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General Remarks

Solvents, reagents and chemicals were obtained from Merck (Germany) and Fluka 

(Switzerland) Chemical Companies.

Melting points were taken on a Kofler hot stage apparatus and are uncorrected. The IR 

spectra were obtained on a Nicolet Magna FT-IR 550 spectrophotometer (potassium bromide 

disks). Nuclear magnetic resonance spectra were recorded on a Brucker Bruker FT- 500 

spectrometers using tetramethyl silane (TMS) as internal standard in pure deuterated solvents.  

Chemical shifts are given in the δ scale in parts per million (ppm) and singlet (s), doublet (d), 

triplet (t), multiplet (m) and doublets of doublet (dd) are recorded. Mass spectra were recorded 

on an Agilent Technology (HP) mass spectrometer operating at an ionization potential of 70 

eV. The elemental analysis was performed with an Elemetar Analysen system GmbH VarioEL 

CHNS mode. Purification of all product were conducted by column chromatography on silica 

gel using petroleum ether and ethyl acetate as eluent.

Thin layer chromatography was carried out on silica gel 254 analytical sheets obtained from 

Fluka. Column chromatography was carried out on the column of silica gel 60 Merck (230-240 

mesh) in glass columns (2 or 3 cm diameter) using 15-30 grams of silica gel per one gram of 

the crude mixture. 

Transition electron microscope images were recorded on a HITACHI S-4160. 

Thermogravimetric analysis of the samples were recorded by TGA Q50 V6.3 Build 189 

instrument.

Preparation of the catalyst

Synthesis of SPIONs

SPIO nanoparticles was synthesized through the synthetic method reported by Mahmoudi 

et. al. with some modifications. 18 Briefly, two separate micro-emulsions was prepared 

included (micro A) toluene (29 mL) as oil phase and an aqueous solution of FeCl3.6H2O (202 

mg), FeCl2.4H2O (75 mg), and CTAB (1.8 g) in 2.045 mL of deionized water, and (micro B) a 

solution of CTAB (1.8 g) in 29 mL toluene as oil phase and 25% ammonium hydroxide solution 

(2.65 mL) as reducing agent and aqueous phase. Both of them was separately homogenised 

(7000 rpm) and 1-butanol was titrated into them (as co-surfactant for the formation of micro-

emulsion) until the solution was transparent. Micro A and B were mixed in a three-necked flask 
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using homogenizer (7000 rpm) at 50 °C and under constant flow of N2 gas (60 min). Then, 

obtained magnetic residual were thoroughly washed with boiling EtOH and separated by 

centrifugation (or by applying an external magnetic device). The obtained SPIONs was then 

dried under vacuum for 12 h at room temperature (r. t.).  

Preparation of β-CD@SPIONs

β-CD-Silane was synthesized via the hydrogen-transfer nucleophilic addition reaction 

between the end hydroxyl group of β-CD and 3-(triethoxysilyl) propyl isocyanate (TESPIC). 

10 mmol of β-CD was dissolved into 50 mL of dry pyridine with vigorous stirring under argon 

atmosphere at 70 °C. After stirring for 6 h, 10 mmol of TESPIC was added into the later 

solution. After 24 h, the solvent was removed by vacuum evaporation. The residue was washed 

three times with n-hexane, and then recrystallized from EtOH at 0 °C. The obtained β-CD-

silane was filtered at 0 °C and then dried at room temperature in vacuum. Then a solution of 

0.1 g of β-CD-silane in 30 mL of EtOH was added drop-wise to a vigorous stirring solution of 

50 mg of MNP in 30 mL EtOH/H2O (1:2) and HCl (pH = 4). After vigorous stirring for 24 h, 

the solution was filtered off and washed thoroughly with H2O and EtOH. The white residue 

was dried at 100 °C in vacuum for 12 h to obtain β-CD@SPIONs.

Immobilization of Cu onto β-CD@SPIONs

β-CD@SPIONs (0.5 g) was added to 50 mL NaOH (0.5 M) and stirred at r. t. for 30 min. 

Then, 75 mL of CuCl (0.04 M) was added to the later solution and was allowed to stir at r. t. 

for 12 h. The product was separated by an external magnet. Then it was washed with MeOH, 

water, and EtOH, and then air-dried at r. t. The [Cu@β-CD@SPIONs] nanocatalyst was 

obtained as a dark powder. 

General procedure for the synthesis of 1-benzyl-1-H-1,2,3-

Triazoldibenzodiazepinone Derivatives using catalytic amount of [Cu@β-

CD@SPIONs]

Dimedone (0.14 g, 1 mmol), o-phenylenediamine derivatives (1 mmol), 4-

propargyloxybenzaldehyde (1 mmol), (azidomethyl) benzene derivatives (1 mmol) and 

triethylamine (0.12 g, 1.2 mmol) was dissolved in 10 mL of H2O/EtOH (1:1). After 30 min, 50 

mg of [Cu@β-CD@SPIONs] was added and the reaction mixture was stirred for 24 h at r. t. 

The reaction completion was monitored by TLC using n-hexane/ethyl acetate (8:1). After 
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completion of the reaction, the magnetic catalyst was separated using an external magnet and 

the solvent was evaporated to give the crude product, which was purified by recrystallization 

from EtOH.
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Spectral data for products

NH

HN O N N
NO

M.p. = 124.3-125.5 °C; IR (KBr): υ = 3355, 3278, 1673, 1506 cm-1; 1H NMR (CDCl3, 500 

MHz): δ = 1.07 (3H, s), 1.14 (3H, s), 2.21-2.57 (4H, m), 5.05 (2H, s), 5.49 (2H, s), 5.89 (1H, 

s), 6.43 (1H, d, J = 8.0 Hz), 6.68-6.73 (4H, m), 6.96 (2H, d, J = 8.0 Hz), 7.05 (2H, dd, J1 = 8.0 

Hz, J2 = 1 Hz), 7.21-7.28 (3H, m), 7.35 (2H, d, J = 6.0 Hz), 7.42 (1H, s) ppm; 13C NMR (CDCl3, 

125 MHz): δ = 27.8, 28.1, 32.4, 37.4, 39.2, 54.1, 57.8, 62.1, 106.9, 114.5, 114.7, 118.8, 120.1, 

122.5, 122.8, 123.9, 128.1, 128.4, 128.8, 129.1, 132.8, 135.6, 136.1, 137.4, 158.1, 161.0, 190.9 

ppm; MS (70 eV): m/z = 506 (M+).

NH

HN O N N
NO

F

M.p. = 131.8-133.1 °C; IR (KBr): υ = 3345, 3282, 1685, 1506 1497 cm-1; 1H NMR (CDCl3, 

500 MHz): δ = 1.07 (3H, s), 1.14 (3H, s), 2.21-2.52 (4H, m), 5.05 (2H, s), 5.45 (2H, s), 5.88 

(1H, s), 6.41 (1H, d, J = 6.5 Hz), 6.68-6.73 (4H, m), 6.96 (2H, d, J = 8.5 Hz), 7.05 (2H, t, J = 

8.5 Hz), 7.24 (2H, dd, J1 = 8.5 Hz, J2 = 5 Hz), 7.30 (2H, d, J = 8.5 Hz), 7.42 (1H, s) ppm; 13C 

NMR (CDCl3, 125 MHz): δ = 27.8, 28.3, 32.3, 46.5, 49.8, 53.4, 57.6, 62.1, 106.6, 114.4, 116.1, 

116.2, 119.9, 121.4, 121.8, 122.4, 123.9, 128.4, 129.9, 130.0, 131.0, 132.1, 136.7, 139.6, 152.8, 

156.8, 164.9 (d, J = 248 Hz), 193.8 ppm; MS (70 eV): m/z = 524 (M+).
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NH

HN O N N
NO

NO2

M.p. = 141.6-142.4 °C; IR (KBr): υ = 3351, 3290, 1696, 1502, 1340 cm-1; 1H NMR (CDCl3, 

500 MHz): δ = 1.06 (3H, s), 1.13 (3H, s), 2.19-2.56 (4H, m), 5.06 (2H, s), 5.59 (2H, s), 5.87 

(1H, s), 6.40-6.42 (1H, m), 6.55 (1H, s), 6.67 (2H, d, J = 8.5 Hz), 6.70-6.72 (3H, m), 6.96 (2H, 

d, J = 8.5 Hz), 7.36 (2H, d, J = 8.5 Hz), 7.51 (1H, s), 8.19 (2H, d, J = 8.5 Hz) ppm; 13C NMR 

(CDCl3, 125 MHz): δ = 27.8, 28.3, 32.3, 46.5, 49.8, 53.4, 57.6, 62.1, 106.6, 111.7, 114.4, 119.9, 

121.3, 121.7, 122.8, 123.8, 124.3, 128.4, 128.6, 131.0, 137.0, 141.5, 145.2, 152.6, 156.6, 159.7, 

193.9 ppm; MS (70 eV): m/z = 551 (M+).

NH

HN O N N
NO

Cl
Cl

M.p. = 146.8-148.0 °C; IR (KBr): υ = 3354, 3281, 1677, 1502 cm-1; 1H NMR (CDCl3, 500 

MHz): δ = 1.07 (3H, s), 1.14 (3H, s), 2.21-2.58 (4H, m), 5.07 (2H, s), 5.64 (2H, s), 5.87 (1H, 

s), 6.40-6.43 (3H, m), 6.70-6.71 (3H, m), 6.97 (2H, d, J = 8.0 Hz), 6.99 (2H, d, J = 8.0 Hz), 

7.18 (1H, t, J = 8.0 Hz), 7.46 (1H, dd, J1 = 8.0 Hz, J2 = 1 Hz), 7.55 (1H, s) ppm; 13C NMR 

(CDCl3, 125 MHz): δ = 27.8, 28.2, 32.3, 46.4, 49.8, 51.9, 57.5, 62.0, 111.9, 114.4, 119.8, 121.2, 

121.7, 123.0, 123.8, 124.1, 127.9, 128.1, 128.3, 129.3, 130.9, 137.3, 137.5, 144.9, 145.5, 152.7, 

152.4, 156.7, 191.8 ppm; MS (70 eV): m/z = 574 (M+).
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NH

HN O N N
NO

M.p. = 147.1-148.4 °C; IR (KBr): υ = 3354, 3282, 1671, 1503 cm-1; 1H NMR (DMSO-d6, 

500 MHz): δ = 1.03 (3H, s), 1.08 (3H, s), 2.07 (1H, d, J = 16.0 Hz), 2.18 (1H, d, J = 16.0 Hz), 

2.27 (3H, s) 2.57 (2H, s), 4.96 (2H, s), 5.51 (2H, s), 5.87 (1H, s), 6.51-6.61 (3H, m), 6.73 (2H, 

d, J = 8.5 Hz), 6.92 (3H, d, J = 7.5 Hz), 7.00 (2H, d, J = 8.5 Hz), 7.15-7.20 (3H, m), 8.13 (1H, 

s) ppm; 13C NMR (CDCl3, 125 MHz): δ = 20.6, 27.4, 28.4, 31.7, 44.0, 49.5, 52.5, 55.2, 60.8, 

106.6, 110.5, 113.7, 119.3, 119.9, 120.4, 122.5, 124.2, 127.9, 128.2, 129.2, 130.8, 132.9, 137.1, 

138.6, 143.0, 154.5, 156.1, 191.8 ppm; MS (70 eV): m/z = 519 (M+).

NH

HN O N N
NO

Cl

M.p. = 123.2-124.0 °C; IR (KBr): υ = 3351, 3276, 1683, 1504 cm-1; 1H NMR (CDCl3, 500 

MHz): δ = 1.07 (3H, s), 1.14 (3H, s), 2.21 (1H, d, J = 16.0 Hz), 2.29 (1H, d, J = 16.0 Hz), 2.41 

(1H, d, J = 17 Hz), 2.57 (1H, d, J = 17 Hz), 5.06 (2H, s), 5.46 (2H, s), 5.89 (1H, s), 6.41 (1H, 

d, J = 7 Hz), 6.69-6.73 (6H, m), 6.97 (2H, d, J = 8.5 Hz), 7.11 (1H, d, J = 7.5 Hz), 7.24-7.33 

(2H, m), 7.44 (1H, s) ppm; 13C NMR (CDCl3, 125 MHz): δ = 27.8, 28.5, 32.3, 46.7, 49.4, 53.5, 

57.6, 62.1, 106.7 114.5, 116.7, 119.9, 121.9, 122.0, 122.5, 123.9, 126.1, 128.2, 128.4, 129.0, 

130.5 131.0, 133.0, 133.1, 133.2, 136.9, 147.1, 156.8, 192.0  ppm; MS (70 eV): m/z = 539 

(M+).
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NH

HN O N N
NO O

M.p. = 161.9-163.3 °C; IR (KBr): υ = 3349, 3274, 1688, 1505 cm-1; 1H NMR (CDCl3, 500 

MHz): δ = 1.07 (3H, s), 1.13 (3H, s), 2.20- 2.57 (4H, m), 3.61 (3H, s), 5.12 (2H, s), 5.47 (2H, 

s), 5.91 (1H, s), 6.54 (1H, d, J = 7.5 Hz), 6.61-6.65 (1H, m), 6.72-6.79 (3H, m), 6.95-7.02 (3H, 

m), 7.23-7.25 (3H, m), 7.34-7.35 (2H, m), 7.44 (1H, s) ppm; 13C NMR (CDCl3, 125 MHz): δ 

= 28.1, 28.3, 32.3, 37.9, 44.3, 48.6, 54.2, 57.3, 63.3, 106.0, 111.5, 114.0, 114.8, 116.1, 119.7, 

121.2, 122.7, 122.9, 123.3, 124.0, 128.1, 128.7, 129.1, 131.0, 133.4, 133.9, 135.9, 155.4, 161.7, 

193.9  ppm; MS (70 eV): m/z = 535 (M+).

NH

HN O N N
NO

F

M.p. = 142.5-143.6 °C; IR (KBr): υ = 3357, 3279, 1685, 1506 cm-1; 1H NMR (CDCl3, 500 

MHz): δ = 1.07 (3H, s), 1.14 (3H, s), 2.09 (3H, s), 2.10 (3H, s), 2.17-2.58 (4H, m), 5.05 (2H, 

s), 5.46 (2H, s), 5.86 (1H, s), 6.23-6.25 (2H, m), 6.54 (1H, d, J = 7 Hz), 6.69 (2H, d, J = 8.5 

Hz), 6.97 (2H, t, J = 8.5 Hz), 7.04 (2H, dd, J1 = 8.5 Hz, J2 = 5.5 Hz), 7.22-7.24 (2H, m), 7.43 

(1H, s) ppm; 13C NMR (CDCl3, 125 MHz): δ = 27.7, 32.3, 34.3, 46.5, 49.8, 51.6, 53.5, 57.4, 

62.1, 106.4, 114.4, 116.1, 116.2, 119.8, 122.1, 122.4, 124.7, 128.4, 129.6, 129.8, 130.0, 130.1, 

131.1, 133.6, 139.6, 152.9, 160.8 (d, J = 253 Hz), 193.7 ppm; MS (70 eV): m/z = 537 (M+).
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NH

HN O N N
NO

M.p. = 147.4-149.2 °C; IR (KBr): υ = 3349, 3280, 1671, 1502 cm-1; 1H NMR (CDCl3, 500 

MHz): δ = 1.06 (3H, s), 1.12 (3H, s), 2.10 (3H, s), 2.17-2.51 (4H, m), 5.05 (2H, s), 5.49 (2H, 

s), 5.82 (1H, s), 6.31 (1H, d, J = 8.5 Hz), 6.41 (1H, s), 6.54 (1H, d, J = 8.5 Hz), 6.70 (2H, d, J 

= 8.5 Hz), 6.97 (2H, d, J = 8.0 Hz), 7.35-7.37 (5H, m), 7.44 (1H, s) ppm; 13C NMR (CDCl3, 

125 MHz): δ = 21.2, 26.9, 29.0, 32.3, 46.4, 49.7, 54.2, 57.5, 62.1, 106.7, 114.5, 115.8, 117.6, 

121.9, 122.5, 128.1, 128.4, 128.8, 129.1, 130.4, 131.0, 133.3, 136.9, 136.9, 140.2, 152.7, 159.8, 

193.9 ppm; MS (70 eV): m/z = 519 (M+).

NH

HN O N N
NO

Cl

Cl

M.p. = 124.8-125.9 °C; IR (KBr): υ = 3353, 3276, 1682, 1501 cm-1; 1H NMR (CDCl3, 500 

MHz): δ = 1.07 (3H, s), 1.14 (3H, s), 2.21-2.58 (4H, m), 5.06 (2H, s), 5.58 (2H, s), 5.87 (1H, 

s), 6.41 (1H, d, J = 4.5 Hz), 6.50 (1H, s), 6.69-6.71 (3H, m), 6.97 (2H, d, J = 8.5 Hz), 7.08 (2H, 

m), 7.22 (2H, d, J = 8.5 Hz), 7.44 (1H, d, J = 2 Hz), 7.55 (1H, s) ppm; 13C NMR (CDCl3, 125 

MHz): δ = 27.8, 28.9, 32.3, 46.3, 49.8, 50.9, 57.5, 66.0, 106.0, 111.9, 114.4, 119.8, 121.2, 

121.7, 122.9, 123.8, 127.7, 128.3, 129.3, 129.8, 131.0, 131.1, 135.6, 137.3, 145.0, 152.8, 153.4, 

156.7, 193.8 ppm; MS (70 eV): m/z = 573 (M+).
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NH

HN O N N
NO

Cl

M.p. = 157.2-158.6 °C; IR (KBr): υ = 3349, 3274, 1683, 1505 cm-1; 1H NMR (CDCl3, 500 

MHz): δ = 1.07 (3H, s), 1.14 (3H, s), 2.21-2.59 (4H, m), 5.06 (2H, s), 5.63 (2H, s), 5.87 (1H, 

s), 6.39 (1H, d, J = 7 Hz), 6.69-6.72 (3H, m), 6.86 (2H, d, J = 8.0 Hz), 6.96 (2H, d, J = 8.0 Hz), 

7.15 (2H, d, J = 7.0 Hz), 7.29 (1H, d, J = 7.5 Hz), 7.41 (1H, d, J = 7.5 Hz), 7.53 (1H, s) ppm; 
13C NMR (CDCl3, 125 MHz): δ = 27.9, 28.9, 32.3, 49.8, 51.5, 55.6, 57.5, 62.0, 106.3, 111.9, 

114.4, 119.8, 121.2, 121.7, 122.9, 123.8, 127.6, 128.3, 129.9, 130.2, 130.3, 130.9, 137.0, 137.3, 

152,7 156.8, 194.0  ppm; MS (70 eV): m/z = 539 (M+).

NH

HN O N N
NO

F

M.p. = 117.7-119.4 °C; IR (KBr): υ = 3357, 3273, 1673, 1505 cm-1; 1H NMR (CDCl3, 500 

MHz): δ = 1.07 (3H, s), 1.14 (3H, s), 2.21-2.59 (4H, m), 5.06 (2H, s), 5.48 (2H, s), 5.87 (1H, 

s), 6.37 (1H, s), 6.40 (1H, d, J = 7.5 Hz), 6.69-6.71 (3H, m), 6.93 (2H, d, J = 8.5 Hz), 6.96 (2H, 

d, J = 8.5 Hz), 7.01-7.05 (3H, m), 7.31-7.35 (1H, m), 7.45 (1H, s) ppm; 13C NMR (CDCl3, 125 

MHz): δ = 27.8, 28.4, 32.3, 46.6, 49.8, 53.5, 57.5, 62.1, 106.3, 114.4, 114.9, 115.1, 115.7, 

115.9, 119.8, 121.2, 121.7, 122.5, 123.6, 123.8, 128.3, 130.8, 130.9, 137.0, 137.3, 145.0, 152.6, 

163 (d, J = 240 Hz), 156.7, 193.8 ppm; MS (70 eV): m/z = 523 (M+).
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NH

HN O N N
NO

Cl

Cl

M.p. = 173.6-175.0 °C; IR (KBr): υ = 3349, 3275, 1682, 1501 cm-1; 1H NMR (DMSO-d6, 

500 MHz): δ = 1.03 (3H, s), 1.08 (3H, s), 2.08, 2.58 (4H, m), 4.99 (2H, s), 5.60 (2H, s), 5.65 

(1H, s), 6.08 (1H, d, J = 7.5 Hz), 6.51-6.61 (3H, m), 6.74 (2H, d, J = 8.0 Hz), 6.93 (1H, d, J = 

8.0 Hz), 7.00 (2H, d, J = 8.0 Hz), 7.27 (1H, d, J = 8.0 Hz), 7.62 (1H, s), 8.23 (1H, s), 8.75 (1H, 

s) ppm; 13C NMR (DMSO-d6, 125 MHz): δ = 27.4, 28.4, 31.7, 44.0, 49.5, 51.3, 55.2, 60.8, 

106.8, 110.5, 113.7, 119.3, 119.9, 120.4, 122.5, 124.6, 128.2, 128.3, 130.1, 130.9, 131.1, 136.8, 

137.2, 138.6, 143.2, 146.8, 154.5, 156.0, 191.8 ppm; MS (70 eV): m/z = 573 (M+).

NH

HN O N N
NO

F

O

M.p. = 139.8-142.1 °C; IR (KBr): υ = 3359, 3275, 1678, 1506 cm-1; 1H NMR (CDCl3, 500 

MHz): δ = 1.07 (3H, s), 1.14 (3H, s), 2.21-2.58 (4H, m), 3.62 (3H, s), 5.12 (2H, s), 5.43 (2H, 

s), 5.87 (1H, s), 6.43 (1H, d, J = 6.5 Hz), 6.55 (1H, d, J = 8.0 Hz), 6.61 (1H, s), 6.71-6.74 (3H, 

m), 7.03 (2H, t, J = 8.5 Hz), 7.21-7.24 (2H, dd, J1 = 8.5 Hz, J2 = 5.0 Hz), 7.44 (1H, s) ppm; 13C 

NMR (CDCl3, 125 MHz): δ = 27.6, 29.0, 32.3, 49.8, 53.5, 55.8, 57.9, 63.3, 106.6, 111.4,  114.0, 

116.0, 116.2, 119.6, 119.9, 121.6, 121.9, 122.6, 124.0, 126.1, 131.0, 132.3, 136.2, 136.7, 139.7, 

152.8 (d, J = 238 Hz), 193.9 ppm; MS (70 eV): m/z = 553 (M+).

.
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NH

HN O N N
NO O

Cl

M.p. = 153.3-155.6 °C; IR (KBr): υ = 3351, 3283, 1679, 1501 cm-1; 1H NMR (CDCl3, 500 

MHz): δ = 1.07 (3H, s), 1.14 (3H, s), 2.20-2.58 (4H, m), 3.62 (3H, s), 5.13 (2H, s), 5.44 (2H, 

s), 5.88 (1H, s), 6.43 (1H, d, J = 7 Hz), 6.56 (1H, d, J = 8.0 Hz), 6.61 (1H, s), 6.71-6.75 (5H, 

m), 7.10 (1H, d, J = 7.5 Hz), 7.26-7.32 (2H, m), 7.47 (1H, s) ppm; 13C NMR (CDCl3, 125 

MHz): δ = 27.4, 28.7, 32.3, 49.8, 53.5, 55.7, 57.9, 63.3, 106.6, 111.4,  114.1, 116.0, 116.4, 

119.6, 119.9, 121.5, 121.9, 122.8, 124.0, 126.2, 128.2, 129.0, 130.4, 136.7, 139.7, 152.9, 193.9 

ppm; MS (70 eV): m/z = 569 (M+).
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