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Chemicals and apparatus
     All chemical materials were utilized without further purification and purchased from Merck, and Aldrich. All reactions were monitored by thin-layer chromatography on plates coated with 0.25 mm silica gel 60 F254 (Qingdao Haiyang Chemicals, Qingdao, China). The IR spectra in the solid state were recorded on a PerkinElmer Spectrum One FT-IR spectrometer using the KBr pellet technique. The resolution of the scanning was 4.0 cm21 at 16 scans. Nanostructures were analyzed by X-ray powder diffraction (XRPD) with a X’Pert-PRO advanced diffractometer using Cu (Ka) radiation (wavelength: 1.5406 Å), operated at 40 kV and 40 mA at room temperature in the range of 2θ from 20° to 80°. The magnetic properties of the nanoparticles were measured with a vibrating sample magnetometer (VSM). The microscopic morphology of the nanocomposite was visualized by FESEM (MIRA3). EDX spectroscopy was performed using a field emission scanning electron microscope (FE-SEM, JEOL 7600F), equipped with a spectrometer of energy dispersion of X-ray from Oxford instruments. Transmission electron microscopy (TEM) was performed on a Philips EM208 microscope and was operated at 100 kV. Size distribution of the nanoparticles were measured by dynamic light scattering (DLS) analysis on a HORIBA-LB550 instrument. The thermogravimetric analysis (TGA) curves are obtained by V5.1A DUPONT 2000. NMR spectra were obtained with a Bruker AV-400 instrument (Bruker BioSpin, Faellanden, Switzerland) with chemical shifts reported in parts per million (ppm, δ) and referenced to CDCl3 or DMSO-d6. Melting points were measured on an Electrothermal 9100 apparatus (LABEQUIP LTD., Markham, Ontario, Canada) and are uncorrected. 
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Figure S1: (a) FESEM image and (b) XRD of the CoFe2O4@Eggshell@SO3H after five times reuse in the 2,4,6-triarylpyridine reaction. (c) FT-IR spectrum of the CoFe2O4@Eggshell@SO3H nanocomposite, (I) before nanocomposite recycling and (II) 2,4,6-triarylpyridine, (III) β-aminocarbonyl, and (IV) 2-amino-4,6-diphenylnicotinonitrile after 5 steps of nanocomposite recycling.



Data Spectra
2,4,6-triphenylpyridine (Table 1; entry 1)
1HNMR (DMSO, 300 MHz): ϭ = 7.49-7.66 (m, 9H, H-Ar), 8.06-8.09 (d, 2H, H-Ar), 8.10 (s, 2H, H-pyridine), 8.23–8.38 (d, 4H, Ho-Ar) ppm.
Anal. calcd for C23H17N: C, 89.87; H, 5.57; N, 4.56; found: C, 90.07; H, 5.78; N, 4.15.
4-(4-fluorophenyl)-2,6-diphenylpyridine (Table 1; entry 2)
1HNMR (DMSO, 300 MHz): ϭ = 6.77-6.82 (d, 2H, Hm-Ar-F), 6.90-6.99 (t, 2H, Hp-Ar), 7.00-7.09 (d, 2H, Ho-Ar-F), 7.12-7.23 (t, 4H, Hm-Ar), 8.19 (s, 2H, H-pyridine), 8.46–8.53 (d, 4H, Ho-Ar) ppm.
Anal. calcd for C23H16FN: C, 84.90; H, 4.96; N, 4.30; found: C, 85.37; H, 5.21; N, 4.66.
4-(4-chlorophenyl)-2,6-diphenylpyridine (Table 1; entry 3)
1HNMR (DMSO, 300 MHz): ϭ = 7.49-7.65 (m, 6H, Hm,p-Ar), 7.66-7.68 (d, 2H, Ho-Ar-Cl), 8.11-8.16 (d, 2H, Hm-Ar-Cl), 8.24 (s, 2H, H-pyridine), 8.34–8.38 (d, 4H, Ho-Ar) ppm.
Anal. calcd for C23H16ClN: C, 80.81; H, 4.72; N, 4.10; found: C, 81.17; H, 5.01; N, 4.13.
4-(4-methoxyphenyl)-2,6-diphenylpyridine (Table 1; entry 6)
1HNMR (DMSO, 300 MHz): ϭ = 3.92 (s, 3H, CH3-O), 6.88-6.91 (d, 2H, Ho-Ar-MeO), 7.49-7.64 (m, 8H, H-Ar), 8.25 (s, 2H, H-pyridine), 8.34–8.38 (d, 4H, Ho-Ar) ppm.
Anal. calcd for C24H19NO: C, 85.43; H, 5.68; N, 4.15; O, 4.74; found: C, 84.97; H, 5.61; N, 4.03.
4-(2-nitrophenyl)-2,6-diphenylpyridine (Table 1; entry 9)
1HNMR (DMSO, 300 MHz): ϭ = 7.43-7.60 (m, 2H, Hp-Ar), 7.66-7.71 (t, 4H, Hm-Ar), 7.76-7.80 (t, 1H, Hp-Ar-NO2), 7.87-8.01 (t, 1H, Hm-Ar-NO2), 8.05-8.21 (d of d, 2H, Ho,m-Ar-NO2), 8.290 (s, 2H, H-pyridine), 8.29-8.33 (d, 4H, Ho-Ar) ppm.
Anal. calcd for C23H16N2O2: C, 78.39; H, 4.58; N, 7.95; O, 9.08; found: C, 80.09; H, 4.97; N, 7.60.
1,3-diphenyl-3-(phenylamino)propan-1-one (Table 2; entry 1)
1HNMR (DMSO, 300 MHz): ϭ = 2.26-3.46 (q of q, 2H, CH2-CO), 4.31-4.38 (t, 1H, CH-NH), 7.16-7.18 (d, 2H, Ho-Aniline), 7.25-7.30 (t, 1H, Hp-Aniline), 7.37-7.44 (m, 5H, H-Ar: aldehyde), 7.48-7.50 (d, 2H, Hm-Aniline), 7.68-7.72 (t, 2H, H-Ar), 8.00-8.04 (t, 1H, H-Ar), 8.16-8.18 (d, 2H, H-Ar), 8.23 (s, 1H, NH) ppm.
Anal. calcd for C21H19NO: C, 83.69; H, 6.35; N, 4.65; O, 5.31; found: C, 83.92; H, 6.02; N, 4.89.
3-(4-chlorophenyl)-1-phenyl-3-(phenylamino)propan-1-one (Table 2; entry 3)
1HNMR (DMSO, 300 MHz): ϭ = 2.93-3.15 (q, 2H, CH2-CO), 4.46-4.50 (t, 1H, CH-NH), 6.81-6.89 (t, 1H, Hp-Aniline), 6.89-6.90 (d, 2H, Ho-Aniline), 7.13-7.14 (t, 2H, Hm-Aniline), 7.56-7.63 (m, 6H, H-Ar), 7.72-7.75 (t, 1H, H-Ar), 7.83-7.99 (d, 2H, H-Ar), 8.04 (s, 1H, NH) ppm.
Anal. calcd for C21H18ClNO: C, 75.11; H, 5.40; N, 4.17; O, 4.76; found: C, 74.92; H, 5.52; N, 4.09.
3-(4-methoxyphenyl)-1-phenyl-3-(phenylamino)propan-1-one (Table 2; entry 6)
1HNMR (DMSO, 300 MHz): ϭ = 2.26-3.45 (m, 2H, CH2-CO), 3.85 (s, 3H, CH3-O), 4.25-4.35 (t, 1H, CH-NH), 6.64-6.67 (t, 1H, Hp-Aniline), 6.79-6.88 (m, 4H, H-Ar), 7.11-7.16 (t, 2H, Hm-Aniline), 7.13-7.14 (d, 2H, Ho-Ar-OMe), 7.48-7.99 (t, 2H, H-Ar), 7.99-8.04 (t, 1H, H-Ar), 8.16-8.18 (d, 2H, H-Ar), 8.20 (s, 1H, NH) ppm.
Anal. calcd for C22H21NO2: C, 79.73; H, 6.39; N, 4.23; O, 9.65; found: C, 80.10; H, 6.41; N, 4.21.
3-(2-nitrophenyl)-1-phenyl-3-(phenylamino)propan-1-one (Table 2; entry 9)
1HNMR (DMSO, 300 MHz): ϭ = 2.68-2.74 (q, 1H, CH2-CO), 2.78-3.11 (q, 1H, CH2-CO), 4.43-4.50 (t, 1H, CH-NH), 6.68-6.88 (t, 1H, Hp-Aniline), 6.92-7.11 (d, 2H, Ho-Aniline), 7.15-7.45 (t, 2H, Hm-Aniline), 7.49-7.78 (m, 6H, H-Ar), 8.22–8.36 (d of d, 3H, H-Ar), 8.36 (s, 1H, NH) ppm.
Anal. calcd for C21H18N2O3: C, 72.82; H, 5.24; N, 8.09; found: C, 73.82; H, 5.11; N, 7.98.
3-(2-chlorophenyl)-1-phenyl-3-(phenylamino)propan-1-one (Table 2; entry 10)
1HNMR (DMSO, 300 MHz): ϭ = 2.72-2.81 (q, 1H, CH2-CO), 3.03-3.13 (q, 1H, CH2-CO), 4.34-4.43 (t, 1H, CH-NH), 6.56-6.68 (t, 1H, Hp-Aniline), 6.92-6.98 (d, 2H, Ho-Aniline), 7.18-7.25 (t, 2H, Hm-Aniline), 7.45-7.52 (m, 3H, H-Ar-Cl), 7.54-7.56 (t, 2H, Hm-Ar-CO), 7.60-7.67 (t, 1H, Hp-Ar-CO), 7.71-7.76 (d, 1H, Ho-Ar-Cl), 8.86–8.39 (d, 2H, Ho-Ar-CO), 8.09 (s, 1H, NH) ppm.
Anal. calcd for C21H18ClNO: C, 75.11; H, 5.40; N, 4.17; found: C, 74.66; H, 5.52; N, 4.23.
2-amino-4,6-diphenylnicotinonitrile (Table 3; entry 1)
1HNMR (DMSO, 300 MHz): ϭ = 7.05 (s, 2H, NH2), 7.49-7.62 (m, 6H, H-Ar), 7.68-7.72 (d, 2H, H-Ar), 7.99 (s, 1H, H-pyridine), 8.13–8.17 (d, 2H, Ho-Ar) ppm.
Anal. calcd for C18H13N3: C, 79.68; H, 4.83; N, 15.49; found: C, 79.66; H, 4.80; N, 15.54.
2-amino-4-(4-fluorophenyl)-6-phenylnicotinonitrile (Table 3; entry 2)
1HNMR (DMSO, 300 MHz): ϭ = 6.99 (s, 2H, NH2), 7.12-7.15 (d, 2H, Hm-Ar-4F), 7.31-7.35 (d, 2H, Ho-Ar-4F), 7.48-7.55 (m, 3H, H-Ar), 8.00 (s, 1H, H-pyridine), 8.12–8.16 (d of d, 2H, H-Ar) ppm.
Anal. calcd for C18H12FN3: C, 74.73; H, 4.18; N, 14.52; found: C, 75.01; H, 4.20; N, 14.50.
2-amino-4-(4-chlorophenyl)-6-phenylnicotinonitrile (Table 3; entry 3)
1HNMR (DMSO, 300 MHz): ϭ = 6.06 (s, 2H, NH2), 7.45-7.60 (m, 3H, Hm,p-Ar), 7.72-7.75 (d, 2H, Hm-Ar-4Cl), 7.85-7.86 (d, 2H, Ho-Ar-4Cl), 8.13 (s, 1H, H-pyridine), 8.22–8.23 (d, 2H, Ho-Ar) ppm.
Anal. calcd for C18H12ClN3: C, 70.71; H, 3.96; N, 13.74; found: C, 71.08; H, 4.11; N, 13.61.
2-amino-4-(4-bromophenyl)-6-phenylnicotinonitrile (Table 3; entry 4)
1HNMR (DMSO, 300 MHz): ϭ = 7.11 (s, 2H, NH2), 7.49-7.56 (m, 3H, H-Ar), 7.64-7.68 (d, 2H, Ho-Ar-4F), 7.72-7.77 (d, 2Hm, H-Ar-4Cl), 7.95 (s, 1H, H-pyridine), 8.13–8.17 (d of d, 2H, H-Ar) ppm.
Anal. calcd for C18H12BrN3: C, 61.73; H, 3.45; N, 12.00; found: C, 61.56; H, 3.51; N, 12.09.
2-amino-4-(4-methoxyphenyl)-6-phenylnicotinonitrile (Table 3; entry 6)
1HNMR (DMSO, 300 MHz): ϭ = 3.55 (s, 3H, CH3-O), 7.01 (s, 2H, NH2), 7.39-7.40 (d, 2H, Ho-Ar-4Me), 7.49-7.53 (m, 3H, H-Ar), 7.59-7.62 (d, 2Hm, H-Ar-Me), 8.03 (s, 1H, H-pyridine), 8.13–8.14 (d, 2H, H-Ar) ppm.
Anal. calcd for C19H15N3O: C, 75.73; H, 5.02; N, 13.94; O, 5.31; found: C, 76.10; H, 4.95; N, 14.03.
2-amino-6-phenyl-4-(p-tolyl)nicotinonitrile (Table 3; entry 7)
1HNMR (DMSO, 300 MHz): ϭ = 2.42 (s, 3H, CH3), 7.01 (s, 2H, NH2), 7.37-7.40 (d, 2H, Ho-Ar-4Me), 7.49-7.54 (m, 3H, H-Ar), 7.59-7.62 (d, 2Hm, H-Ar-Me), 7.99 (s, 1H, H-pyridine), 8.13–8.16 (d of d, 2H, H-Ar) ppm.
Anal. calcd for C19H15N3: C, 79.98; H, 5.30; N, 14.73; found: C, 80.16; H, 5.41; N, 14.43.
2-amino-4-(2-nitrophenyl)-6-phenylnicotinonitrile (Table 3; entry 9)
1HNMR (DMSO, 300 MHz): ϭ = 5.42 (s, 2H, NH2), 7.02-7.32 (m, 3H, H-Ar), 7.53-7.57 (t, 1H, H-Ar-2NO2), 7.66-7.71 (t, 1H, H-Ar-NO2), 7.94-8.05 (d of d, 2H, Ho-Ar-2NO2), 8.14 (s, 1H, H-pyridine), 8.24–8.26 (d, 2H, Ho-Ar) ppm.
Anal. calcd for C18H12N4O2: C, 68.35; H, 3.82; N, 17.71; O, 10.12; found: C, 69.01; H, 3.99; N, 17.70.
2-amino-4-(2-chlorophenyl)-6-phenylnicotinonitrile (Table 3; entry 10)
1HNMR (DMSO, 300 MHz): ϭ = 6.70 (s, 2H, NH2), 7.25-7.28 (t, 1H, Hm-Ar-2Cl), 7.32-7.35 (t, 1H, Hp-Ar-2Cl), 7.36-7.66 (m, 4H, Hm,p-Ar and Ho-Ar-2Cl), 7.68-7.69 (d, 2H, Ho-Ar-2Cl), 8.13 (s, 1H, H-pyridine), 8.22–8.23 (d, 2H, Ho-Ar) ppm.
Anal. calcd for C18H12ClN3: C, 70.71; H, 3.96; N, 13.74; found: C, 71.47; H, 4.13; N, 13.78.
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