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226 (3 H, s, Me), 3.77 3 H, s, MeO), 3.85 (3 H, s,
MeO), 7.24 (1 H, d, >J= 7.7 Hz, CH), 7.37 (1 H, t, *Jiy
=7.6 Hz, CH), 7.43 (1 H, t,°J="7.6 Hz, CH), 7.56 2 H,
d,*J=78Hz, 2 CH), 7.87 2 H, d, J=7.8 Hz, 2 CH),
796 (1 H, d, *J = 7.6 Hz, CH). *C NMR (125.7 MHz,
CDCls, 6 (ppm)): 21.5 (Me), 51.6 (MeO), 52.7 (MeO),
58.5(C), 59.6 (C), 111.3 (CH), 112.3 (CN), 113.4 (CN),
119.5 (C), 121.5 (CH), 123.7 (CH), 126.6 (2 CH), 131.4
(2 CH), 132.5 (CH), 133.7 (C), 134.6 (C), 1365 (C),
141.2 (C), 1435 (C), 146.7 (C), 147.3 (C), 1514 (C),
164.2 (C=0), 165.6 (C=0), 187.6 (C=0), 189.7 (C=0),
190.5 (C=0); EIMS (70 eV, m/z (%)):519 (M", 10), 475
(78), 31 (100); Anal. Caled for CooH;;N30; (519.47, w.
%), C: 67.05, H: 3.30, N: 8.09, found, C: 67.17, H: 3.42,
N: 8.23.
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FTIR (KB, iy, cm’'): 3268, 1739, 1725, 1698, 1489,
1386 and 1295; "H NMR (500 MHz, CDClL, 6 (ppm)):
128 3 H, t, *Jiyy = 7.4 Hz, Me), 2.85 2 H, q, *Jin =
7.4 Hz, CH,), 3.76 (3 H, s, MeO), 3.85 (3 H, s, MeO),
724 (2 H,d,*J=78Hz 2 CH), 736 (1 H, d, *Jiy =
7.6 Hz, CH), 7.45 (1 H, t,J = 7.6 Hz, CH), 7.53 (1 H,
t,>J=7.6 Hz, CH), 7.85 2 H, d, *J= 7.8 Hz, 2 CH),
7.95 (1 H, d, *J=7.6 Hz, CH); "C NMR (125.7 MHz,
CDCls, 6 (ppm)): 15.7 (Me), 28.5 (CH,), 51.4 (MeO),
52.3 (MeO), 58.5 (C), 60.2 (C), 110.8 (CH), 111.5
(CN), 112.7 (CN), 120.3 (C), 121.8 (CH), 124.2 (CH),
1273 (2 CH), 131.5 (CH), 133.5 (C), 136.3 (2 CH),
137.6 (C), 140.5 (C), 143.6 (C), 144.7 (C), 147.6 (C),
148.5 (C), 151.4 (C), 162.8 (C=0), 163.5 (C=0), 187.6
(C=0), 189.7 (C=0), 190.5 (C=0). EIMS (70 eV, n/z
(%)): 533(M", 10), 489 (68), 31 (100); Anal. Calcd. for
C3oHoN;0; (533.50), C: 67.54, H: 3.59, N: 7.88,
found, C: 67.72, H: 3.74, N: 7.98.
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FTIR (KBr, Ve, cm’): 3345, 1736, 1727, 1587,
1486, 1392 and 1297; 'H NMR (500 MHz, CDCls,
d (ppm)): 3.18 (3 H, s, MeN), 3.82 (3 H, s, MeO),
3.84 (3 H, s, MeO), 3.91 (3 H, s, MeO), 6.92 — 6.99
(3H, m, 3 CH), 7.18 (1 H, t, >*J= 7.5 Hz, CH), 7.28
(1H,t,°J=75Hz CH), 744 2 H, d, *Jyy = 7.7
Hz, 2 CH), 10.23 (1 H, s, NH); °C NMR (125.7
MHz, CDCls, d (ppm)): 29.7 (MeN), 52.3 (MeO),
52.5 (MeO), 55.3 (MeO), 71.3 (C), 111.4 (CH),
114.0 (2 CH), 123.9 (CH), 124.8 (CH), 125.9 (C),
126.3 (C), 128.8 (CH), 128.9 (C), 129.5 (C), 131.0
(2 CH), 138.3 (C), 141.3 (C), 142.2 (C), 143.7 (C),
159.5 (C), 160.7 (C=0), 165.7 (C=0), 165.9
(C=0), 173.3 (C=0); EIMS (70 eV): m/z (%) =
487 (M*, 15), 31 (100); Anal. Calcd. for
CaH1N3O; (487.47, wt. %), C: 64.06, H: 4.34, N:
8.62, found, C: 64.18, H: 4.48, N: 8.83.
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FTIR (KB, Vi, cm™): 3235, 1739, 1727, 1589, 1487,
1368 and 1295; "H NMR (500 MHz, CDCls), & (ppm)):
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1323 (CH), 133.6 (CH), 134.0 (2 CH), 134.8 (C),
139.6 (C), 140.5 (C), 1423 (C), 1465 (C), 157.6 (C),
1635 (C=0), 187.6 (C=0), 1892 (C=0), 1914
(C=0); EIMS (70 eV, m/z (%)): = 461 (M", 15), 417
(84), 31 (100); Anal. Caled. for C,7H;sN3Os (461.10,
wt. %), C: 70.28, H: 3.28, N: 9.11, found (wt. %), C:
70.42, H: 3.43,N: 9.25.
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FTIR (KB, Vi, cm™): 3286, 1740, 1726, 1598, 1487,
1375 and 1287. '"H NMR (500 MHz, CDCl;, 6 (ppm)):
3.75 (3 H, s, Me0), 3.87 3 H, s, MeO), 7.06 2 H, d, *J
=7.8Hz, 2 CH), 7.36 (1 H, d, J=7.6 Hz, CH), 742 (1
H, t, >Jyy = 7.6 Hz, CH), 7.57 (1 H, 1, J = 7.6 Hz, CH),
7652 H,d,J=78Hz 2 CH), 7.8 (1 H,d,° /=76
Hz, CH), 8.12 (1 H, s, CH); °C NMR (125.7 MHz,
CDCL, 6 (ppm)): 52.5 (MeO), 55.6 (MeO), 57.2 (C),
59.5 (C), 110.6 (CH), 111.4 (CN), 112.7 (CN), 117.2 (2
CH), 118.7 (2 CH), 121.5 (CH), 122.7 (C), 123.6 (CH),
130.6 (C), 132.4 (CH), 134.5 (C), 140.2 (C), 141.7 (C),
1433 (C), 1465 (C), 1574 (C), 1585 (CH), 1652
(C=0), 1882 (C=0), 189.6 (C=0), 192.4 (C=0); EIMS
(70 eV, m/z (%)): 477 (M'15), 433 (64), 31 (100). Anal.
Calcd. for CyHsN3;Og (477.43, wt. %), C: 67.93, H:
3.17,N: 8.80, found (wt. %), C: 68.15, H: 3.32, N: 8.96.
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FTIR (KB, Vo, cm''): 3486, 1743, 1725, 1587, 1486,
1364 and 1297; "H NMR (500 MHz, CDCls, 6 (ppm)):
3.76 (3 H, s, Me0), 3.85 (3 H, s, Me0), 7.32 (1 H, d, *J

=7.6 Hz, CH), 7.42 (1 H, t, *Jyy = 7.6 Hz, CH), 7.56 (1
H,t,J=7.6 Hz, CH), 7.75 (2 H, d, >J=7.8 Hz, 2 CH),
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FTIR (KB, Vi, cm’'): 3285, 1738, 1725, 1597, 1476,
1387 and 1292; '"H NMR (500 MHz, CDCl,, 6 (ppm)):
1.15(3 H, t,°J=74Hz, Me), 1.32 3 H, t,>J =74 Hz,
Me), 2.27 3 H, s, Me), 4.15 (2 H, q,J = 7.4 Hz, CH,0),
4252H,q,J=74Hz CH,0),727 (1H,d,’J=76
Hz, CH), 7.34 (1 H, t, *Jiyy = 7.6 Hz, CH), 7.45 (1 H, t,°J
=7.6 Hz, CH), 7.56 2 H, d, >J="7.8 Hz, 2 CH), 7.94 (2
H, d,*J=7.8 Hz, 2 CH), 8.07 (1 H, d, >J= 7.6 Hz, CH);
3C NMR (125.7 MHz, CDCL, 6 (ppm)) 13.8 (Me), 14.0
(Me), 22.4 (Me), 58.6 (C), 61.3 (C), 61.5 (CH,0), 62.7
(CH,0), 110.6 (CH), 110.7 (CN), 111.5 (CN), 1203 (C),
121.5 (CH), 123.4 (CH), 126.3 (2 CH), 131.7 (2 CH),
132.5 (CH), 133.7 (C), 1352 (C), 136.5 (C), 141.3 (C),
143.7 (C), 146.5 (C), 147.4 (C), 150.2 (C), 164.3 (C=0),
165.7 (C=0), 187.2 (C=0), 189.4 (C=0), 191.4 (C=0);
EIMS (70 eV, m/z (%)): 547 (M",15), 489 (86), 45
(100); Anal. Calcd. for C3HyN;O; (547.14, wt. %), C:
68.00, H: 3.87, N: 7.67, found (wt. %), C: 68.18, H:
3.96,N: 7.83.
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FTIR (KBr, Vinay, cm™): 3285, 1742, 1726, 1587, 1496,
1374 and 1295; "H NMR (500 MHz, CDCL, 6 (ppm)):
2.36 (3 H,'s, Me), 3.87 (3 H, s, Me0), 7.34 (1 H, d, /=
7.6 Hz, CH), 7.45 (1 H, t, *Jiys = 7.6 Hz, CH), 7.56 (1
H,t,°/=7.6 Hz, CH), 7.63 (2 H, d,’J="7.8 Hz, 2 CH),
7.86 (2 H,d,>J=78Hz, 2 CH),7.98 (1 H,d,°/="7.6
Hz, CH), 8.28 (1 H, S, CH); “C NMR (125.7 MHz,
CDCls, § (ppm)): 21.9 (Me), 51.5 (MeO), 60.2 (C),
60.8 (C), 110.7 (CH), 111.3 (CN), 112.6 (CN), 121.4
(CH), 122.7 (C), 124.5 (CH), 127.3 (2 CH), 131.6 (C),
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Hz, CH); *C NMR (125.7 MHz, CDCl,, 6 (ppm)): 13.6
(Me), 14.2 (Me), 55.7 (MeO), 58.3 (C), 59.8 (C), 61.5
(CH,0), 62.7 (CH,0), 110.6 (CH), 111.6 (CN), 112.4
(CN), 1134 (2 CH), 1202 (2 CH), 121.7 (C), 122.7
(CH), 123.4 (CH), 131.6 (C), 136.2 (C), 137.4 (C), 141.5
(C), 1474 (C), 148.6 (C), 149.8 (C), 152.6 (C), 157.3
(C), 164.5 (C=0), 165.7 (C=0), 187.2 (C=0), 189.5
(C=0), 191.4 (C=0). EIMS (70 eV, m/z (%)): 563 (M",
15), 505 (76), 45 (100) Anal. Calcd. for C31H21N30g
(563.52, wt. %), C: 66.07, H: 3.76, N: 7.46, Found, C:
66.23,H: 3.92,N: 7.63.
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787 (2H,d,*J=78Hz 2 CH),7.96 (1 H,d,° /=76
Hz, CH); "C NMR (125.7 MHz, CDCl;, 6 (ppm)):
51.2 (MeO), 52.7 (MeO), 58.8 (C), 59.8 (C), 110.7
(CH), 111.4 (CN), 112.6 (CN), 120.3 (C), 121.5 (CH),
1242 (CH), 125.5 (2 CH), 127.3 (2 CH), 131.7 (CH),
133.5 (C), 136.5 (C), 141.2 (C), 143.6 (C), 1454 (C),
1473 (C), 148.5 (C), 1502 (C), 163.5 (C=0), 164.7
(C=0), 1862 (C=0), 188.5 (C=0), 1914 (C=0);
EIMS (70 eV, m/z (%)): 550 (M, 15), 506 (68), 31
(100). Anal. Caled. for CosH4N,Oy (550.08, wt. %), C:
61.10, H; 2.56, N: 10.18, found (wt. %), C: 61.24, H:
2.73,N: 10.32.
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Biosynthesis of Cu/FesO,@MWCNTSs magnetic nanocomposite using
the Petasits hybridus rhizome water extract and its application in the
synthesis of new spiropyrrolopyridine derivatives with antioxidant and
antimicrobial properties
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Abstract: In recent years, the use of plant extracts in the synthesis of metal
nanoparticles has attracted a lot of attention. In this research, the biosynthesis of
magnetic nanoparticles of Cu/Fe;04@MWCNTs MNCs was carried out using the
aqueous extract of the Petasites hybridus rhizome, which has a reducing and stabilizing
role. X-Ray diffraction (XRD), Field emission scanning electron microscopy (FESEM),
Energy-dispersive X-ray spectroscopy (EDS) and transmission electron microscopy
(TEM) were used to confirm the structure of the synthesized nanocatalyst. Magnetic
nanoparticles of Cu/Fe;04@MWCNTs MNCs as a high-performance catalyst for the
preparation of a new family of functionalized spiropyrrolopyridines with antioxidant
and antimicrobial properties through one-pot condensation reactions of isatin, primary
amines, ethyl 2,4-dioxo-4-aryl butanoate, ammonium acetate and electron deficient
acetylenic compounds were used in water as solvent at room temperature. The
antioxidant property of some compounds prepared using diphenyl-picrylhydrazine
(DPPH) radical was investigated. Also, in this research work, the antimicrobial activity
of the synthesized compounds was investigated in the vicinity of gram-positive and
gram-negative bacteria and compared with streptomycin and gentamicin as two standard
antibacterial drugs. Short reaction time, easy purification steps and high yield of
products are the advantages of this method.

Keywords: Heterogeneous organometallic catalyst, Aqueous extract of the Petasits
hybridus rhizome, Isatin, Activated acetylenic compounds.
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