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1. General Information: 
 
 
All solvents were purified according to standard methods prior to use. Purifications of 
reaction products were carried out by chromatography using silica gel (200–300 mesh) 
or recrystallization. Melting points were recorded on a BÜCHI B–540 melting point 
apparatus. NMR spectra were recorded for 1H NMR at 500 MHz and for 13C NMR at 
125 MHz. For 1H NMR, tetramethylsilane (TMS) served as internal standard (δ=0) 
and data were reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, 
t = triplet, q= quartet, m = multiplet), coupling constant(s) in Hz, and integration. For 
13C NMR, TMS (δ=0) or CDCl3 (δ =77.26) was used as internal standard and spectra 
were obtained with complete proton decoupling. Low-resolution data were obtained 
using ESI ionization. Single crystals of compound 4c and 4h were measured on a 
Rigaku RAXIS-RAPID single-crystal diffractometer. The starting material 3a–3w 
were prepared according to literature methods.1 the starting material 1 were 
commercially available by their hydrochloride and were used after triethylamine 
pre-treated to free molecule. 
 
 

2. General Procedure for the Synthesis of 4: 
 
 

A mixture of 2-aminoacetonitrile or methyl 2-aminoacetate 1(1.1 mmol), aldehyde 
2 (1.05 mmol), α-azidovinylketone 3 (1.0 mmol), and K2CO3 (2.1 mmol) were stirred 
in anhydrous DMF (6 mL) at a proper temperature (25 oC to 40 oC) for several hours. 
After the completeness of the reaction, the mixture was quenched with water (10 mL), 
and extracted three times with EtOAc. The organic layer was combined, washed with 
brine, dried over anhydrous Na2SO4 and concentrated. Purification of the crude 
product by recrystallization (petroleum ether : ethyl acetate = 3:1) or chromatography 
(silica gel; petroleum ether : ethyl acetate = 6 : 1 to 3:1) to afford 4. 
 
 

 

 

 

 

 

 

 

 

 

1 (a) T. L. Gilchrist and R. Mendonca, ARKIVOC., 2000, 769; (b) L. Liu and S. Liebeskind, J. Am. Chem. Soc., 2008, 130, 
6918; (c) M. A. Khazaei, Synthesis, 2009, 21, 3672; (d) C. J. Kowalski, A. E. Weber and K. W. Fields, J. Org. Chem., 1982, 
47, 5088. 
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3. Characterization Data of 4: 
 
4-amino-6-(4-bromophenyl )-3, 5-bis (4-chlorophenyl) picolinonitrile (4a): 

 

Yellow-brown solid (93%); Purified by recrystallization (petroleum ether : ethyl 
acetate = 3:1); mp: 229 – 231 oC; 1H NMR (500 MHz, CDCl3) δ 7.55 (d, J = 8.5 Hz, 
2H), 7.43 (d, J = 8.0 Hz, 2H), 7.39 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.5 Hz, 2H), 7.12 
(d, J = 8.0 Hz, 4H), 4.31 (s, 2H); 13C NMR (125 MHz, CDCl3) δ 156.97, 149.89, 
137.61, 136.01, 135.26, 132.56, 131.52, 131.22, 131.14, 131.07, 130.70 130.45, 
130.18, 124.91, 122.87, 122.76 121.58, 116.60; HRMS (EI): m/z Calcd for 
C24H14BrCl2N3 (M)+ 492.9748; Found: m/z 492.9744. 
 
methyl 4-amino-6-(4-bromophenyl )-3, 5-bis (4-chlorophenyl)picolinate(4b): 

 
Pale yellow solid (51%); Purified by chromatography (silica gel ; petroleum ether : 
ethyl acetate = 6 : 1 to 3:1); mp: 187 – 188 oC; 1H NMR (500 MHz, CDCl3) δ 7.48 (d, 
J = 8.0 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 7.32 (m, 4H), 7.16 (d, J = 8.0 Hz, 2H), 7.12 
(d, J = 8.0 Hz, 2H), 4.14 (s, 2H), 3.67(s, 3H); 13C NMR (125 MHz, CDCl3) δ 166.90, 
155.49, 150.07, 148.12, 138.52, 134.62, 134.37, 133.39, 132.68, 131.77, 131.40, 
131.00, 130.86, 129.83, 129.59, 122.32, 120.68, 119.64, 52.45; HRMS (EI): m/z 
Calcd for C25H17BrCl2N2O2 (M)+ 525.9850; Found: m/z 525.9846. 
 
4-amino-3-(4-bromophenyl)-6-(4-methoxyphenyl)-5-(p-tolyl)picolinonitrile(4c): 

 

Yellow solid (71%); Purified by recrystallization (petroleum ether : ethyl acetate = 
3:1); mp: 230 – 232 oC; 1H NMR (500 MHz, CDCl3) δ 7.68 (d, J = 8.0 Hz, 2H), 7.37 
(d, J = 8.0 Hz, 2H), 7.25 – 7.14 (m, 4H), 7.07 (d, J = 8.0 Hz, 2H), 6.70 (d, J = 8.5 Hz, 
2H), 4.31 (s, 2H), 3.75 (s, 3H), 2.36 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 159.13, 
157.18, 149.44, 137.75, 132.85, 131.70, 131.60, 131.57, 131.49, 131.02, 130.31, 
129.94, 124.14, 123.81, 122.62, 117.03, 113.16, 55.13, 21.31; HRMS (EI): m/z Calcd 
for C26H20BrN3O (M)+ 469.0790; Found: m/z 469.0794. 
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4-amino-5-(4-chlorophenyl)-3-(4-methoxyphenyl)-6-phenylpicolinonitrile(4d): 

 

Yellow-brown solid (90%); Purified by recrystallization (petroleum ether : ethyl 
acetate = 3:1); mp: 172 – 175 oC; 1H NMR (500 MHz, CDCl3) δ 7.41 (d, J = 8.5 Hz, 
2H), 7.33 (d, J = 8.5 Hz, 2H), 7.26 – 7.18 (m, 5H), 7.13 (d, J = 8.5 Hz, 2H), 7.08 (d, J 
= 8.5 Hz, 2H), 4.36 (s, 2H), 3.86 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 160.45, 
157.82, 150.14, 138.99, 134.31, 133.24, 132.46, 131.70, 130.96, 129.71, 129.57, 
128.09, 127.87, 125.91, 124.05, 121.44, 117.15, 115.21, 55.39; HRMS (EI): m/z 
Calcd for C25H18ClN3O (M)+ 411.1138; Found: m/z 411.1140. 
 
4-amino-5-(4-chlorophenyl)-3, 6-bis(4-methoxyphenyl)picolinonitrile(4e): 

 
Yellow-brown solid (73%); Purified by recrystallization (petroleum ether : ethyl 
acetate = 3:1); mp: 139 – 141 oC; 1H NMR (500 MHz, CDCl3) δ 7.41 (d, J = 8.5 Hz, 
2H), 7.36 (d, J = 8.5 Hz, 2H), 7.18 (d, J = 8.5 Hz, 2H), 7.14 (d, J = 8.5 Hz, 2H), 7.08 
(d, J = 8.5 Hz, 2H), 6.72 (d, J = 9.0 Hz, 2H), 4.30 (s, 2H), 3.87 (s, 3H), 3.76 (s, 3H); 
13C NMR (125 MHz, CDCl3) δ 160.42, 159.47, 157.35, 150.01, 134.26, 133.56, 
132.46, 131.69, 131.38, 131.03, 130.97, 129.81, 125.56, 124.15, 121.04, 117.20, 
115.18, 113.30, 55.37, 55.21; HRMS (EI): m/z Calcd for  C26H20ClN3O2 (M)+ 
411.1138; Found: m/z 411.1140. 
 
4-amino-3-(2-bromophenyl)-5, 6-bis(4-chlorophenyl)picolinonitrile(4f): 

 

Yellow-brown solid (78%); Purified by recrystallization (petroleum ether : ethyl 
acetate = 3:1); mp: 194 – 196 oC; 1H NMR (500 MHz, CDCl3) δ 7.80 (d, J = 8.0 Hz, 
1H), 7.53 (t, J = 7.5 Hz, 1H), 7.48 – 7.34 (m, 4H), 7.25 – 7.15 (m, 5H), 7.12 (d, J = 
8.0 Hz, 1H), 4.22 (s, 2H); 13C NMR (125 MHz, CDCl3) δ 156.92, 149.75, 136.97, 
134.71, 134.36, 133.93, 133.10, 132.78, 132.54, 131.84, 131.66, 131.52, 131.07, 
129.95, 128.75, 128.11, 125.31, 124.25, 121.47, 116.23; HRMS (EI): m/z Calcd for 
C24H14BrCl2N3 (M)+ 492.9748; Found: m/z 492.9746. 
 
4-amino-3-(4-bromophenyl)-6-(furan-2-yl)-5-(p-tolyl)picolinonitrile(4g): 
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White solid (54%); Purified by chromatography (silica gel ; petroleum ether : ethyl 
acetate = 6 : 1 to 3:1); mp: 152 – 155 oC; 1H NMR (500 MHz, CDCl3) δ 7.68 (d, J = 
8.0 Hz, 2H), 7.40 (s, 1H), 7.39 – 7.30 (m, 4H), 7.16 (d, J = 8.0 Hz, 2H), 6.23 (dd, J = 
3.5, 1.5 Hz, 1H), 5.68 (d, J = 3.5 Hz, 1H), 4.21 (s, 2H), 2.45 (s, 3H); 13C NMR (125 
MHz, CDCl3) δ 170.15, 150.97, 150.19, 147.60, 143.56, 139.10, 132.95, 132.13, 
131.41, 131.29, 130.90, 129.28, 124.09, 123.94, 120.98, 116.68, 113.25, 111.36, 21.42; 
HRMS (EI): m/z Calcd for C23H16BrN3O (M)+ 429.0477; Found: m/z 429.0476. 
 
4-amino-5-(4-bromophenyl)-3-(p-tolyl)-[2, 2'-bipyridine]-6-carbonitrile(4h): 

 

Yellow solid (75%); Purified by recrystallization (petroleum ether : ethyl acetate = 
3:1); mp: 162 – 164 oC; 1H NMR (500 MHz, CDCl3) δ 8.45 (t, J = 8.0 Hz ,1H), 7.68 
(d, J = 8.0 Hz, 2H), 7.50 (d, J = 7.5 Hz, 1H), 7.36 (d, J = 7.0 Hz, 2H), 7.24 (m, 1H), 
7.11 (m, 3H), 7.04 (t, J = 5.7 Hz, 2H), 4.40 (s, 2H), 2.30 (s, 3H); 13C NMR (125 MHz, 
CDCl3) δ 171.14, 156.99 , 150.22, 149.01, 138.15, 135.79, 132.99, 131.81, 131.41, 
131.35, 130.74, 129.95, 129.73, 125.25, 124.52, 123.97, 123.62, 122.59, 116.72, 
21.25; HRMS (EI): m/z Calcd for C24H17BrN4 (M)+ 440.0637; Found: m/z 440.0639. 
 
Methyl4-amino-3-(4-(benzyloxy)phenyl)-5-(4-chlorophenyl)-6-(3-fluorophenyl)pi
colinate(4i): 

  

Yellow-brown solid (69%); Purified by recrystallization chromatography (silica gel ; 
petroleum ether : ethyl acetate = 6 : 1 to 3:1); mp: 167 – 170 oC; 1H NMR (500 MHz, 
CDCl3) δ 7.46 (d, J = 7.5Hz, 2H), 7.41 (t, J = 7.5 Hz, 2H), 7.38 – 7.28 (m, 5H), 7.18 – 
7.05 (m, 6H), 7.00 (d, J = 7.6 Hz, 1H), 6.89 (dd, J = 11.5, 5.0 Hz, 1H), 5.11 (s, 2H), 
4.23 (s, 2H), 3.66 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 167.38, 163.30, 161.35, 
158.86, 154.96, 150.41, 148.73, 142.04, 136.69, 134.16, 133.65, 131.83, 130.68, 
129.66, 129.23, 128.67, 128.15, 126.22, 125.54, 120.52, 120.33, 116.92, 116.74, 
115.63, 114.74, 114.57, 70.06, 52.37; HRMS (EI): m/z Calcd for C32H24ClFN2O3 (M)+ 
538.1459; Found: m/z 538.1464. 
 
4-amino-3, 5-bis(4-chlorophenyl)-6-(4-methoxyphenyl)picolinonitrile(4j): 
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Yellow solid (50%); Purified by chromatography (silica gel ; petroleum ether : ethyl 
acetate = 6 : 1 to 3:1); mp: 219 – 221 oC; 1H NMR (500 MHz, CDCl3) δ 7.52 (d, J = 
8.5 Hz, 2H), 7.42 (d, J = 8.5 Hz, 2H), 7.36 (d, J = 8.5 Hz, 2H), 7.15 (m, 4H), 6.72 (d, 
J = 7.0 Hz, 2H), 4.31 (s, 2H), 3.76 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 159.56, 
157.77, 149.76, 135.73, 134.41, 133.24, 132.15, 131.66, 131.19, 131.04, 130.78, 
130.09, 129.88, 128.15, 124.40, 121.31, 116.84, 113.33, 55.23; HRMS (EI): m/z 
Calcd for C25H17Cl2N3O (M)+ 445.0749; Found: m/z 445.0747. 
 
4-amino-3-(4-chlorophenyl)-5-(4-methoxyphenyl)-6-(3-nitrophenyl)picolinonitril
e(4k): 

N CN

NH2
OMe

O2N

Cl

 

Yellow solid (87%); Purified by recrystallization (petroleum ether : ethyl acetate = 
3:1); mp: 219 – 220 oC; 1H NMR (500 MHz, CDCl3) δ 8.15 (s, 1H), 8.08 (d, J = 8.0 
Hz, 1H), 7.57 (d, J = 7.5 Hz, 1H), 7.40 (m, 5H), 7.15 (d, J = 8.0 Hz, 2H), 7.09 (d, J = 
8.5 Hz, 2H), 4.45 (s, 2H), 3.87 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 160.64, 155.04, 
150.56, 147.77, 140.61, 135.46, 135.07, 133.26, 132.28, 131.55, 130.86, 130.22, 
128.93, 126.55, 124.75, 123.54, 122.98, 121.60, 116.82, 115.32, 55.40; HRMS (EI): 
m/z Calcd for C25H17ClN4O3 (M)+ 456.0989; Found: m/z 456.0993. 
 
4-amino-3, 5-bis(4-bromophenyl)-6-phenylpicolinonitrile(4l): 

 

Yellow-brown solid (80%); Purified by recrystallization (petroleum ether : ethyl 
acetate = 3:1); mp: 221 – 222 oC; 1H NMR (500 MHz, CDCl3) δ 7.70 (d, J = 8.5 Hz, 
2H), 7.49 (d, J = 8.5 Hz, 2H), 7.37 (d, J = 8.5 Hz, 2H), 7.24 – 7.19 (m, 5H), 7.06 (d, J 
= 8.5 Hz, 2H), 4.34 (s, 2H); 13C NMR (125 MHz, CDCl3) δ 158.24 , 149.65, 138.72, 
133.40, 133.06, 132.74, 132.20, 131.91, 131.40, 131.16, 129.54, 128.25, 127.93, 
124.76, 124.09, 122.67, 121.70, 116.72; HRMS (EI): m/z Calcd for C24H15Br2N3 (M)+ 
502.9633; Found: m/z 502.9630. 
 
4-amino-6-(4-bromophenyl)-3-(4-chlorophenyl)-5-(4-methoxyphenyl)picolinonitr
-ile(4m): 
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White solid (96%); Purified by recrystallization (petroleum ether : ethyl acetate = 3:1); 
mp:263 – 265 oC; 1H NMR (500 MHz, CDCl3) δ 7.40 (d, J = 8.5 Hz, 2H), 7.37 (d, J = 
8.5 Hz, 2H), 7.33 (d, J = 8.5 Hz, 2H), 7.24 (d, J = 7.5 Hz, 2H), 7.18 (d, J = 7.5 Hz, 
2H), 7.08 (d, J = 8.5 Hz, 2H), 4.36 (s, 2H), 3.87 (s, 3H); 13C NMR (125 MHz, CDCl3) 
δ 160.52, 156.48 , 150.25, 137.87, 134.64, 132.90, 132.60, 131.59, 131.25, 131.07, 
130.90, 129.96, 126.06, 123.84, 122.66, 121.30, 116.99, 115.25, 55.39; HRMS (EI): 
m/z Calcd for C25H17BrClN3O (M)+ 489.0244; Found: m/z 489.0243. 
 
4-amino-5-(4-chlorophenyl)-3-(4-fluorophenyl)-6-phenylpicolinonitrile(4n): 

 

White solid (88%); Purified by recrystallization (petroleum ether : ethyl acetate = 
3:1);mp: 273 – 275 oC; 1H NMR (500 MHz, CDCl3) δ 7.51 – 7.45 (m, 2H), 7.34 (d, J 
= 8.5 Hz, 2H), 7.29 – 7.19 (m, 7H), 7.16 – 7.10 (m, 2H), 4.32 (s, 2H); 13C NMR (125 
MHz, CDCl3) δ 154.70, 148.22, 140.07, 139.97, 139.18, 138.59, 135.89, 135.61, 
133.24, 132.54, 132.45, 131.71, 131.25, 130.72, 130.29, 129.34, 124.98, 124.66, 
123.83, 123.67, 116.45; HRMS (EI): m/z Calcd for C24H15ClFN3 (M)+ 399.0939; 
Found: m/z 399.0933. 
 
4-amino-3-(4-bromophenyl)-6-phenyl-5-(p-tolyl)picolinonitrile(4o): 

 
White solid (66%); Purified by chromatography (silica gel ; petroleum ether : ethyl 
acetate = 6 : 1 to 3:1); mp: 197 – 198 oC; 1H NMR (500 MHz, CDCl3) δ 7.70 (d, J = 
8.5 Hz, 2H), 7.39 (d, J = 8.0 Hz, 2H), 7.27 (d, J = 7.5 Hz, 2H), 7.20 – 7.14 (m, 5H), 
7.05 (d, J = 8.0 Hz, 2H), 4.33 (s, 2H), 2.34 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 
158.22, 149.88, 139.14, 138.27, 133.01, 131.20, 130.19, 129.94, 129.75, 129.61, 
128.32, 127.99, 127.73, 125.80, 124.55, 123.95, 123.07, 116.92, 21.28; HRMS (EI): 
m/z Calcd for C25H18BrN3 (M)+ 439.0684; Found: m/z 439.0687. 
 
4-amino-3-(4-bromophenyl)-5, 6-diphenylpicolinonitrile(4p): 
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White solid (77%); Purified by chromatography (silica gel ; petroleum ether : ethyl 
acetate = 6 : 1 to 3:1); mp: 263 – 265 oC; 1H NMR (500 MHz, DMSO) δ 7.79 (d, J = 
8.5 Hz, 2H), 7.50 (d, J = 8.5 Hz, 2H), 7.43 – 7.29 (m, 3H), 7.19 (m, 7H), 5.30 (s, 2H); 
13C NMR (125 MHz, DMSO) δ 157.76, 151.26, 139.84, 134.86, 132.84, 132.46, 
132.46, 131.51, 131.71, 129.74, 129.65, 128.53, 128.14, 127.94, 124.79, 123.33, 
123.11, 117.65; HRMS (EI): m/z Calcd for C24H16BrN3 (M)+ 425.0528; Found: m/z 
425.0529. 
 
4-amino-3, 5-bis(4-bromophenyl)-6-(3-nitrophenyl)picolinonitrile(4q): 

 

Light yellow solid (91%); Purified by recrystallization (petroleum ether : ethyl acetate 
= 3:1); mp: 289 – 291 oC; 1H NMR (500 MHz, DMSO) δ 8.20 – 8.13 (m, 1H), 8.10 (s, 
1H), 7.87 – 7.83 (d, J = 8.5 Hz 2H), 7.63 (m, 3H), 7.57 (t, J = 8.0 Hz, 1H), 7.54 – 
7.50 (d, J = 8.5 Hz ,2H), 7.29 – 7.21 (d, J = 8.5 Hz, 2H), 5.75 (s, 2H); 13C NMR (125 
MHz, DMSO) δ 154.85, 151.37, 147.16, 140.73, 135.78, 133.15, 132.67, 132.46, 
132.33, 132.12, 131.74, 131.39, 129.29, 125.03, 124.04, 122.90, 122.76 121.85, 
121.74, 117.00; HRMS (EI): m/z Calcd for C24H14Br2N4O2 (M)+ 547.9484; Found: 
m/z 547.9487. 
 
4-amino-3, 5-bis(4-bromophenyl)-6-(5-bromothiophen-2-yl)picolinonitrile(4r): 

 

White solid (61%); Purified by chromatography (silica gel ; petroleum ether : ethyl 
acetate = 6 : 1 to 3:1); mp: 249 – 250 oC; 1H NMR (500 MHz, CDCl3) δ 7.73 (d, J = 
8.5 Hz, 2H), 7.70 (d, J = 8.5 Hz, 2H), 7.34 (d, J = 8.5 Hz, 2H), 7.20 (d, J = 8.5 Hz, 
2H), 6.78 (d, J = 4.0 Hz, 1H), 6.19 (d, J = 4.0 Hz, 1H), 4.14 (s, 2H); 13C NMR (125 
MHz, CDCl3) δ 158.36 150.04, 144.34, 133.92, 133.11, 132.70, 132.21, 131.58, 
131.29, 130.83, 130.49, 128.91, 128.10, 126.82, 124.93, 124.03, 119.07, 116.95; 
HRMS (EI): m/z Calcd for C22H12Br3N3S (M)+ 586.8032; Found: m/z 586.8035. 
 
4-amino-3, 5-bis(4-bromophenyl)-6-propylpicolinonitrile(4s): 
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Light yellow solid (43%); Purified by chromatography (silica gel ; petroleum ether : 
ethyl acetate = 6 : 1 to 3:1); mp: 198 – 201 oC; 1H NMR (500 MHz, CDCl3) δ 7.68 (m, 
4H), 7.32 (d, J = 8.5 Hz, 2H), 7.15 (d, J = 8.5 Hz, 2H), 4.01 (s, 2H), 2.45 – 2.39 (m, 
2H), 1.65 – 1.58 (m, 2H), 0.83 (t, J = 7.5 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 
161.09, 149.12, 133.57, 133.28, 133.21, 132.24, 131.7, 131.57, 131.54, 124.16, 
124.07, 123.28, 122.67, 117.18, 29.93, 22.78, 14,24; HRMS (EI): m/z Calcd for 
C21H17Br2N3 (M)+ 468.9789; Found: m/z 468.9791. 
 
4-amino-3-isopropyl-5, 6-diphenylpicolinonitrile (4t): 

 

White solid (95%); Purified by recrystallization (petroleum ether : ethyl acetate = 3:1); 
mp: 208 – 210 oC; 1H NMR (500 MHz, CDCl3) δ 7.37-7.31 (m, 3H), 7.23 – 7.17 (m, 
2H), 7.16 – 7.10 (m, 5H), 4.45 (s, 2H), 3.57 (m, 1H), 1.51 (d, J = 7.0 Hz, 6H); 13C 
NMR (125 MHz, CDCl3) δ 156.77, 149.89, 139.20, 134.70, 131.67, 130.37, 129.51, 
129.36, 129.00, 128.26, 127.74, 127.63, 123.85, 117.69, 29.24, 20.00;  HRMS (EI): 
m/z Calcd for C21H19N3 (M)+ 313.1579; Found: m/z 313.1572.  
 
4-amino-5-methyl-3, 6-diphenylpicolinonitrile(4u): 

 

Brown solid (80%); Purified by chromatography (silica gel ; petroleum ether : ethyl 
acetate = 6 : 1 to 3:1); mp: 158 – 160 oC; 1H NMR (500 MHz, CDCl3) δ 7.58 – 7.55 
(m, 2H), 7.52 – 45 (m, 8H), 4.38 (s, 2H), 2.18 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 
159.30, 150.28, 139.61, 132.59, 130.44, 129.69, 129.43, 129.13, 128.87, 128.41, 
128.30, 125.52, 117.28, 117.17, 14.42; HRMS (EI): m/z Calcd for C19H15N3 (M)+ 
285.1266; Found: m/z 285.1264. 
 
4-amino-3, 6-diphenylpicolinonitrile(4v): 
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Yellow solid (50%); Purified by chromatography (silica gel ; petroleum ether : ethyl 
acetate = 6 : 1 to 3:1); mp: 85 – 88 oC; 1H NMR (500 MHz, CDCl3) δ 7.98 (d, J = 7.0 
Hz, 2H), 7.56 (t, J = 7.5 Hz, 2H), 7.50 – 7.45 (m, 6H), 7.18 (s, 1H), 4.42 (s, 2H); 13C 
NMR (125 MHz, CDCl3) δ 158.13, 151.80, 137.91, 133.56, 132.02, 129.63, 129.48, 
128.79, 126.90, 126.12, 117.16, 107.99; HRMS (EI): m/z Calcd for C18H13N3 (M)+ 
271.1109; Found: m/z 271.1111. 
 
(E)-4-amino-3-(4-bromophenyl)-6-styryl-5-(p-tolyl)picolinonitrile(4w): 

 

Light yellow solid (57%); Purified by chromatography (silica gel ; petroleum ether : 
ethyl acetate = 6 : 1 to 3:1); mp: 200 – 202 oC; 1H NMR (500 MHz, CDCl3) δ 7.83 (d, 
J = 15.5 Hz, 1H), 7.69 – 7.68 (m, 2H), 7.38 – 7.35 (m, 6H), 7.29 (t, J = 7.5 Hz, 2H), 
7.24 – 7.20 (m, 3H), 6.73 (d, J = 15.5 Hz, 1H), 4.16 (s, 2H), 2.47 (s, 3H); 13C NMR 
(125 MHz, CDCl3) δ 152.44, 148.57, 137.81, 135.56, 134.16, 131.91, 130.98, 130.59, 
130.45, 129.47, 129.43, 128.78, 127.56, 127.45, 126.37, 123.06, 122.79, 122.70, 
122.14, 116.13, 20.38; HRMS (EI): m/z Calcd for C27H20BrN3 (M)+ 465.0841; Found: 
m/z 465.0839. 
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4. 1H NMR and 13C NMR Spectra: 
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5. 2D 1H-1H NOESY Spectra: 
 

 

NOE interaction was not observed between isopropyl group(C and E) and phenyls 
groups (A and B) implied they were not at the same side of the pyridine ring, the 
followed possible structure of 4t can be excluded: 
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6. X-ray crystallography Data of 4c and 4h: 
  Single crystals of compound 4c and 4h were measured on a Rigaku RAXIS-RAPID 
single-crystal diffractometer. The recrystallization solvent of 4c and 4h was methanol. 
The single crystal of 4h contained a molecule of methanol. 

Fig. S1  X-ray crystal structure of 4c 

 

 

Fig. S2  X-ray crystal structure of 4h 
 

 
 
 
 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



S36 
 

Table S1  X-ray crystallography data of 4c 
Formula moiety C26H20BrN3O 
Formula sum C26H20BrN3O 
Formula weight 470.36 
Temperature  296 (1) K 
Crystal system Triclinic 
Space group P-1 
Unit cell dimensions a=9.9984 (6) Å 

b=10.6788 (7) Å 
c=12.6094 (9) Å 
alpha = 68.7577 (18) deg. 
beta = 86.7228 (18) deg. 
gamma = 66.0269 (14) deg. 

Volume 1140.17 (13) Å3 
Z 2 
Calculated density 1.370 Mg/m3 
Absorption coefficient 1.825 mm-1 
F(000) 480 
Crystal size 0.37 x 0.34 x 0.18 mm 
Theta range for data collection 3.3 to 27.4 deg. 
Reflections collected / unique 9008 / 3964 [R(int) = 0.0334] 
Data / restraints / parameters 3964 / 0 / 283 
Goodness-of-fit on F2 1.003 
Final R indices [I>2sigma(I)] R1 = 0.0416, wR2 = 0.0834 
R indices (all data) R1 = 0.0940, wR2 = 0.1233 

 
Table S2  X-ray crystallography data of 4h 
Formula moiety C24H17BrN4, CH4O 
Formula sum C25H21BrN4O 
Formula weight 473.37 
Temperature  296 (1) K 
Crystal system Monoclinic 
Space group P2(1)/c 
Unit cell dimensions a=14.3833 (8) Å 

b=11.4881 (6) Å 
c=14.3173 (8) Å 
alpha = 90.00 deg. 
beta = 107.727 (2) deg. 
gamma = 90.00 (14) deg. 

Volume 2253.4 (2) Å3 
Z 4 
Calculated density 1.395 Mg/m3 
Absorption coefficient 1.848 mm-1 
F(000) 968 
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Crystal size 0.37 x 0.26 x 0.18 mm 
Theta range for data collection 3.4 to 27.4 deg. 
Reflections collected / unique 14146 / 4400 [R(int) = 0.0434] 
Data / restraints / parameters 4400 / 0 / 282 
Goodness-of-fit on F2 1.002 
Final R indices [I>2sigma(I)] R1 = 0.0436, wR2 = 0.1167 
R indices (all data) R1 = 0.1029, wR2 = 0.1741 
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