

–C 2 H 5 moiety 

as the highest negative charge ( −0.503) relative to the other oxy- 

en atoms in the molecule, which could facilitate elimination of an 

thanol molecule during the reported reactions. 

The optimized structure of 2 has a minimum en- 

rgy = 19.49 kcal/mol. The structure is almost planar (the 

ihedral angles of N16-C1-C6-C5, C2-C1-N16-O17 and N7-N8-C9- 

10 have the range 172.4–179.9 °). Also, the bond angles N7-N8-C9 

nd C5-N7-N8 have approximately 120 ° ( Table 1 ). In addition, 

he bond distances of N7-N8, N8-C9 and C10-O15 have similar 

alues as shown in 1 (1.33, 1.31 and 1.22 Å, respectively). On the 

ther hand, the bond length between C10 and the amino group 

N15) was found to be 1.22 Å. As can be seen from Fig. 2 , the

H proton performed intramolecular hydrogen bonding with the 

djacent nitrogen and has a distance of 2.04 Å. The NH 2 group also 

ormed hydrogen bond with the nitrogen atom of the isoxazolone 

ing. These finding are consistent with the signal broadening of 

oth NH and NH 2 observed in the 1 H NMR spectrum of 2 . The 

inimized structure of compound 3 showed similar structure 

eatures like compound 2 . The minimization energy was found to 

e 4.72 kcal/mol. This value is much less than that of 2 , which 

ould be due the extra hydrogen bond between the NH of the 

yrazolone and the adjacent carbonyl oxygen. The three hydrogen 

ond distances (H25-N13, H23-N8, H24-O15) are 2.6, 2.0 and 

.7 Å, respectively ( Table 1 , Fig. 2 ). It also accounts with the signal

roadening of the two NH signals in its 1 H NMR spectrum. 

Optimization of the structure of compound 8 to the minimum 

nergy (37.37 kcal/mol) gave a non-planar structure, Fig. 2 . The 

wo planes containing the nitrophenyl and the triazine moieties 

ere perpendicular to each other (dihedral angle of C8-S14-C3-C4 

quals to 89.2 °). In addition, the torsion angles of C8-S14-N7-C4 

nd C8-N7-C3-C4 were 55.5 and 66.5 °, respectively. On the other 

and, the bond distance in the cyano group (C15-N16) was found 

o be equal to that of compound 1 ( Table 1 ). The NH group formed

ntramolecular hydrogen bonding with the adjacent carbonyl oxy- 

en with a separation of 2.52 Å, which is consistent with the spec- 

roscopic findings. In case of compound 13 , the optimized struc- 

ure (minimized energy = 29.34 kcal/mol) showed that the O 2 N- 

h- and N = N 

–C- moieties are lying in one plane with dihedral

ngles approaches 180 °. On the other hand, the two planes involv- 

ng the triazole ring and the azo group were bent with dihedral 

ngles about 130 °, i.e. , the whole molecule is non-planar, Fig. 2 .

he bond angles around the azo and cyano groups ranged from 

10 to 123 ° (for example, N7-N8-C9, C6-C5-N7, C9-C10-N11 and 

10-C9-C19 were 112.1, 123.9, 121.4 and 112.5 °, respectively). The 

ond length of the azo group (N7-N8) was 1.26 Å, which is in 

he normal range as reported previously [ 42 , 43 ]. In addition, the 

ond separation of the C = S group was similar to that of com- 
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Table 1 

Selected bond lengths, bond angles and dihedral angles of the optimized structures by DFT calculations. 

Compound DFT data 

Bond length ( ̊A) Bond angle ( o ) Dihedral angle ( o ) 

1 N5-N6 

N5-C2 

C1-O3 

C13-N14 

1.33 

1.32 

1.24 

1.18 

C2-N5-N6 

C7-N5-N6 

C1-C2-O3 

120.9 

120.7 

122.4 

N5-N6-C1-C2 

N5-N6-C7-C8 

C1-O4-C15-C16 

180 

180 

180 

2 N7-N8 

N8-C9 

C10-O15 

C10-N15 

H24-N13 

1.33 

1.31 

1.22 

1.22 

2.04 

N7-N8-C9 

C5-N7-N8 

C9-C11-N14 

O17-N16-O18 

120.3 

120.8 

125.0 

124.1 

N16-C1-C6-C5 

C2-C1-N16- 

O17 

N7-N8-C9-C10 

179.9 

179.4 

172.4 

3 C5-N7 

N8-C9 

H25-N13 

H23-N8 

H24-O15 

1.41 

1.33 

2.63 

2.02 

2.70 

N7-N8-C9 

C5-N7-N8 

C11-C9-N8 

119.3 

120.8 

131.4 

C4-C5-N7-N8 

N7-N8-C9-C10 

C3-C4-C5-N7 

176.5 

174.0 

179.8 

8 C15-N16 

C8-S14 

C4-N7 

O13-H24 

1.22 

1.71 

1.45 

2.53 

C4-N7-N12 

N7-C8-S14 

N9-C10-O13 

113.6 

124.9 

122.4 

C8-S14-C3-C4 

C8-S14-N7-C4 

C8-N7-C3-C4 

89.2 

55.5 

66.5 

13 N7-N8 

C13-S15 

C9-N8 

C5-N7 

1.26 

1.69 

1.52 

1.43 

N7-N8-C9 

C6-C5-N7 

C9-C10-N11 

C10-C9-C19 

112.1 

123.9 

121.4 

112.5 

C6-C5-N7-N8 

N7-N8-C9-C19 

C9-C10-N11- 

H26 

N8-C9-C10- 

N12 

178.4 

105.6 

25.13 

134.3 

17 N7-N8 

C5-N7 

N8-C9 

N8-H28 

1.27 

1.43 

1.50 

2.14 

N8-C9-C10 

C5-N7-N8 

C10-N11-H28 

C10-N11-C13 

109.8 

116.7 

114.9 

N7-N8-C9-C10 

N7-N8-C9-C21 

N8-C9-C10- 

O12 

53.2 

112.4 

152.6 

Fig. 1. (a) The optimized geometry of 1; (b) The 2-D contour surface of the HOMO and LUMO and the charge distribution on the atoms of 1. 
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ound 8 (1.70 Å). The optimized structure of compound 17 (min- 

mized energy = 8.62 kcal/mol) displayed similar structure fea- 

ure to that of 13 . That, the two moieties O 2 N-Ph- and N = N 

–C-

re in one plane with dihedral angles approximate 180 °. However, 

he whole molecule is non-planar, where the two planes contain- 

ng the nitrophenyl- and thiazolylacetamide- parts are bent (dihe- 

ral angles of N7-N8-C9-C10, N7-N8-C9-C21 and N8-C9-C10-O12 

ere 53.2, 112.4 and 152.6 °, respectively). In addition, the bond 

ngles around the azo group, such as N8-C9-C10 and C5-N7-N8, 

ere 109.8 and 116.7 °, respectively. Also, the bond angle C10-N11- 

28 was 114.9 °, which explained the direction of the NH pro- 

on towards the azo group to perform hydrogen bonding with N8 

NH…N = N distance = 2.14 Å). On the other hand, the bond 

engths of the azo and cyano group were found to be similar to 

hose found in the other compounds like 1, 8 and 13 ( Table 1 ). 

r

5 
The global chemical reactivity parameters including HOMO, 

UMO, energy gap ( �E ), electronegativity ( X ), chemical potential 

 V ), electron affinity ( A ), ionization potential ( I ), chemical hardness

 η), chemical softness ( S ) and electrophilicity ( ω) of the investi- 

ated compounds are given in Table 2 [44] . The frontier molec- 

lar orbitals (HOMO and LUMO) energies were calculated by us- 

ng the DFT method (B3LYP), where HOMO orbital energy demon- 

trates the electron donating ability and the LUMO orbital energy 

haracterizes the electron withdrawing ability. The energy gap be- 

ween the two frontier orbitals displays the molecular chemical 

tability, which it is a crucial parameter for determining molecu- 

ar electrical transport properties. Smaller energy gaps reflect the 

asiness of the charge transfer (CT), and the polarization, which 

ccurs within the molecules [45] . Notably, compound 13 has the 

mallest energy gap. In addition, the electronegativity factor is a 

eflection for the electrostatic potential, where the electron par- 
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Fig. 2. The optimized geometries of the selected compounds. 

Table 2 

The global chemical reactivity descriptors for the investigated compounds. 

Parameter 1 2 3 8 13 17 

HOMO (eV) −6.98 −6.85 −6.21 −7.17 −5.80 −7.32 

LUMO (eV) −3.28 −3.24 −2.95 −3.70 −3.70 −3.53 

�E (eV) 3.70 3.61 3.27 3.47 2.10 3.79 

X (eV) 5.13 5.04 4.58 5.43 4.75 5.43 

V (eV) −5.13 −5.04 −4.58 −5.43 −4.75 −5.43 

A (eV) 3.28 3.24 2.95 3.70 3.70 3.53 

I (eV) 6.98 6.85 6.21 7.17 5.80 7.32 

η (eV) 1.85 1.80 1.63 1.73 1.05 1.90 

S (eV) 0.93 0.90 0.82 0.87 0.53 0.95 

ω (eV) 7.11 7.06 6.42 8.51 10.75 7.76 

Scheme 1. Formation of ethyl-2-cyano-2-(2-(3-nitrophenyl)hydrazono)acetate, 1. 
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was added to solution. 
ially transferred from one of lower electronegativity to another of 

igher electronegativity. The order of decreasing electronegativity 

f the derivatives was found to be: 8 = 17 > 1 > 2 > 13 > 3 .

oreover, the results of small chemical hardness values for the re- 

orted derivatives reflect the ability of charge transfer within the 

olecule. The order of increasing the charge transfer within the 

olecule is: 17 > 1 > 2 > 8 > 3 > 13 . 

.2. Spectroscopic studies 

The ethyl-2-cyano-2-(2-(3-nitrophenyl)hydrazono)acetate 

erivative ( 1 ) was synthesized through treatment of m-nitroaniline 

ith sodium nitrile then coupled with ethyl cyanoacetate 

 Scheme 1 ). The mass spectrum of 1 exhibited a peak in its

ass spectrum at m/z = 263 corresponding to the parent ion. The 

R spectrum of 1 showed characteristic bands due to the NH, C 

≡N, 

 = O, C = N, and NO 2 functional groups ( Fig. 3 ). In addition,

he 1 H and 

13 C NMR spectra of 1 were consistent with the given 
6 
tructure ( Figs. 4 and 5 ). Interestingly, the signal due NH in the 
 H NMR spectrum appeared as a broad singlet at 9.54 ppm and 

isappeared on the addition of D 2 O ( Fig. 4 ). 

Reaction of 1 with hydroxylamine hydrochloride in ethanol 

n presences of anhydrous potassium carbonate afforded the 3- 

mino-5-isoxazolone, 2 , ( Scheme 2 ). The derivative was formed 

hrough nucleophilic attack of the amino group of the hydroxy- 

amine on the cyanide group of 1 , followed by cyclization and 

limination of an ethanol molecule. The IR spectrum of 2 ( Fig. 

5 ) showed characteristic bands due to the NH 2 and NH groups 

t 3520, 3475 and 3287 cm 

−1 with the disappearance of the C 

≡N 

roup of 1 . In addition, the IR spectrum showed that the C = O

and was shifted to lower wavenumber (1663 cm 

−1 ). The 
 H NMR spectrum of 2 ( Figs. S6 and S7 ) displayed two distinct 

road signals at 13.21 and 6.17 ppm due to NH and NH 2 protons, 

espectively. This broadening could be due to hydrogen bonding 

etween the NH or NH 2 protons and adjacent nitrogen atoms. On 

he other hand, reaction of 1 with some selected amino derivatives 

such as hydrazine hydrate, phenyl hydrazine and 2,4-dinitrophenyl 

ydrazine) yielded the pyrazolone derivatives 3, 5, 6 ( Scheme 2 ). 

imilar to compound 2 , the reactions proceeded first with nucle- 

philic attack of the amino group of reagents on the cyano group 

f 1 , followed by formation of a pyrazolone ring with the removal 

f one molecule of ethanol. The structure of 3 was confirmed from 

ts 1 H NMR spectrum ( Figs. S10 and S11 ). It displayed two very 

road signals at 10.59 and 9.42 ppm due two different NH groups 

ith the possibility of H-bond formation. The latter signal is prob- 

bly due to the proton of NH of pyrazolone ring. The spectrum 

lso displayed a singlet at 5.97 ppm, which is corresponding to 

he NH 2 moiety. In addition, the structure of 3 was further sup- 

orted by carrying out its reaction with terephthalaldehyde in 2:1 

atio, where it afforded the corresponding bis-pyrazolone deriva- 

ive 4 ( Scheme 2 ). The mass spectrum of 4 showed a molecular ion

eak at m/z = 595 [ P + ] (7.74%). Furthermore, the 1 H NMR spectrum 

f 4 displayed two singlets at 10.46 and 9.98 ppm due to the NH 

roups. These signals disappeared from the spectrum when D 2 O 



K.E. Anwer, G.H. Sayed and R.M. Ramadan Journal of Molecular Structure 1256 (2022) 132513 

Fig. 3. IR spectrum of 1. 

Fig. 4. 1 H NMR spectrum of 1: (A) in DMSO; (B) in DMSO + D 2 O. 

7 



K.E. Anwer, G.H. Sayed and R.M. Ramadan Journal of Molecular Structure 1256 (2022) 132513 

Fig. 5. 13 C NMR spectrum of 1. 

Scheme 2. Formation of isoxazolone, 2, and pyrazolone derivatives, 3–6. 
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The IR spectrum of compound 5 ( Fig. S17 ) showed three broad 

edium bands at 3404, 3319 and 3167 cm 

−1 due to symmetric 

nd asymmetric stretching frequencies of NH 2 and stretching fre- 

uency of NH, respectively. On the other hand, the mass spectrum 

f 5 displayed a molecular ion peak at m/z 325 [ P + ] (61.18%). Also,

he mass spectrum showed peaks at 309, 298, 278 and 252 cor- 

esponding to [P-NH 2 ] 
+ , [P-CO] + , [P-NO 2 ] 

+ and [P-H 2 N 

–CN] + frag-

ents. Interestingly, the 1 HNMR spectrum of 5 ( Figs. S18 and S19 ) 

howed very broad signal at 5.95 ppm along with two broad sin- 

lets at 12.35 and 12.89 ppm due to the NH 2 and NH protons. 

he line broadening of these signals indicated hydrogen exchange 

etween the two groups through hydrogen bond formation. These 

ignals disappeared on the addition of D 2 O to the solution, which 

urther confirming of the proton exchange. Compound 6 gave sim- 

lar IR and 

1 H NMR spectra ( Figs. S21 –S23 ) like compound 5 . This

ould be attributed to their structure similarities, Scheme 2 . It is 

orth to mention that the signal of NH 2 group in the 1 HNMR 

pectrum of 6 , which was expected to appear around 6.0 ppm, col- 

apsed in the base line with the appearance of two broad signals at 

.98 and 10.38 ppm due to hydrogen exchange between the NH 2 

nd NH protons. These two signals showed shift to higher field 
8 
elative to those of 5 , probably due to the presence of two nitro 

roups in the phenyl ring attached to the pyrazolone ring. 

As previously reported [46] , we tried to synthesis the pyrimi- 

ine derivative 7 via the interaction of compound 1 with thiourea. 

owever, the 1,2,4-triazine derivative 8 was found to be the iso- 

ated derivative ( Scheme 3 ). Compound 8 probably formed through 

he speculated mechanism shown in Scheme 4 . Structure of com- 

ound 8 was elucidated on the basis of its elemental analysis and 

pectral data. The IR spectrum of 8 ( Fig. S25 ) exhibited bands at 

272, 2179, 1677 and 1605 cm 

−1 corresponding to the NH, C 

≡N, 

 = O and C = N functional groups, respectively. The mass spec- 

rum of 8 also confirmed the molecular structure as it showed 

 peak at m/z = 276 (33.79%) due to the molecular ion parent 

eak. Although the IR spectrum of 8 showed a peak due to NH 

roup, the 1 H NMR spectrum ( Fig. S26 ) displayed no signal due 

o that group. This is probably due to the formation of hydrogen 

onding with the adjacent carbonyl moiety [47] . Notably, reaction 

f compound 1 with phenyl isothiocyanate also gave the triazine 

erivative (5-oxo-3-thioxo-1,2,4-triazine-6-carbonitrile, 10 ). Com- 

ound 10 may be formed through a nucleophilic attack of NH 

roup of 1 on the isothiocyanate to give the intermediate 9 . Cy- 
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Scheme 3. Preparation of 1,2,4-triazine derivative, 8 and 10. 

Scheme 4. Mechanism of formation of 1,2,4-triazine derivative, 8. 
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lization through elimination of one molecule of ethanol yielded 

ompound 10 ( Scheme 3 ). 

Instead of the formation of the pyrazolone derivatives 11 and 

2 [48] , reactions of 1 with thiosemicarbazide and semicarbazide 

ydrochloride gave, interestingly, the unexpected 1,2,4-triazole 

erivatives 13 and 14 , respectively ( Scheme 5 ). The two derivatives 

 13 and 14 ) presumably formed first via nucleophilic attack of the 

H 2 group of carbazides on C = O of 1 , followed by removal of one

olecule of ethanol. Further nucleophilic attack of the other NH 2 

roup of carbazide on the C = O of 1 with the removal of a water
9 
olecule would form the two derivatives. The IR spectra of the two 

erivatives ( Figs. S33 and S37 ) revealed existence of bands corre- 

ponding to C 

≡N groups and the absence of υ C = O of ester. In

ddition, the mass spectra showed molecular ion peaks at m/z 290 

7.79%) and 274 (56.24%) confirming the molecular formulas of the 

wo compounds ( 13 and 14 ), respectively. The 1 H NMR spectra of 

3 and 14 gave further emphasis to their structures. The 1 H NMR 

pectrum of 13 ( Figs. S34 and S35 ) displayed two broad signals 

t 8.58 and 4.48 ppm due to the two NH groups of the triazole 

ing. Interestingly, the latter signal exerted higher field shift and 
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Scheme 5. Preparation of 1,2,4-triazole derivatives, 13 and 14. 

Fig. 6. 1 H NMR spectrum of 14: (A) in DMSO; (B) in DMSO + D 2 O. 
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ould be assigned to the NH group adjacent to the cyano moiety. 

n the other hand, the 1 H NMR spectrum of 14 ( Fig. 6 ) showed,

esides the two broad NH signals at 8.83 and 4.24 ppm, another 

road signal at 12.45 ppm, which could be assigned as an OH sig- 

al. All the three signals disappeared on the addition of D 2 O to 

he NMR solution ( Fig. 6 ). The line broadening of the signals con-

rmed the fluxionality of the compound, i.e. , the three protons are 

xchangeable. Thus, it can be concluded that compound 14 existed 

n solution with two isomeric keto and enol forms in equilibrium 

 Scheme 5 ). 

Interaction of compound 1 with 4-aminoazobenzene, 2- 

mino-3-hydroxypyridine, 2-aminothiazole, 3-amine-5-phenyl-1H- 

yrazole, and 4-aminoantipyrine afforded the amide derivatives 
10 
5–19 ( Scheme 7 ). The molecular formulas and structures of com- 

ounds were confirmed by using different analytical and spec- 

roscopic techniques. The IR spectra exhibited the corresponding 

ands of the different functional groups (see experimental sec- 

ion) Scheme 6 . However, the 1 H NMR spectra of compounds 16–

9 showed dramatic changes. The 1 H NMR spectrum of 15 ( Figs. 

42 and S43 ) showed two broad signals at 12.41 and 12.92 ppm, 

hich they disappeared on the addition of deuterium oxide. These 

road signals indicated the presence of keto/enol exchange in so- 

ution ( Scheme 7 ). On the other hand, the 1 H NMR spectrum of 

6 ( Figs. S46 and S47 ) showed only one broad signal (integra- 

ion equivalent to four protons) with a range of 11.4–13.4 ppm 

nd a signal average at 12.4 ppm. As indicated from Scheme 7 , 
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Scheme 7. Preparation of amide derivatives, 15–19. 

Scheme 6. Tautomeric keto/enol exchange in compound 14. 

t

t

t

S

i

a

N

p

1

t

c

f  

g  

c

a

s

here is a fast exchange between the OH and NH protons of the 

wo isomers in the NMR timescale. Because of this fast exchange, 

he expected four signals are averaged in one broad signal [49] . 

imilarly, the 1 H NMR spectrum of 17 ( Figs. S50 and S51 ) exhib- 

ted a broad signal (integration equivalent to two protons) with 

n average at 12.5 ppm and indicated fast exchange between the 

H and OH protons of the keto and enol forms. In case of com- 

ound 18 , the 1 H NMR spectrum showed two signals at 5.81 and 
11 
1.29 ppm. These two signals could be assigned for the NH pro- 

on of the pyrazole ring and OH proton, respectively. Therefore, it 

an be concluded that compound 18 existed in solution as an enol 

orm ( Scheme 7 ). Interestingly, the IR spectrum for 18 ( Fig. S53 )

ave bands at 3299, 3024 and 1692 cm 

−1 for NH and C = O, which

onfirmed the presence of keto form in solid state. Compound 19 , 

lso, behaved similarly like compound 18 . Its 1 H NMR spectrum 

howed only a signal at 12.34 ppm for OH proton in an enol form. 
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Table 3 

Comparison between the physical data of the synthesized compounds under thermal, grinding and microwave reaction conditions. 

Compound ∗ Time (min) % Yield YE RME OE 

AE 
Th. G. M.W. Th. G. M.W. Th. G. M.W. Th. G. M.W. Th. G. M.W. 

1 60 — — 57 — — 0.95 — — 62.46 — — 84.75 — — 73.70 

2 240 8 1 61 84 93 0.2542 10.50 93.00 30.94 40.61 44.97 58.28 76.49 84.71 53.09 

3 180 9 2 62 80 94 0.3444 8.89 47.00 42.95 55.41 65.12 54.04 69.72 81.93 79.48 

4 120 10 2 59 77 91 0.4917 7.70 45.50 51.84 67.66 79.96 54.98 71.76 84.80 94.29 

5 240 8 3 57 79 95 0.2375 9.88 31.67 38.80 53.77 64.66 44.26 61.33 73.75 87.67 

6 300 9 4 60 83 90 0.2000 9.22 22.50 47.77 66.08 71.65 53.08 73.42 79.61 90.00 

8 360 — — 61 — — 0.1694 — — 39.75 — — 48.86 — — 81.36 

10 480 7 1 59 81 94 0.1229 11.57 94.00 43.05 59.11 68.59 48.69 66.86 77.58 88.41 

13 300 — — 62 — — 0.2067 — — 44.91 — — 54.86 — — 81.87 

14 300 — — 64 — — 0.2133 — — 31.37 — — 58.72 — — 53.42 

15 180 9 3 66 79 92 0.3667 8.78 30.67 42.39 50.74 59.09 61.27 73.34 85.41 69.18 

16 300 10 4 59 80 93 0.1967 8.00 23.25 34.59 46.91 54.53 54.11 73.39 85.31 63.92 

17 480 13 4 61 83 95 0.1271 27.67 23.75 35.30 48.04 54.98 55.85 76.01 86.99 63.20 

18 240 8 2 62 86 91 0.2583 10.75 45.50 38.43 53.31 56.40 57.29 79.47 84.08 67.08 

19 300 9 2 60 87 93 0.2000 9.67 46.50 38.74 56.17 60.04 55.75 80.83 86.40 69.49 

∗ Th., thermal; G, grinding; M.W., microwave irradiation; YE, yield economy; RME, reaction mass efficiency; OE, optimum efficiency; AE, atom economy. 
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he IR spectrum indicated the existence of keto form in the solid 

tate. 

.3. Comparison between convention, microwave and grinding 

eactions 

The green chemistry approach is the science of design of chem- 

cal processes that reduce or eliminate the generation of hazardous 

ompounds. Thus, it prevents pollution at the molecular level. The 

se of microwave irradiation and grinding techniques in syntheses 

f chemical compounds are also branches of the green chemistry 

rocesses. Notably, microwave-assisted synthesis received much in- 

erest in many recent researches because the chemical transfor- 

ations within it are usually pollution-free, eco-friendly and of- 

er high yields together with simplicity in processing and handling 

 50 , 51 ]. In contradictory, thermal reactions with conventional tech- 

ique are slow and may be responsible for the possible decom- 

osition of products, substrates and reagents. Herein, the reported 

erivatives were synthesized via three different (thermal, grind- 

ng and microwave) techniques ( Table 3 ). In the following section, 

omparison between some physical data of those synthesized com- 

ounds isolated from grinding and microwave reactions with the 

onventional thermal reactions are given. (The reaction completion 

n the all three techniques was indicated by applying TLC method). 

omparison were in terms of yield economy (YE), atom economy 

AE), reaction mass efficiency (RME) and optimum efficiency (OE) 

o express the efficiency of the reactants to give the desired prod- 

ct. Yield economy is a metric to assess the conversion efficiency 

f the different synthetic techniques of the same reaction. YE mea- 

ures how much yield of a desired product is obtained over a cer- 

ain reaction time and is calculated from the equation: YE = [% 

ield / Reaction time (min)]. A higher YE is indicative of a higher 

evel of conversion, more efficient chemical process, and more eco- 

omical reaction. RME is measured by the mass of the isolated 

roduct divided by the mass of reactants. AE gives the theoreti- 

al maximum efficiency of reactant utilization. OE is used for the 

irect comparisons of two reaction types and is derived from the 

elation between RME and AE (RME/AE × 100). Details of the cal- 

ulations of these parameters are previously reported [ 52 , 53 ]. As 

an be seen from Table 3 , the percentage yield obtained from mi- 

rowave and grinding reactions are higher than that obtained from 

he conventional thermal reactions. Notably, the% yield obtained 

rom the microwave-assisted synthesis approached stoichiometric 

ompletion. In addition, the microwave and grinding reactions af- 

orded better reaction mass efficiency and optimum efficiency than 

hose of thermal reactions. 
12 
.4. Biological activity studies 

.4.1. Antibacterial activity 

The in vitro antibacterial activities of some selected derivatives 

 2, 3, 8, 13 and 17 ) were screened against two bacteria ( E. coli and

acillus subtilis ), and compared with Ampicillin as an antibacterial 

rug. The inhibition zone (mm) and percentage activity index of 

he tested compounds are tabulated in Table 4 . The percentage ac- 

ivity index was calculated using the following formula: 

 Act i v it y index = 

Zone of inhibition by t est ed compound 

Zone of inhibition by s tan dard 

The results indicated moderate antibacterial activities for the 

ested derivatives with respect to the standard. Such activities 

an be explained by the cell permeability concept [54] . The data 

howed that the screened compounds have the capacity of inhibit- 

ng the metabolic growth of the investigated bacteria to different 

xtents, which may indicate broad-spectrum properties. The activ- 

ty of these compounds may arise from the presence of NH, CN 

nd C = O groups. The mode of action may involve formation of 

ydrogen bonding between those functional groups and the active 

enters of the cell constituents, leading to interference with the 

ormal cell process [55–57] . As the cell membrane has been made 

rom lipid layers that are permeable only for lipid-soluble mate- 

ials. Therfore, the lipophilicity character plays an important fac- 

or that affect the bacteria inhibition. As a result, the decreased 

ipophilicity would thus depress the inhibition ability of the tested 

ompound. 

.4.2. In vitro cytotoxicity studies 

Cell viability study is the primary procedure to understand 

he cytotoxicity profile of any new chemical entity [58] . The 

hemotherapeutic potential of some of the reported compounds 

 2, 3, 8, 13 and 17 ) as promising anticancer agents was evalu- 

ted by measuring their abilities to inhibit two human cell lines 

liver carcinoma cell line, HePG-2, and breast cancer cell line, MCF- 

) using Doxorubicin as a reference drug control. Doxorubicin is a 

hemotherapy drug called an anthracycline. It slows or stops the 

rowth of cancer cells by blocking an enzyme called topo iso- 

erase 2. The IC 50 (concentration that produce 50% inhibition of 

ell growth) values of the tested compounds qualitatively deter- 

ine the strength of anticancer drug. It is well known that com- 

ounds that exhibit IC 50 values more than 30 μM are considered 

eak anticancer drugs while, those show IC 50 values lower than 

5 μM are believed to be moderate to strong antitumor agents 

59] . The IC values of the studied derivatives along with those 
50 
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Table 4 

In vitro antibacterial activities of the studied compounds. 

Compound 

E. coli Bacillus subtilis 

Inhibition zone (mm) % Activity index Inhibition zone (mm) % Activity index 

2 7 26.9 8 34.8 

3 10 38.5 12 52.2 

8 4 15.4 5 21.7 

13 14 53.8 11 47.8 

17 – – 3 13.0 

Ampicillin 26 100 23 100 

Table 5 

The IC 50 values of the reported compounds and the Doxorubicin standard. 

Compound In vitro cytotoxicity IC 50 (μM) 

HePG-2 MCF7 

2 45.93 ± 3.1 41.48 ± 2.9 

3 26.17 ± 2.2 32.29 ± 2.4 

8 63.08 ± 3.6 52.16 ± 3.3 

13 38.20 ± 2.7 19.35 ± 1.6 

17 74.56 ± 3.9 65.32 ± 3.5 

Doxorubicin 4.50 ± 0.2 4.17 ± 0.2 
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f the standard were determined and given in Table 5 . The com- 

ounds showed moderate to weak activities against the studied 

ell lines. Notably, the two compounds 3 and 13 exhibited bet- 

er IC 50 values relative to the other derivatives. The results re- 

ealed that the investigated compounds attenuated the two types 

f cancer cells proliferation in different selectivity, and the inhibi- 

ion effects were enhanced in a concentration dependent fashion. 

hese observations reflect the effect of the studied compounds on 
Fig. 7. The 2D and the 3D representations of the inte

13 
hanging the morphology of the cancer cell lines, and this behav- 

or may be associated to the higher DNA binding affinity and could 

resumably occur through the formation of charge transfer com- 

lexes or hydrogen bonding. Although the IC 50 values of the re- 

orted compounds are smaller than those of standard, further in 

ivo studies are required to evaluate the potency of these deriva- 

ives as antitumor reagents. 

.5. Molecular docking studies 

Molecular docking is a considerable approach to understand the 

nteraction between molecularly designed small compounds and 

iological targets. Analysis of the docking data is useful in predict- 

ng the conformational changes associated with residues, such as 

mino acids, at the binding position to accommodate the docked 

ydrophobic inhibitors. Some selected compounds ( 2, 3, 8, 13 and 

7 ) were subjected to molecular docking studies using the MOE 

ersion 2014.0901 to understand the compound-DNA interactions 

nd to explore the potential binding mode and energy. The docked 
raction of investigated compounds with DNA. 
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Table 6 

The molecular docking data of the reported compounds. 

Compound S (kcal/mol) rmsd value a Ligand-Receptor Interaction type 

Interaction 

distance, Å 

E 

(kcal/mol) 

2 - 4.712 1.33 O15-N2 (DG 4) 

5-ring-C4 ′ (DA 5) 

H-acceptor 

π -H 

3.03 

4.48 

−3.3 

−0.7 

3 −6.398 0.85 N14-N3 (DG 10) H-donor 3.41 −0.8 

8 −4.162 1.51 N20-N2 (DG 10) 

6-ring-C4 ′ (DC 11) 

6-ring-C4 ′ (DA 17) 

H-acceptor 

π -H 

π -H 

3.43 

3.96 

3.90 

−0.7 

−1.0 

−1.3 

13 −5.846 1.36 N14-O2 (DC 15) 

S15-N2 (DG 14) 

H-donor 

H-acceptor 

3.03 

3.51 

−4.8 

−1.0 

17 −5.683 1.28 S17-O4 ′ (DC 3) 

N22-N2 (DG 22) 

6-ring-C4 ′ (DG 4) 

O19-N2 (DG 4) 

H-donor 

H-acceptor 

π -H 

H-acceptor 

4.24 

3.31 

4.43 

3.38 

−0.5 

−3.0 

−0.6 

−0.8 
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igands conformations were rated according to the binding energy 

core, hydrogen bonding and hydrophobic interactions between the 

ompounds and a B-DNA (PDB ID:1BNA). The docking studies de- 

ermine the way by which the docked compounds fundamentally 

t in the DNA minor groove and comprise of hydrophobic, ionic, 

nd hydrogen bonding interactions with the DNA bases ( Fig. 7 ). 

he binding poses can be evaluated by a scoring function (S), 

hich determines the obtained poses. (Scoring functions are math- 

matical functions used to approximately predict the binding affin- 

ty between two molecules after they are docked). The score val- 

es are usually negative, and the more negative value implies that 

ocked ligand has higher binding affinity to the target. The investi- 

ated compounds showed good binding scores, with high negative 

alues. These negative values reflect high binding affinity between 

he DNA target and molecules indicating good efficiency of the 

ompounds as bioactive materials. The molecular docking data in- 

luding the score and rmsd values (the root mean square deviation, 

hich is the measure of the average distance between the docked 

toms), interaction type and energy are given in Table 6 . It was 

ound that the most of the optimal docking results were in the DG, 

C and DA regions of the DNA. The binding interactions came from 

ither hydrophobic interactions between the amino acid residues 

uch as DA, DC and DG with the aromatic moieties of the lig- 

nds or from the hydrogen bonds (H-donor, H-acceptor and π- 

) formed between the DNA residues and molecules ( Fig. 7 and 

able 6 ). The order of increasing of binding interaction is as fol- 

ows: 8 < 2 < 17 < 13 < 3 . Interestingly, this order is correlated

ith the antibacterial and cytotoxicity data of the compounds ( vide 

upra ). 

. Conclusion 

Conventional thermal synthesis as well as microwave and 

rinding green synthesis of some molecularly designed isoxa- 

olone, pyrazolone, triazine, triazole and amide derivatives were 

arried out. Comparison between the three reaction routs con- 

rmed the advantage of the one-pot synthesis over the traditional 

hermal technique. Spectroscopic studies showed different struc- 

ural features for these derivatives. 1 H NMR data revealed that 

ompounds, such as 2, 5, 8, 14 and 17 , displayed hydrogen bond- 

ng between the NH and NH 2 protons, and they were found to 

e exchangeable. Molecular geometry optimization and the calcu- 

ated quantum global descriptors of some compounds identified 

heir interesting geometrical configurations and reactivity. The ex- 

stence of H-bonding between the NH or NH 2 moieties in the op- 

imized structures confirmed the spectroscopic findings. Antibac- 

erial ( E. coli and Bacillus subtilis ) and cytotoxicity screening of 

wo human cell lines (HePG-2 and MCF-7) for some selected com- 

ounds suggested their potency as potential antibacterial and anti- 

umor reagents. Molecular docking of some compounds illustrated 
14 
heir possible performance as bioactive materials and their DNA 

inding potency. The tested compounds illustrated high negative 

inding scoring ( −4.162 to −6.398), which reflect the high binding 

ffinities towards the DNA receptor. 
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