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Copper nanoparticles supported on manganese ferrite:
a novel recyclable nanocatalyst for highly efficient
synthesis of 1,4-disubstituted p-thiol-1,2,3- triazoles
from thiiranes in aqueous medium
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Abstract: A novel magnetic nanocomposite, MnFe,0./Cu, was synthesized by coating manganese ferrite
nanoparticles prepared via a solid-state method using hydrated Fe (I11) nitrate and Mn (1) salts in the presence of
NaOH and NaCl with copper nanoparticles, followed by calcination at high temperatures. The resulting nanocatalyst
was applied in a one-pot, three-component click reaction in aqueous medium. Various epoxides bearing electron-
donating and electron-withdrawing substituents reacted with thiourea under solid-phase conditions to produce the
corresponding thiiranes. Subsequently, thiiranes with alkyl, allyl, and aryl groups underwent ring-opening and
cycloaddition with phenylacetylene and sodium azide in the presence of MnFe,O4/Cu in water under reflux conditions
to afford g-thiol-1,2,3-triazole derivatives. The reaction progress was monitored by thin-layer chromatography (TLC),
and the effects of temperature, solvent, and catalyst amount were systematically studied. Optimal conditions were
identified as 0.03 g of catalyst at 100 °C in water, and the catalyst was successfully reused for four consecutive
cycles. The structure of the nanocomposite was characterized by EDS, FT-IR, SEM, and VSM, and the structures of
the triazoles were confirmed by melting point, 13C NMR, and tH NMR analyses. This study demonstrates an efficient,
green, and recyclable approach for the synthesis of g-thiol-1,2,3-triazoles from thiiranes under aqueous conditions.
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White solid: m.p. 122-124 °C, FT-IR (KBr): v/cm
13371, 3085, 3026, 2927, 2365, 1584, 1450, 1270,
1029, 762, 695; *H NMR (500 MHz, CDCls) § 7.78-
7.71 (m, 2H, Ar-H), 7.44-7.23 (m, 9H, Ar-H) 5.69
(dd,J =7, 4.5 Hz, 1H, CHN), 4.63 (dd, J =125, 5
Hz, 1H, CH), 4.23 (dd, J = 15, 5 Hz, 1H, CH>), 3.63
(bs, 1H, SH); 3C NMR (125 MHz, CDCl3) & 146.7
(=CN), 135.0 (NCH=), 128.1, 127.8, 127.2, 126.1,
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7.5 Hz, 3H, CHa); *C NMR (125 MHz, CDCls) §
147.3 (=CN), 130.3 (NCH=), 128.7, 128.0, 125.5,
121.1 (6 x ArC), 71.7 (CH2N), 55.9 (CHS), 27.4
(CH2), 9.8 (CHs3). HRMS (El) m/z calcd for
C12H15N3S 233.0987, found 233.0986.
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Yellow solid: mp. 74-75 °C, FT-IR (KBr): v/em™
3177, 2968, 2875, 2369, 2345, 1583, 1460, 1444,
1366, 1071, 767, 702; *H NMR (500 MHz, CDCls)
8 7.86 (s, 1H, NCH=C), 7.67-7.65 (m, 2H, Ar-H),
7.33-7.23 (m, 3H, Ar-H), 4.53 (dd, J = 14, 4 Hz, 1H,
CH:N), 4.34 (dd, J = 14, 7.5 Hz, 1H, CH2N), 4.21-
4.16 (m, 2H, OCH), 3.58-3.51 (m, 1H, CHO), 3.46-
3.35 (m, 2H, CHS overlapped with SH), 1.11 (d, J =
5 Hz, 6H, 2CH3); 3C NMR (125 MHz, CDCls) §
147.9 (=CN), 130.3 (NCH=), 128.7, 128.0, 125.5,
121.4 (6 x ArC), 72.3 (CHO), 69.2 (OCHy), 69.1
(CH2N), 53.4 (CHS), 21.9 (2 x CH3). HRMS (EI)
m/z caled for Ci14H1sN3OS 277.1249, found
277.1247.
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Pale green solid: m.p. 156-159 °C, FT-IR (KBr):

v/em™ 3305, 3094, 2936, 2853, 2364, 1586, 1440,
1236, 1055, 766, 698; *H NMR (500 MHz, CDCls3)
5 7.83 (s, 1H, NCH=C), 7.63-7.25 (m, 5H, Ar-H),
4.12-4.04 (m, 1H, CHN), 3.57-2.94 (m, 1H, CHS),
2.04-1.22 (m, 4 x CH2 overlapped with 1H, SH); *C
NMR (125 MHz, CDCls) 5 146.6 (=CN), 132.4
(NCH=), 130.2, 128.6, 127.9, 125.4, 119.8 (6 x
ArC), 72.5 (CHN), 67.2 (CHS), 28.6 (CHS), 33.8,
31.5,24.8, 24.0 (4 x CH2). HRMS (EI) m/z calcd for
C14H17N3S 259.1143, found 259.1143.
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Cream solid: mp. 70 °C, FT-IR (KBr): v/cm™ 3233,
3141, 2930, 2872, 2366, 1590, 1438, 1350, 1230,
1000, 767, 696; *H NMR (500 MHz, CDCl3) & 7.85
(s, 1H, NCH=C), 7.55-7.23 (m, 5H, Ar-H), 5.80-
5.87 (m, 1H, =CH), 5.22 (dt, J = 17, 1.2 Hz, 1H,
C=CH),5.14 (dt, J =10, 1.2 Hz, 1H, C=CHy), 4.55-

Y79

124.7,119.5 (10 x ArC), 66.2 (CHCHy), 28.6 (CH>).
HRMS (EIl) m/z calcd for CieHisN3S 281.0987,
found 281.0985.
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Milky solid: m.p. 113-114 °C, FT-IR (KBr): v/em
13302, 3086, 2919, 2873, 2365, 1587, 1638, 1599,
1497, 1474, 1466, 1303, 1044, 764, 752, 712, 691,
'H NMR (500 MHz, CDCls) & 7.86 (s, 1H,
NCH=C), 7.67-7.65 (m, 2H, Ar-H), 7.35-7.31 (m,
2H, OAr-Hm), 7.29-7.26 (m, 3H, Ar-Hmp), 7.00-
6.87 (m, 3H, OAr-Hop), 4.96 (bs, 1H, SH), 4.67 (dd,
J=13,5Hz, 1H, CH:0), 4.52 (dd, J = 13, 5 Hz, 1H,
CH;0), 4.47 (dd, 1H, J = 12.5, 5 Hz, CH2N), 4.08
(dd, 1H, J = 12.5, 5 Hz, CH2N), 4.05-3.72 (m, 1H,
CHS); 3C NMR (125 MHz, CDCl3) § 157.1 (=CN),
146.53, 129.1 (2 x ArC), 128.6, 128.5, 127.8, 127.1,
124.6, 120.5, 120.4 (10 x ArCH), 113.5 (NCH=),
67.8 (CH20), 52.2 (CH2N), 28.6 (CHS). HRMS (EI)
m/z calcd for Ci7H17N3OS 311.1092, found
311.1092.
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Mint white solid: m.p. 154-157 °C FT-IR (KBr):

v/em 3690, 3100, 2920, 2363, 2344, 1561, 1441,
1364, 1045, 764, 692, 668. 'H NMR (500 MHz,
CDCls3) 6 7.93 (s, 1H, NCH=C), 7.88-7.23 (m, 5H,
Ar-H), 4.61-4.41 (m, 2H, CH2N), 4.39-4.31 (m, 1H,
CHCI), 4.00-3.94 (m, 1H, CHCI), 3.90-3.37 (m,
1H, CHS), 2.07 (bs, 1H, SH); 3C NMR (125 MHz,
CDCls) 6 148.0 (=CN), 130.1 (ArC, NCH=), 128.9,
128.4,125.7, 117.6 (5 x ArCH), 55.9 (CH2N), 34.4
(CH2CI), 29.6 (CHS). HRMS (EI) m/z calcd for
C11H12CIN3S 253.0441, found 253.0442.
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White solid: m.p. 104-106 °C, FT-IR (KBr): v/em
13692, 3139, 2958, 2873, 2366, 2345, 1585, 1439,
1230, 1072, 765, 694; *H NMR (500 MHz, CDCl5)
0 7.83 (s, 1H, NCH=C), 7.68-7.23 (m, 5H, Ar-H),
4.49 (dd, J = 14, 5 Hz, 1H, CH2N), 4.24 (dd, J = 14,
8 Hz, 1H, CH2N), 4.09-4.04 (m, 1H, CHS), 3.43
(bs, 1H, SH), 1.61-1.55 (m, 2H, CH>), 1.06 (t, J =
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450 (m, 2H, CH20), 4.35 (dd, J = 15, 7 Hz, 1H,
CH2N), 4.26-4.23 (m, 1H, CH2N), 4.00-3.88 (m, 2H,
OCHy), 348-3.41 (m, 1H, CHS), 2.91 (bs, 1H, SH);
13C NMR (125 MHz, CDCl3) § 147.1 (=CN), 134.2
(NCH=), 130.2 (=CH), 128.7,128.0, 125.5, 121.5 (6
x ArC), 117.4 (=CH), 72.3 (OCHy), 71.2 (CH20),
69.0 (CH2N), 53.4 (CHS). HRMS (EI) m/z calcd for
C14H17N30S 275.1092, found 275.1094.
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Milky solid: mp. 86-92 °C, FT-IR (KBr): v/cm
3000, 2925, 2367, 1719, 1593, 1438, 1294, 1097,
762, 695; 'H NMR (300 MHz, CDCl3): § 7.86 (s,
1H, NCH=C), 7.66 -7.64 (m, 2H, Ar-H), 7.34-7.25
(m, 3H, Ar-H), 6.10 (d, J = 10 Hz, 1H, =CH), 5.93
(d,J=10Hz, 1H, =CH>), 4.48-4.12 (m, 2H, OCHy),
3.57 (m, 2H, CH2N), 3.66 (bs, 1H, SH), 3.33-3.32
(m, 1H, CSH), 2.05 (s, 3H, CHs); *C NMR (125
MHz, CDClz): 6 = 161.6 (C=0), 147.3 (=CN),
135.7 (C=), 128.9 (NCH=), 128.8, 128.2, 125.5,
121.6 (6 x ArC), 70.6 (OCHy), 63.6 (CH2N), 53.0
(CHS), 18.3 (CH3). HRMS (EI) m/z calcd for
C15H17N302S 303.1042, found 303.1045.
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Copper nanoparticles supported on manganese ferrite: a
novel recyclable nanocatalyst for highly efficient
synthesis of 1,4-disubstituted #-thiol-1,2,3- triazoles
from thiiranes in aqueous medium
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Abstract: A novel magnetic nanocomposite, MnFe.04/Cu, was synthesized by coating manganese ferrite
nanoparticles prepared via a solid-state method using hydrated Fe (I11) nitrate and Mn (1) salts in the presence of
NaOH and NaCl with copper nanoparticles, followed by calcination at high temperatures. The resulting nanocatalyst
was applied in a one-pot, three-component click reaction in aqueous medium. Various epoxides bearing electron-
donating and electron-withdrawing substituents reacted with thiourea under solid-phase conditions to produce the
corresponding thiiranes. Subsequently, thiiranes with alkyl, allyl, and aryl groups underwent ring-opening and
cycloaddition with phenylacetylene and sodium azide in the presence of MnFe;O4/Cu in water under reflux conditions
to afford p-thiol-1,2,3-triazole derivatives. The reaction progress was monitored by thin-layer chromatography (TLC),
and the effects of temperature, solvent, and catalyst amount were systematically studied. Optimal conditions were
identified as 0.03 g of catalyst at 100 °C in water, and the catalyst was successfully reused for four consecutive
cycles. The structure of the nanocomposite was characterized by EDS, FT-IR, SEM, and VSM, and the structures of
the triazoles were confirmed by melting point, 13C NMR, and tH NMR analyses. This study demonstrates an efficient,
green, and recyclable approach for the synthesis of s-thiol-1,2,3-triazoles from thiiranes under aqueous conditions.
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