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Activity of the catalyst was expressed as turn over frequency (TOF) and calculated from the moles 
of substrate converted per mole of Co contained in the catalyst using following equation (1):

                                                      (1)moles (Converted substrate)TOF
moles of Co (Active site) reaction time (h)




Determination of Mn that leached into the solution during the reaction 

According to our observations and based on the previously proposed mechanisms, manganese is 
converted to manganese (II) salt during the reactions (According to the XPS analysis of the 
mixture). For the coupling reactions, 0.005 mmol Mn has been used, which is activated with 0.65 
mmol TFAA (50 μL). This amount was used to prevent contamination of the magnetic 
heterogeneous catalyst with the metal Mn. Nevertheless, some Mn are found as a metallic form in 
the mixture (According to XPS analysis of the mixture, Fig. 9), which may be transformed to 
MnCl2 in the presence of the generated HCl during the reaction (Reaction equation 1, Scheme 3 & 
4). 

 
Mn (s) + 2HCl (aq) MnCl2 (aq) + H2 (1)

The reaction of Mn with TFAA not only activates the Mn metal for the coupling reactions, but 
also provides Mn(O2CCF2) (Chemische Berichte, 124(3), 515-517). By extraction of the mixture 
with Et2O (Experimental part), all manganese is transferred to the aqueous phase. Upon this 
hypothesis, ICP analysis was carried out for determining of the Mn present in the aqueous phase 
for the reaction of iodobenzene and n-butyl acrylate in the presence of the catalyst 9 (10 mg) and 
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Mn (0.005 mmol) in EtOH at reflux condition. After completion of the reaction and separation of 
the catalyst, the ICP results revealed 0.0048 mmol is present in the mixture, that is equal to the 
total Mn used in the reaction. Moreover, during extraction of the product, the ICP analysis of the 
organic layer showed no trace of manganese (Experimental section, General procedure for 
catalytic Heck and Sonogashira reaction catalyzed by Fe3O4@SiO2@Im[Cl]Co(III)-melamine 
nanocomposite). These results suggest that all manganese used in the reaction has been converted 
during the reaction to their corresponding Mn salts and transferred to the aqueous phase.
Assuming that MnCl2 is produced, it can be titrated with AgNO3 to produce AgCl sediment 
(chemical equation 1). We carried out this experiment, which was in line with our expectations. 
The amount of the precipitated AgCl was approximately 0.0004 mmol. So, according to the 
chemical reaction (1), there is 0.0002 mmol Mn metal in the mixture. With these results, (0.005-
0.0002=0.0048) mmol Mn is leached to the reaction.

MnCl2 (aq) + 2AgNO3 (aq) 2AgCl (s) + Mn(NO3)2 (aq) (2)

Determination of metal loading for compound 8 and its leaching study over the Heck model 
reaction  

The experiments indicated that 0.4 mmol of Co metal per gram of the catalyst was loaded on the 
compound 8. Therefore, the catalyst reusability of 8 was checked in the Mizoroki–Heck reaction 
of iodobenzene (1.0 mmol) and n-butyl acrylate (1.3 mmol) in the presence of 0.005 mmol Mn 
catalyzed by 8 (10 mg). At the end of each reaction, the catalyst 8 was separated, using an external 
magnetic field, washed with ethanol and reused. The following figure shows the metal leaching of 
8. As could be seen in the figure, the metal leaching in compound 8 is noticeably larger than the 
catalyst 9. This reduction in the amount of leaching and the increase in stability may be attributed 
to the presence of melamine as well as imidazolium moiety (Applied Catalysis A: General, 491, 
106-115; Catalysis Science & Technology, 5(4), 2092-2102) in the catalyst. The amount of 
leaching was 0.35 % in the first run.

Figure S1 Recyclability and leaching study for compound 8 in the Heck model reaction



Reaction conditions: iodobenzene (1.0 mmol), n-butyl acrylate (1.3 mmol), 
Fe3O4@SiO2@Im[Cl]Co(III)-Schiff base complex 8 (10 mg, 0.4 mol% Co), Mn (0.005 mmol), 
EtOH (3.0 mL), reflux.

Figure S2 Kinetic plot and effect of hydroquinone as a radical scavenger over the C-C coupling 
reaction of iodobenzene with (a) n-butyl acrylate, and (b) phenyl acetylene catalyzed by 
Fe3O4@SiO2@Im[Cl]Co(III)-melamine nanocomposite in EtOH/Reflux.



1HNMR spectrum of 2-Hydroxy-5-chloromethyl benzaldehyde (2)

1HNMR spectrum of 2-hydroxy-5-imidazole benzaldehyde (3)



1HNMR spectrum of 4-((1H-imidazol-1-yl)methyl)-2-((allylimino)methyl)phenol (4)

13CNMR spectrum of 4-((1H-imidazol-1-yl)methyl)-2-((allylimino)methyl)phenol (4)



Characterization of some selected compounds:

O

O

1H-NMR (250 MHz, CDCl3) δ: 0.90 (t, 3H, J= 7.5 Hz), 1.37 (m, 2H), 1.65 (m, 2H), 4.17 (t, 2H, 

J= 6.7 Hz), 6.53 (d, 1H, J= 16 Hz), 7.60 (d, 2H, J= 8.7 Hz), 7.63 (d, 1H, J= 16.2 Hz), 8.18 (d, 2H, 

J= 8.7 Hz) ppm; 13C NMR (62.9 MHz, CDCl3) δ: 13.7, 19.1, 30.6, 64.8, 122.5, 124.1, 128.5, 140.5, 

141.5, 166.0 ppm.

O

O

Me
1H-NMR (250 MHz, CDCl3) δ: 0.85 (t, 3H, J= 4.7 Hz), 1.32 (m, 2H), 1.56 (m, 2H), 2.24 (s, 3H), 

4.09 (t, 2H, J= 5.0 Hz), 6.30 (dd, 1H, J= 16.0 Hz, J΄= 5.9 Hz), 7.06 (m, 2H), 7.29 (m, 2H), 7.52 

(dd, 1H, J= 18.2 Hz, J΄= 5.5 Hz) ppm; 13C NMR (62.9 MHz, CDCl3) δ: 13.7, 19.2, 21.4, 30.8, 

64.2, 117.1, 128.3, 129.5, 131.7, 140.5, 144.5, 167.2 ppm.

O

O

MeO
1H NMR (250 MHz, CDCl3) δ: 0.89 (t, 3H, J= 7.5 Hz), 1.35 (m, 2H, J= 7.5 Hz), 1.61 (quint, 2H, 

J= 5.0 Hz), 3.76 (s, 3H), 4.13 (t, 2H, J= 6.7 Hz), 6.24 (d, 1H, J= 16.0 Hz), 6.83 (d, 2H, J= 5.0 Hz), 

7.40 (d, 2H, J= 5.0 Hz), 7.56 (d, 1H, J= 16.0 Hz) ppm; 13C NMR (62.9 MHz, CDCl3) δ: 13.8, 19.2, 

30.8, 55.36, 64.3, 114.3, 115.8, 129.7, 144.2, 161.3 ppm.

O

O

HO
1H-NMR (250 MHz, CDCl3) δ: 0.87 (t, 3H, J= 7. 5 Hz), 1.33 (m, 2H), 1.52 (m, 2H), 4.13 (t, 2H, 

J= 7.5 Hz), 6.20 (d, 1H, J= 12.5 Hz), 6.80 (d, 3H, J=7.5 Hz), 7.32 (d, 2H, J=10 Hz), 7.55 (d, 1H, 

J=15 Hz) ppm; 13C NMR (62.9 MHz, CDCl3) δ: 13.7, 19.1, 30.7, 64.7, 116.0 (2C), 126.5, 130.0 

(2C), 145.1, 158.6, 168.4 ppm.



O

O

Br
1H-NMR (250 MHz, CDCl3) δ: 0.87 (t, 3H, J= 7.5 Hz), 1.34 (m, 2H), 1.60 (m, 2H), 4.12 (t, 2H, 

J= 7.5 Hz), 6.33 (d, 1H, J= 17.5 Hz), 7.19-7.30 (m, 2H), 7.40-7.43 (m, 2H), 7.51 (d, 1H, J= 17.5 

Hz) ppm; 13C NMR (62.9 MHz, CDCl3) δ: 13.7, 19.1, 30.7, 64.5, 111.9, 124.4, 129.3 (2C), 132.0 

(2C), 133.3, 143.1, 166.7 ppm.

O

O

NC
1H-NMR (250 MHz, CDCl3) δ: 0.89 (t, 3H, J= 7.2 Hz), 1.35 (m, 2H), 1.64 (m, 2H), 4.16 (t, 2H, 

J= 6.5 Hz), 6.48 (d, 1H, J= 16 Hz), 7.59, (m, 5H) ppm; 13C NMR (62.9 MHz, CDCl3) δ: 13.6, 

19.1, 27.8, 30.6, 64.7, 113.2, 118.3, 121.8, 128.3, 132.5, 138.5, 142.0, 166.1 ppm.

O

O

NO2
1H-NMR (250 MHz, CDCl3) δ: 0.88 (t, 3H, J= 7.5 Hz), 1.35 (m, 2H), 1.62 (m, 2H), 4.14 (t, 2H, 

J= 7.5 Hz), 6.29 (d, 1H, J= 17.5 Hz ), 7.42-7.57 (m, 2H), 7.94-7.97 (m, 2H), 8.02 (d, 1H, J= 17.5 

Hz) ppm; 13C NMR (62.9 MHz, CDCl3) δ: 13.9, 19.1, 30.6, 64.7, 123.3, 124.6, 129.2, 130.2, 

130.3, 133.5, 139.7, 148.2, 165.9 ppm.

O

O

O2N
1H-NMR (250 MHz, CDCl3) δ: 0.97 (t, 3H, J= 7.2 Hz), 1.45 (m, 2H), 1.67 (m, 2H), 4.23 (t, 2H, 

J= 7.5 Hz), 6.54 (dd, 1H, J= 16.0 Hz, J΄= 6.2 Hz), 7.67 (m, 3H), 8.24 (m, 2H) ppm; 13C NMR 

(62.9 MHz, CDCl3) δ: 13.7, 19.1, 30.6, 64.9, 122.5, 124.1, 128.6, 140.5, 141.5 ppm.



O

O

Me
1H-NMR (250 MHz, CDCl3) δ: 0.85 (t, 3H, J= 2.5 Hz), 1.32 (m, 2H), 1.57 (m, 2H), 2.30 (s, 3H), 

4.11 (t, 2H), 6.27 (dd, 1H, J= 15.9 Hz, J΄= 4.8 Hz), 7.11 (m, 3H), 7.41 (m, 1H), 7.84 (dd, 1H, J= 

13.7 Hz, J΄= 4.3 Hz) ppm; 13C NMR (62.9 MHz, CDCl3) δ: 13.7, 18.9, 19.7, 30.7, 64.3, 119.2, 

126.3, 129.9, 130.7, 133.4, 137.5, 142.2, 167.0 ppm.

1H-NMR (250 MHz, CDCl3) δ: 7.13 (d, 2H), 7.31 (m, 6H), 7.52 (m, 4H) ppm.

Me
1H-NMR (250 MHz, CDCl3) δ: 2.26 (s, 3H), 6.91-7.64 (m, 9H) ppm; 13C NMR (62.9 MHz, 

CDCl3,) δ: 21.3, 126.4, 126.4, 127.4, 127.7, 128.6, 129.4, 134.5, 137.5 ppm.

MeO

1H NMR (250 MHz, CDCl3) δ: 3.77 (s, 3H), 6.80 (d, 2H, J= 8.5 Hz), 6.89 (d, 1H, J= 16.5 Hz), 

6.99 (d, 1H, J= 16.0 Hz), 7.18 (t, 1H, J= 6.5 Hz), 7.28 (t, 2H, J= 7.5 Hz), 7.37 (d, 2H, J= 8.5 

Hz), 7.42 (d, 2H, J= 7.5 Hz) ppm; 13C NMR (62.9 MHz, CDCl3) δ: 57.5, 116.5, 126.0, 126.5, 

127.0, 127.5, 128.0, 129.5, 130.9, 138.8, 160.5 ppm.

O2N



1H NMR (250 MHz, CDCl3) δ: 7.23 (d, 1H, J= 16.5 Hz), 7.37 (d, 1H, J= 16 Hz), 7.45-7.55 (m, 

3H), 7.71 (d, 2H, J= 7.3 Hz), 7.80 (d, 2H, J= 9.3 Hz), 8.40 (d, 2H, J= 9.3 Hz) ppm; 13C NMR (60 

MHz, CDCl3) δ: 125.5, 127.0, 128.0, 128.5, 129.0, 130.1, 135.5, 140.5, 149.9, 152.2 ppm.

NC
1H NMR (250 MHz, CDCl3) δ: 7.02 (d, 1H, J= 16.5 Hz), 7.45-7.60 (m, 6H), 7.49 (t, 2H, J= 7.5 

Hz), 7.40 (t, 1H, J= 7.45 Hz), 7.20 (d, 1H, J= 16.5 Hz) ppm.

1H-NMR (250 MHz, CDCl3) δ: 7.23-7.28 (m, 6H), 7.43-7.47 (m, 4H) ppm; 13C-NMR (62.9 MHz, 

CDCl3) δ: 89.5, 123.3, 128.3, 129.2, 131.6 ppm; MS (m/e) = 178 [M+]; Elemental Analysis: Calcd. 

C: 94.33, H: 5.67%, Found. C: 94.11, H: 5.89%.

1H-NMR (CDCl3, 250 MHz) δ: 2.22 (s, 3H, CH3), 7.14 (d, 2H, J= 8.4 Hz, Ar-H), 7.19-7.42 (m, 

7H, Ar-H) ppm; 13C-NMR (62.9 MHz, CDCl3) δ: 21.5, 88.7, 89.6, 120.2, 123.5, 128.1, 128.3, 

129.1, 131.5, 131.7, 138.4 ppm; MS (m/e)= 192 [M+]; Elemental Analysis: Calcd. C: 93.77, H: 

6.30%, Found. C: 93.57, H: 6.23%.

MeO

1H-NMR (250 MHz, CDCl3) δ: 3.76 (s, 3H, CH3), 6.79 (d, 2H, J= 8.2 Hz, Ar-H), 7.21-7.25 (m, 

3H, Ar-H), 7.37-7.44 (m, 4H, Ar-H) ppm; 13C-NMR (62.9 MHz, CDCl3) δ: 55.2, 88.0, 89.4, 

114.0, 115.3, 123.6, 127.9, 128.3, 131.4, 133.0, 159.6 ppm; MS (m/e)= 208 [M+]; Elemental 

Analysis: Calcd. C: 86.50, H: 5.82%, Found. C: 86.64, H: 5.71%.

H2N



1H-NMR (250 MHz, CDCl3) δ: 3.62 (s, 2H, NH2), 6.52 (s, 2H, Ar-H), 7.22-7.40 (m, 7H, Ar-H) 

ppm; 13C-NMR (62.9 MHz, CDCl3) δ: 87.3, 90.2, 112.5, 114.7, 123.9, 127.7, 128.3, 131.3, 132.9, 

146.7 ppm.

MeOC

1H-NMR (250 MHz, CDCl3) δ: 2.51 (s, 3H, CH3), 7.16-7.33 (m, 3H, Ar-H), 7.45-7.54 (m, 4H, 

Ar-H), 7.86 (d, 2H, J=7.5 Hz, Ar-H) ppm; 13C-NMR (62.9 MHz, CDCl3) δ: 27.0, 88.9, 92.9, 

123.0, 128.2, 128.3, 128.8, 129.5, 132.0, 132.2, 136.5, 197.6 ppm.

Cl

1H NMR (250 MHz, CDCl3) δ: 7.13-7.43 (m, 9H, Ar-H) ppm; 13C NMR (62.9 MHz, CDCl3) δ: 

88.2, 90.3, 121.8, 122.9, 128.4, 128.5, 128.7, 131.6, 132.8, 134.2 ppm. 

O2N

1H-NMR (250 MHz, CDCl3) δ: 7.37-7.41 (m, 3H, Ar-H), 7.54-7.57 (m, 2H, Ar-H), 7.68 (d, 2H, 

J= 12.5 Hz, Ar-H), 8.22 (d, 2H, J= 7.5 Hz, Ar-H) ppm; 13C-NMR (62.9 MHz, CDCl3) δ: 87.5, 

94.7, 122.0, 123.6, 128.5, 129.2, 130.2, 131.8, 132.2, 146.9 ppm; MS (m/e) = 224 [M+]; 

Elemental Analysis: Calcd. C: 75.32, H: 4.07, N: 6.27%, Found. C: 75.42, H: 4.21, N: 6.15%.

1H-NMR (250 MHz, CDCl3) δ: 7.26-7.74 (m, 11H, Ar-H), 8.36 (d, 1H, J= 8.2 Hz, Ar-H); 13C-

NMR (62.9 MHz, CDCl3) δ: 87.5, 94.3, 120.9, 123.4, 125.3, 125.6, 126.2, 126.4, 126.8, 128.3, 

128.42, 128.47, 128.8, 130.4, 131.7, 133.2, 133.3, 141.1 ppm; MS (m/e) = 228 [M+]; Elemental 

Analysis: Calcd. C: 94.69, H: 5.31%, Found. C: 94.41, H: 5.59%.



1H NMR (250 MHz, CDCl3) δ: 2.44 (s, 3H, CH3), 7.14-7.46 (m, 9H, Ar-H) ppm; 13C NMR 

(CDCl3, 62.9 MHz) δ: 20.7, 86.01, 94.2, 123.0, 125.5, 128.1, 128.30, 128.35, 129.4, 131.5, 

131.8, 140.1 ppm; MS (m/e)= 192 [M+]; Elemental Analysis: Calcd. C: 93.70, H: 6.30%, Found. 

C: 93.82, H: 6.18%.

OMe

1H NMR (250 MHz, CDCl3) δ: 3.82 (s, 3H, CH3), 6.87 (d, 2H, J= 7.25 Hz, Ar-H), 7.31-7.33 (m, 

3H, Ar-H), 7.45-7.53 (m, 4H, Ar-H) ppm; 13C NMR (CDCl3, 62.9 MHz): δ: 55.8, 85.6, 93.3, 110.6, 

112.4, 120.4, 123.5, 128.0, 128.1, 129.7, 131.6, 133.5, 159.8 ppm.

NC

1H-NMR (250 MHz, CDCl3) δ: 7.28-7.31 (m, 3H, Ar-H), 7.44-7.53 (m, 6H, Ar-H) ppm; 13C-

NMR (62.9 MHz, CDCl3) δ: 87.7, 93.7, 111.4, 118.5, 122.2, 128.2, 128.5, 129.1, 131.7, 132.03, 

132.06 ppm; MS (m/e)= 203 [M+]; Elemental Analysis: Calcd. C: 88.64, H: 4.47, N: 6.89%, 

Found. C: 88.77, H: 4.57, N: 6.66%.

N

N
1H-NMR (250 MHz, CDCl3) δ: 7.29-7.48 (m, 5H, Ar-H), 8.77 (s, 2H, Ar-H), 9.06 (s, 1H, Ar-H) 

ppm; 13C-NMR (62.9 MHz, CDCl3) δ: 82.3, 96.3, 119.9, 121.7, 128.5, 128.7, 129.1, 129.3, 

131.7, 139.3, 156.6, 158.5 ppm; MS (m/e)= 180 [M+]; Elemental Analysis: Calcd. C: 79.98, H: 

4.48, N: 15.54%, Found. C: 79.81, H: 4.62, N: 15.57%.



N

1H-NMR (250 MHz, CDCl3) δ: 7.26-7.29 (m, 4H, Ar-H), 7.44-7.47 (m, 2H, Ar-H), 7.70 (m, 1H, 

Ar-H), 8.45 (m, 1H, Ar-H), 8.68 (s, 1H, Ar-H) ppm; 13C-NMR (62.9 MHz, CDCl3) δ: 85.9, 92.7, 

120.5, 122.4, 123.0, 128.4, 128.8, 131.6, 138.4, 148.4, 152.1 ppm; MS (m/e)= 179 [M+]; 

Elemental Analysis: Calcd. C: 87.12, H: 5.07, N: 7.81%, Found. C: 87.27, H: 4.91, N: 7.82%.

S

1H-NMR (250 MHz, CDCl3) δ: 7.31-7.42 (m, 5H, Ar-H), 7.59-7.64 (m, 3H, Ar-H) ppm; 13C-

NMR (62.9 MHz, CDCl3) δ: 84.7, 89.1, 123.3, 125.5, 127.2, 128.5, 128.7, 129.3, 129.9, 131.7, 

132.6 ppm; MS (m/e)= 184 [M+]; Elemental Analysis: Calcd. C: 78.22, H: 4.39%, Found. C: 

78.10, H: 4.46%.

C6H13

1H-NMR (250 MHz, CDCl3) δ:  0.83 (t, 3H, J= 7.0 Hz, CH3), 1.20-1.55 (m, 8H, CH2), 2.31 (t, 

2H, J= 7.0 Hz, CH2), 7.15-7.21 (m, 3H, Ar-H), 7.28-7.33 (m, 2H, Ar-H) ppm; 13C-NMR (62.9 

MHz, CDCl3) δ: 14.0, 19.3, 22.5, 28.5, 28.7, 31.3, 80.5, 90.4, 124.0, 127.4, 128.1, 131.5 ppm.

C6H13

1H-NMR (250 MHz, CDCl3) δ: 0.93 (t, 3H, J= 7.0 Hz, -CH2CH3), 1.31-1.65 (m, 8H, -CH2), 2.35 

(s, 3H, CH3), 2.41 (t, 2H, J= 7.0 Hz, CH2), 7.10 (d, 2H, J= 8.5 Hz, Ar-H), 7.31 (d, 2H, J= 8.0 Hz, 

Ar-H) ppm; 13C-NMR (62.9 MHz, CDCl3) δ: 14.0, 19.4, 21.3, 22.5, 28.6, 28.7, 31.3, 80.5, 89.5, 

121.0, 128.8, 131.3, 137.3 ppm.

C6H13NC

1H-NMR (250 MHz, CDCl3) δ: 0.89 (t, 3H, J= 7.0 Hz, -CH2CH3), 1.24-1.63 (m, 8H, -CH2), 2.41 

(t, 2H, J= 7.0 Hz, CH2), 7.42 (d, 2H, J = 8.75 Hz, Ar-H), 7.56 (d, 2H, J= 8.75 Hz, Ar-H) ppm.



HO
1H-NMR (250 MHz, CDCl3) δ: 1.27-1.29 (s, 1H, OH), 1.55-1.77 (m, 7H, -CH2), 1.98-2.04 (m, 

2H, -CH2), 2.27 (s, 1H, CH2), 7.26-7.31 (m, 3H, Ar-H), 7.40-7.45 (m, 2H, Ar-H) ppm.




























































