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1. Experimental section

1.1 Synthesis of Pd-PEPPSI Complexes

1.1.1   Preparation of Benzimidazolium salts 

Benzimidazolium salts of corresponding Pd-PEPPSI Complexes were synthesized by 

following the our previous literature reports.1

1.1.2 General Procedure for the synthesis of Pd-PEPPSI Complexes (C1-C6)

Pd-PEPPSI complexes were prepared under air by heating corresponding benzimidazolium salt 

(1 mmol, 1 equiv.), K2CO3 (5 mmol, 5 equiv.), and PdCl2 (1.1 mmol, 1.1 equiv.) in 3-

chloropyridine (3 mL) at 80 °C for 10–12 h. After cooling, the mixture was filtered through 

Celite, extracted with ethyl acetate and water, dried over Na2SO4, and concentrated. 

Purification by column chromatography (20% ethyl acetate in hexane) afforded complexes C1-

C6 as pale yellow solids.1

2. Characteristic data

2-Phenylpyridine (3a)2-5 Colorless oil; 33 mg, yield 69%; Rf = 0.85 (EtOAc); 1H 
NMR (400 MHz, CDCl3): δ (ppm) 8.66–8.64 (m, 1H, 
Ar-H), 8.00–7.98 (m, 2H, Ar-H), 7.64–7.58 (m, 2H, Ar-
H), 7.46–7.32 (m, 3H, Ar-H), 7.24–7.12 (m, 1H, Ar-H); 
13C NMR (100 MHz, CDCl3): δ (ppm) 157.21 (Ar-C), 
149.34 (Ar-C), 139.21 (Ar-C), 136.23 (Ar-C), 128.67 
(Ar-C), 128.23 (Ar-C), 126.51 (Ar-C), 121.72 (Ar-C), 
120.32 (Ar-C); HRMS (ESI+) m/z calcd for C11H9N 
[M+H]+ 156.0735, found: 156.0732. The spectral data of 
this compound are in complete agreement with those 
reported in the literature.3 

2-(4-Methoxyphenyl)pyridine 
(3b)2,4,5

Colorless solid; m.p. 55-58 oC; 53 mg, yield 92%; Rf = 
0.85 (EtOAc); 1H NMR (400 MHz, CDCl3): δ (ppm) 
8.56 (d, J = 4.6 Hz, 1H, Ar-H), 7.96 (d, J = 8.6 Hz, 2H, 
Ar-H), 7.72–7.70 (m, 2H, Ar-H), 7.19–7.16 (m, 1H, Ar-
H), 7.12 (d, J = 7.6 Hz, 2H, Ar-H), 3.85 (s, 3H, Ar-
OCH3); 13C NMR (100 MHz, CDCl3): δ (ppm) 159.21 
(Ar-C), 156.21 (Ar-C), 148.32 (Ar-C), 136,52 (Ar-C), 
132.75 (Ar-C), 129.21 (Ar-C), 122.23 (Ar-C), 119.43 
(Ar-C), 113.08 (Ar-C), 52.87 (Ar-OCH3); HRMS (ESI+) 
m/z calcd for C12H11NO [M+H]+ 186.0841, found: 
186.0843. The spectral data of this compound are in 
complete agreement with those reported in the 
literature.2,4,5 
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2-(p-Tolyl)pyridine (3c)2-5 Colorless oil; 47 mg, yield 89%; Rf = 0.85 (EtOAc); 1H 
NMR (400 MHz, CDCl3): δ (ppm) 8.63 (d, J = 4.6 Hz, 
1H, Ar-H), 7.88 (d, J = 8.1 Hz, 2H, Ar-H), 7.65–7.63 (m, 
2H, Ar-H), 7.14 (d, J = 8.2 Hz, 2H, Ar-H), 7.12-7.10 (m, 
1H, Ar-H), 2.36 (s, 3H, Ar-CH3); 13C NMR (100 MHz, 
CDCl3): δ (ppm) 156.21 (Ar-C), 148.51 (Ar-C), 136.81 
(Ar-C), 135.62 (Ar-C), 134.51 (Ar-C), 128.41 (Ar-C), 
124.71 (Ar-C), 120.72 (Ar-C), 121.16 (Ar-C), 21.26 
(Ar-CH3); HRMS (ESI+) m/z calcd for C12H11N [M+H]+ 

170.0891, found: 170.0893. The spectral data of this 
compound are in complete agreement with those reported 
in the literature.3 

2-(o-Tolyl)pyridine (3d)3,4,6 Colorless oil; 46 mg, yield 87%; Rf = 0.85 (EtOAc); 1H 
NMR (400 MHz, CDCl3): δ (ppm) 8.66-8.64 (m, 1H, Ar-
H), 7.74 (dt, 1H, J =7.6 & 1.8 Hz, Ar-H), 7.36 (td, 1H, J 
= 7.8 & 1.2 Hz, Ar-H), 7.40 (m, 1H, Ar-H), 7.26 (m, 3H, 
Ar-H), 7.21-7,24 (m, 1H, Ar-H), 2.36 (s, 3H, Ar-CH3); 
13C NMR (100 MHz, CDCl3): δ (ppm) 156.21 (Ar-C), 
148.31 (Ar-C), 138.62 (Ar-C), 135.23 (Ar-C), 135.21 
(Ar-C), 128.23 (Ar-C), 125.52 (Ar-C), 121.52 (Ar-C), 
121.01 (Ar-C), 21.61 (Ar-CH3); HRMS (ESI+) m/z calcd 
for C12H11N [M+H]+ 170.0891, found: 170.0893. The 
spectral data of this compound are in complete agreement 
with those reported in the literature.3,4 

2-(4-(tert-Butyl)phenyl)pyridine 
(3e)7

Colorless oil; 60 mg, yield 91%; Rf = 0.85 (EtOAc); 1H 
NMR (400 MHz, CDCl3): δ (ppm) 8.65 (d, J = 4.6 Hz, 
1H, Ar-H), 8.10 (d, J = 7.6 Hz, 2H, Ar-H), 7.56 (d, J = 
3.5 Hz, 2H, Ar-H), 7.45 (d, J = 8.2 Hz, 2H, Ar-H), 7.21 
(dd, J = 8.3 & 5.1 Hz, 1H, Ar-H), 1.42 (s, 9H, -C(CH3)3); 
13C NMR (100 MHz, CDCl3): δ (ppm) 156.21 (Ar-C), 
152.51 (Ar-C), 149.01 (Ar-C), 136.30 (Ar-C), 136.08 
(Ar-C), 126.25 (Ar-C), 125.12 (Ar-C), 121.85 (Ar-C), 
121.21 (Ar-C), 33.34 (-C(CH3)3), 32.36 (-C(CH3)3); 
HRMS (ESI+) m/z calcd for C15H17N [M+H]+ 212.1361, 
found: 212.1364.  The spectral data of this compound are 
in complete agreement with those reported in the 
literature.7  

2-(4-Butylphenyl)pyridine (3f) Colorless oil; 60 mg, yield 90%; Rf = 0.85 (EtOAc); 1H 
NMR (400 MHz, CDCl3): δ (ppm) 8.67-8.66 (m, 1H, Ar-
H), 7.90-7.88 (m, 2H, Ar-H), 7.74-7.68 (m, 2H, Ar-H), 
7.290 (d, J = 6.4 Hz, 2H, Ar-H), 7.21-7.18 (m, 1H, Ar-
H), 2.67 (t, J = 6.0 Hz, 2H, Ar-CH2-), 1.66-1.60 (m, 2H, 
-CH2-), 1.39-1.35 (m, 2H, -CH2-CH3), 0.95 (t, J = 5.6 
Hz, 3H, -CH2-CH3); 13C NMR (100 MHz, CDCl3): δ 
(ppm) 157.57 (Ar-C), 149.50 (Ar-C), 144.06 (Ar-C), 
136.83 (Ar-C), 129.35 (Ar-C), 128.89 (Ar-C), 126.86 
(Ar-C), 121.85 (Ar-C), 120.47 (Ar-C), 115.18 (Ar-C), 
35.43 (Ar-CH2-), 33.55 (-CH2-), 22.38 (-CH2-CH3), 
13.99 (-CH2-CH3); HRMS (ESI+) m/z calcd for C15H17N 
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[M+H]+ 212.1361, found: 212.1364.   
2-(4-Phenoxyphenyl)pyridine 
(3g)

Colorless solid; m. p. 46-48 oC; 72 mg, yield 92%; Rf = 
0.85 (EtOAc); 1H NMR (400 MHz, CDCl3): δ (ppm) 
8.60-8.58 (m, 1H, Ar-H), 7.91-7.87 (m, 2H, Ar-H), 7.68-
7.59 (m, 2H, Ar-H), 7.30-7.25 (m, 2H, Ar-H), 7.14-7.11 
(m, 1H, Ar-H), 7.07-6.97 (m, 5H, Ar-H); 13C NMR (100 
MHz, CDCl3): δ (ppm) 158.33 (Ar-C), 156.87 (Ar-C), 
149.58 (Ar-C), 136.86 (Ar-C), 134.35 (Ar-C), 129.85 
(Ar-C), 128.47 (Ar-C), 123.60 (Ar-C), 121.83 (Ar-C), 
120.21 (Ar-C), 119.23 (Ar-C), 118.84 (Ar-C); HRMS 
(ESI+) m/z calcd for C17H13NO [M+H]+ 248.0997, found: 
248.0995.  

2-([1,1'-Biphenyl]-4-yl)pyridine 
(3h)7

Colorless solid; m.p. 48-50 oC; 62 mg, yield 85%; Rf = 
0.85 (EtOAc); 1H NMR (400 MHz, CDCl3): δ (ppm) 
8.73 (d, J = 4.7 Hz, 1H, Ar-H), 8.21 (d, J = 8.4 Hz, 2H, 
Ar-H), 7.86 – 7.80 (m, 2H, Ar-H), 7.76 (d, J = 8.3 Hz, 
2H, Ar-H), 7.75 – 7.66 (m, 2H, Ar-H), 7.45 (t, J = 7.6 
Hz, 2H, Ar-H), 7.39 (t, J = 7.3 Hz, 1H, Ar-H), 7.31-7.25 
(m, 1H, Ar-H); 13C NMR (100 MHz, CDCl3): δ (ppm) 
156.21 (Ar-C), 148.34 (Ar-C), 141.76 (Ar-C), 140.87 
(Ar-C), 139.38 (Ar-C), 135.96 (Ar-C), 126.14 (Ar-C), 
127.58 (Ar-C), 127.44 (Ar-C), 127.35 (Ar-C), 127.10 
(Ar-C), 122.65 (Ar-C), 120.87 (Ar-C); HRMS (ESI+) 
m/z calcd for C17H13N [M+H]+ 232.1048, found: 
232.1045.  The spectral data of this compound are in 
complete agreement with those reported in the literature.7 
 

2-(4'-pentyl-[1,1'-biphenyl]-4-
yl)pyridine (3i)

Colorless solid; m.p. 85-87 oC; 83 mg, yield 88%; Rf = 
0.85 (EtOAc); 1H NMR (400 MHz, CDCl3): δ (ppm) 
8.71 (d, J = 3.6 Hz, 1H, Ar-H), 8.07 (d, J = 6.8 Hz, 2H, 
Ar-H), 7.78 – 7.73 (m, 2H, Ar-H), 7.71 (d, J = 6.4 Hz, 
2H, Ar-H), 7.58 (d, J = 6.4 Hz, 2H, Ar-H), 7.28 (d, J = 
6.4 Hz, 2H, Ar-H), 7.24-7.21 (m, 1H, Ar-H), 2.67 (t, J = 
6.4 Hz, 2H, Ar-CH2-), 1.69 (quin,  = 6.0 Hz, 2H, Ar-CH2-
CH2-CH2-), 1.38-1.34 (m, 4H, -CH2-CH2-), 0.92 (t, J = 
5.6 Hz, 3H, -CH2-CH3) ; 13C NMR (100 MHz, CDCl3): 
δ (ppm) 157.15 (Ar-C), 149.74 (Ar-C), 142.48 (Ar-C), 
141.70 (Ar-C), 137.98 (Ar-C), 137.89 (Ar-C), 136.76 
(Ar-C), 128.93 (Ar-C), 127.27 (Ar-C), 126.94 (Ar-C), 
122.06 (Ar-C), 120.43 (Ar-C), 35.64 (Ar-CH2-), 31.59 
(Ar-CH2-CH2-CH2-), 31.22 (Ar-CH2-CH2-CH2-), 22.60 
(-CH2-CH3), 14.08 (-CH2-CH3) ; HRMS (ESI+) m/z 
calcd for C22H23N [M+H]+  302.1830, found: 302.1834.  

4-(Pyridin-2-yl)benzoic acid (3j) Colorless solid; m.p. 191-193 oC; 42 mg, yield 67 %; Rf 
= 0.85 (EtOAc); 1H NMR (400 MHz, CDCl3): δ (ppm) 
7.85-7.79 (m,1H, Ar-H), 7.70-7.66 (m, 1H, Ar-H), 7.44 
– 7.32 (m, 3H, Ar-H), 7.24-7.21 (m, 2H, Ar-H), 6.79 (d, 
J = 3.2 Hz, 1H, Ar-H); 13C NMR (100 MHz, CDCl3): δ 
(ppm) 142.96 (Ar-C), 135.00 (Ar-C), 134.03 (d, J = 7.3 
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Hz, Ar-C), 133.44 (d, J = 14.6 Hz, Ar-C), 132.57 (d, J = 
10.2 Hz, Ar-C), 132.09 (d, J = 9.1 Hz, Ar-C), 131.16 (d, 
J = 22.0 Hz, Ar-C), 129.56 (Ar-C), 128.50 (Ar-C), 
127.42 (Ar-C), 125.88 (Ar-C); HRMS (ESI+) m/z calcd 
for C12H9NO2 [M+H]+ 200.0633, found: 200.0637. 

2-(4-(Trifluoromethyl) 
phenyl)pyridine (3k)7

Colorless solid; m.p. 76-78 oC; 45 mg, yield 65%; Rf = 
0.85 (EtOAc); 1H NMR (400 MHz, CDCl3): δ (ppm) 
8.72 (d, J = 4.6 Hz, 1H, Ar-H), 8.12 (d, J = 8.0 Hz, 2H, 
Ar-H), 7.84-7.65 (m, 4H, Ar-H), 7.35 (t, J = 6.5 Hz, 1H, 
Ar-H); 13C NMR (100 MHz, CDCl3): δ (ppm) 156.32 
(Ar-C), 149.65 (Ar-C), 142.65 (Ar-C), 135.23 (Ar-C), 
131,54 (Ar-C), 126.43 (Ar-C), 125.21 (Ar-C), 124.23 (q, 
J = 272.0 Hz, Ar-CF3), 122.84 (Ar-C), 121.21 (Ar-C); 
HRMS (ESI+) m/z calcd for C12H8F3N [M+H]+ 

224.0609, found: 224.0612.  The spectral data of this 
compound are in complete agreement with those reported 
in the literature.7 

2-(3-Fluorophenyl)pyridine 
(3m)10,11

Colorless oil; 43 mg, yield 80%; Rf = 0.85 (EtOAc); 1H 
NMR (400 MHz, DMSO-d6): δ (ppm) 7.16-8.08 (m, 7H, 
Ar-H), 8.66-8.79 (m, 1H, Ar-H); 13C NMR (100 MHz, 
DMSO-d6): δ (ppm) 156.21 (Ar-C), 148.67 (Ar-
C),137.23 (Ar-C), 136.43 (Ar-C) 129.54 (Ar-C), 128.64 
(Ar-C), 128.23 (Ar-C), 128.35 (Ar-C), 126.40 (Ar-C), 
122.51 (Ar-C), 120.10 (Ar-C); HRMS (ESI+) m/z calcd 
for C11H8FN [M+H]+ 174.0641, found: 174.0645. The 
spectral data of this compound are in complete agreement 
with those reported in the literature.10

2-(Benzo[b]thiophen-2-
yl)pyridine (3o)8,9

Colorless solid; m.p. 124126 oC; 43 mg, yield 80%; Rf = 
0.85 (EtOAc); 1H NMR (400 MHz, DMSO-d6): δ (ppm) 
8.62 (d, J = 4.3 Hz, 1H, Ar-H), 8.15 (s, 1H, Ar-H), 8.16 
(d, J = 8.2 Hz, 1H, Ar-H), 7.99 (dt, J = 7.9 & 2.4 Hz, 1H, 
Ar-H), 7.89-7.86 (m, 2H, Ar-H), 7.36-7.32 (m, 3H, Ar-
H); 13C NMR (100 MHz, DMSO-d6): δ (ppm) 151.62 
(Ar-C), 148.53 (Ar-C), 144.64 (Ar-C), 141.32 (Ar-C), 
138.93 (Ar-C), 137.34 (Ar-C), 125.21 (Ar-C), 124.42 
(Ar-C), 124.23 (Ar-C), 123.65 (Ar-C), 122.62 (Ar-C), 
121.45 (Ar-C), and 119.74 (Ar-C); HRMS (ESI+) m/z 
calcd for C13H9NS [M+H]+ 212.0456, found: 212.0460. 
The spectral data of this compound are in complete 
agreement with those reported in the literature.9

2-(Naphthalen-1-yl)pyridine 
(3p)3

Yellow oil; 53 mg, yield 83%; Rf = 0.85 (EtOAc); 1H 
NMR (400 MHz, CDCl3): δ (ppm) 8.78 (dd, J = 4.8 & 
1.7 Hz, 1H, Ar-H), 8.15 (dd, J = 7.2 & 2.6 Hz, 1H, Ar-H), 
7.86 (d, J = 8.4 Hz, 2H, Ar-H), 7.81 (dt, J = 7.7 & 1.7 
Hz, 1H, Ar-H), 7.57-7.53 (m, 5H, Ar-H), 7.33-7.31 (m, 
1H, Ar-H); 13C NMR (100 MHz, CDCl3): δ (ppm) 
158.79 (Ar-C), 149.31 (Ar-C), 139.46 (Ar-C), 135.15 
(Ar-C), 133.81 (Ar-C), 130.22 (Ar-C), 128.31 (Ar-C), 
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128.08 (Ar-C), 127.12 (Ar-C), 126.82 (Ar-C), 126.01 
(Ar-C), 125.71 (Ar-C), 125.21 (Ar-C), 124.26 (Ar-C), 
122.01 (Ar-C); HRMS (ESI+) m/z calcd for C15H11N 
[M+H]+ 206.0891, found: 206.0895. The spectral data of 
this compound are in complete agreement with those 
reported in the literature.3

2-(naphthalen-2-yl)pyridine 
(3q)3

Yellow solid; m.p. 77-78 oC; 54 mg, yield 85%; Rf = 0.85 
(EtOAc); 1H NMR (400 MHz, CDCl3): 8.76 (d, J = 4.2 
Hz, 1H, Ar-H), 8.50 (s, 1H, Ar-H), 8.15 (dd, J = 8.6 & 
1.5 Hz, 1H, Ar-H), 7.92 (m, 4H, Ar-H), 7.84 (td,  J = 7.5 
& 1.8 Hz, 1H, Ar-H), 7.54 (m, 2H, Ar-H), 7.24 (dd, J = 
7.5 & 4.2 Hz, 1H, Ar-H);  13C NMR (100 MHz, CDCl3): 
δ (ppm) 156.21 (Ar-C), 148.52 (Ar-C), 136.98 (Ar-C), 
133.21 (Ar-C), 133.31 (Ar-C), 128.91 (Ar-C), 128.51 
(Ar-C), 127.81 (Ar-C), 126.51 (Ar-C), 126.31 (Ar-C), 
123.21 (Ar-C), 122.11 (Ar-C), 120.12 (Ar-C). HRMS 
(ESI+) m/z calcd for C15H11N [M+H]+ 206.0891, found: 
206.0895. The spectral data of this compound are in 
complete agreement with those reported in the literature.3

2,6-bis(4-methoxyphenyl) 
pyridine (6)

Colorless solid; m.p. 143-145 oC; 82 mg, yield 90%; Rf 
= 0.85 (EtOAc); 1H NMR (400 MHz, CDCl3): δ (ppm) 
8.11 (d, J = 7.2 Hz, 4H, Ar-H), 7.75 (t, J = 6.4 Hz, 1H, 
Ar-H), 7.57 (d, J = 6.0 Hz, 2H, Ar-H), 7.25 (s, 1H, Ar-
H), 7.02 (d, J = 7.2 Hz, 3H, Ar-H), 3.87 (s, 6H, Ar-
OCH3); 13C NMR (100 MHz, CDCl3): δ (ppm) 160.51 
(Ar-C), 156.34 (Ar-C), 137.31 (Ar-C), 132.32 (Ar-C), 
128.24 (Ar-C), 117.19 (Ar-C), 114.03 (Ar-C), 55.39 
(Ar-OCH3); HRMS (ESI+) m/z calcd for C19H17NO2 
[M+H]+ 292.1259, found: 292.1256.

Dibutyl (2-(pyridin-2-
yl)phenyl)phosphonate (5a)12

Colorless oil; 13 mg, yield 10%; Rf = 0.85 (EtOAc); 1H 
NMR (400 MHz, CDCl3): δ (ppm) 8.64 (d, J = 4.8 Hz, 
1H, Ar-H), 7.98 (dd, J = 14.4 Hz, 1H, Ar-H), 7.71-7.64 
(m, 2H, Ar-H), 7.64-7.61 (m, 1H, Ar-H), 7.58-7.55 (m, 
1H, Ar-H), 7.49-7.46 (m, 1H, Ar-H), 7.26-7.23 (m, 1H, 
Ar-H), 3.96-3.87 (m, 2H, -OCH2-),  3.88-3.79 (m, 2H, -
O-CH2-), 1.52-1.44 (m, 4H, -O-CH2-CH2-CH2-), 1.32-
1.23 (m, 4H, -CH2-CH3), 0.83 (t, J = 7.6 Hz, 6H, -CH2-
CH3); 13C NMR (100 MHz, CDCl3): δ (ppm) 158.6 (d, J 
= 4.0 Hz, Ar-C), 148.80 (Ar-C), 143.5 (Ar-C), 135.43 
(Ar-C), 132.63 (d, J = 9.6 Hz, Ar-C), 128.41 (d, J = 2.9 
Hz, Ar-C), 130.6 (Ar-C), 127.89 (Ar-C), 125.02 (Ar-C), 
118.73 (d, J = 8.2 Hz, Ar-C), 118.03 (d, J = 2.6 Hz, Ar-
C), 65.60 (d, J = 4.8 Hz, O-CH2-), 32.30 (d, J = 5.4 Hz, 
O-CH2-CH2-), 18.62 (-CH2-CH3), 13.30 (-CH2-CH3); 
31P NMR (162 MHz, CDCl3): δ (ppm) 24.02; HRMS 
(ESI+) m/z calcd for C19H26NO3P [M+H]+ 348.1650, 
found: 348.1654.  The spectral data of this compound are 
in complete agreement with those reported in the 
literature.12

Dibutyl (5-methoxy-2-(pyridin-
2-yl)phenyl)phosphonate (5b)

Colorless oil; 96 mg, yield 79%; Rf = 0.15 (EtOAc); 1H 
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NMR (400 MHz, CDCl3): δ (ppm) 8.65 (d, J = 4.8 Hz, 
1H, Ar-H), 7.72-7.64 (m, 2H, Ar-H), 7.58 (dd, J = 2.4 & 
13.2 Hz, 1H, Ar-H), 7.49-7.46 (m, 1H, Ar-H), 7.26-7.23 
(m, 1H, Ar-H), 7.14 (dd, J = 2.4 & 6.0 Hz, 1H, Ar-H), 
3.95-3.89 (m, 2H, -OCH2-), 3.89 (s, 3H, Ar-OCH3), 
3.88-3.81 (m, 2H, -O-CH2-), 1.51-1.43 (m, 4H, -O-CH2-
CH2-CH2-), 1.31-1.22 (m, 4H, -CH2-CH3), 0.88 (t, J = 
7.6 Hz, 6H, -CH2-CH3); 13C NMR (100 MHz, CDCl3): δ 
(ppm) 159.05 (d, J = 14.1 Hz, Ar-C), 158.68 (d, J = 3.4 
Hz, Ar-C), 148.80 (Ar-C), 137.15 (d, J = 7.3 Hz, Ar-C), 
135.43 (Ar-C), 132.63 (d, J = 12.7 Hz, Ar-C), 128.41 
(Ar-C), 126.94 (Ar-C), 124.89 (Ar-C), 122.02 (Ar-C), 
118.73 (d, J = 8.2 Hz, Ar-C), 118.03 (d, J = 2.4 Hz, Ar-
C), 65.80 (d, J = 4.8 Hz, O-CH2-), 55.58 (Ar-OCH3), 
32.30 (d, J = 5.4 Hz, O-CH2-CH2-), 18.68 (-CH2-CH3), 
13.60 (-CH2-CH3); 31P NMR (162 MHz, CDCl3): δ 
(ppm) 23.48; HRMS (ESI+) m/z calcd for C20H28NO4P 
[M+H]+ 378.1756, found: 378.1760.  

Dibutyl (5-methyl-2-(pyridin-2-
yl)phenyl)phosphonate (5c)

Colorless oil; 102 mg, yield 80%; Rf = 0.15 (EtOAc); 1H 
NMR (400 MHz, CDCl3): δ (ppm) 8.66-8.64 (m, 1H, Ar-
H), 7.87 (d, J = 12.0 Hz, 1H, Ar-H), 7.72-7.68 (m, 1H, 
Ar-H), 7.65-7.63 (m, 1H, Ar-H), 7.43-7.42 (m, 2H, Ar-
H), 7.28-7.25 (m, 1H, Ar-H), 3.94-3.80 (m, 4H, -O-CH2-
), 2.44 (s, 3H, Ar-CH3), 1.49-1.43 (m, 4H, -O-CH2-CH2-
), 1.30-1.22 (m, 4H, -CH2-CH3), 0.87 (t, J = 5.6 Hz, 6H, 
-CH2-CH3); 13C NMR (100 MHz, CDCl3): δ (ppm) 
158.99 (d, J = 4.3 Hz, Ar-C), 148.82 (Ar-C), 141.89 (d, 
J = 9.4 Hz, Ar-C), 137.92 (d, J = 14.3 Hz, Ar-C), 135.44 
(Ar-C), 134.49 (d, J = 9.2 Hz, Ar-C), 132.90 (Ar-C), 
131.10 (d, J = 14.4 Hz, Ar-C), 127.07 (Ar-C), 127.84 
(Ar-C), 122.17 (Ar-C), 65.71 (d, J = 6.0 Hz, -O-CH2-), 
32.33 (d, J = 6.6 Hz, -O-CH2-CH2-), 21.15 (Ar-CH3), 
18.70 (-CH2-CH3), 13.62 (-CH2-CH3); 31P NMR (162 
MHz, CDCl3): δ (ppm) 24.22; HRMS (ESI+) m/z calcd 
for C20H28NO3P [M+H]+ 362.1807, found: 362.1804.  

dibutyl (5-(tert-butyl)-2-(pyridin-
2-yl)phenyl)phosphonate (5d)

Colorless oil; 96 mg, yield 84%; Rf = 0.15 (EtOAc); 1H 
NMR (400 MHz, CDCl3): δ (ppm) 8.64-8.62 (m, 1H, Ar-
H), 8.04 (dd, J = 2.4 & 13.2 Hz, 1H, Ar-H), 7.71-7.60 
(m, 3H, Ar-H), 7.47-7.43 (m, 1H, Ar-H), 7.27-7.25 (m, 
1H, Ar-H), 3.92-3.79 (m, 4H, -O-CH2-), 1.48-1.38 (m, 
4H, -O-CH2-CH2-), 1.35 (s, 9H, -C(CH3)3), 1.30-1.20 
(m, 4H, -CH2-CH3), 0.86 (t, J = 7.2 Hz, 6H, -CH2-CH3); 
13C NMR (100 MHz, CDCl3): δ (ppm) 159.13 (d, J = 4.6 
Hz, Ar-C), 151.05 (d, J = 13.3 Hz, Ar-C), 148.89 (Ar-C), 
141.97 (d, J = 9.9 Hz, Ar-C), 135.50 (Ar-C), 131.00 (Ar-
C), 129.43 (d, J = 3.3 Hz, Ar-C), 126.96 (Ar-C), 125.11 
(Ar-C), 124.82 (Ar-C), 122.20 (Ar-C), 65.75 (d, J = 6.5 
Hz, O-CH2-), 34.87 (-C(CH3)3), 32.39 (d, J = 6.8 Hz, -O-
CH2-CH2-), 31.25 (C(CH3)3), 18.77 (-CH2-CH3), 13.67 
(-CH2-CH3); 31P NMR (162 MHz, CDCl3): δ (ppm) 
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24.37; HRMS (ESI+) m/z calcd for C23H34NO3P [M+H]+ 

404.2276, found: 404.2274.  
Dibutyl (5-butyl-2-(pyridin-2-
yl)phenyl)phosphonate (5e)

Colorless oil; 93 mg, yield 82%; Rf = 0.15 (EtOAc); 1H 
NMR (400 MHz, CDCl3): δ (ppm) 8.66-8.64 (m, 1H, Ar-
H), 7.86 (d, J = 14.4 Hz, 1H, Ar-H), 7.72-7.64 (m, 2H, 
Ar-H), 7.46-7.41 (m, 2H, Ar-H), 7.28-7.25 (m, 1H, Ar-
H), 3.94-3.80 (m, 4H, -O-CH2-), 2.71 (t, J = 7.6 Hz, 2H, 
Ar-CH2-), 1.68- 1.60 (m, 2H, Ar-CH2-CH2-), 1.50-1.42 
(m, 4H, O-CH2-CH2-), 1.40-1.33 (m, 2H, Ar-CH2-CH2-
CH2-CH3), 1.30-1.21 (m, 4H, -O-CH2-CH2-CH2-CH3), 
0.95 (t, J = 7.2 Hz, 3H, Ar-CH2-CH2-CH2-CH3), 0.87 (t, 
J = 7.6 Hz, 6H, -CH2-CH3); 13C NMR (100 MHz, 
CDCl3): δ (ppm) 159.04 (Ar-C), 148.79 (Ar-C), 142.89 
(d, J = 13.8 Hz, Ar-C), 142.05 (d, J = 9.3 Hz, Ar-C), 
135.47 (Ar-C), 133.90 (d, J = 9.3 Hz, Ar-C), 132.32 (Ar-
C), 131.10 (d, J = 14.3 Hz, Ar-C), 127.06 (Ar-C), 124.81 
(Ar-C), 122.17 (Ar-C), 116.16 (Ar-C), 65.72 (d, J = 6.0 
Hz, O-CH2-), 35.26 (Ar-CH2-), 33.41 (Ar-CH2-CH2-), 
32.34 (d, J = 6.6 Hz, -O-CH2-CH2-), 22.29 (Ar-CH2-
CH2-CH2-), 18.71 (-O-CH2-CH2-CH2-CH3), 13.93 (Ar- 
CH2- CH2-CH2-CH3), 13.62 (O-CH2-CH2-CH2-CH3); 
31P NMR (162 MHz, CDCl3): δ (ppm) 24.22; HRMS 
(ESI+) m/z calcd for C23H34NO3P [M+H]+ 404.2276, 
found: 404.2350.  

Dibutyl (5-phenoxy-2-(pyridin-2-
yl)phenyl)phosphonate (5f)

Colorless oil; 67 mg, yield 63%; Rf = 0.15 (EtOAc); 1H 
NMR (400 MHz, CDCl3): δ (ppm) 8.67-8.65 (m, 1H, Ar-
H), 7.73-7.71 (m, 2H, Ar-H), 7.64 (dd, J = 2.8 & 12.8 
Hz, 1H, Ar-H), 7.53-7.49 (m, 1H, Ar-H), 7.39-7.35 (m, 
2H, Ar-H), 7.29-7.27 (m, 1H, Ar-H),  7.23-7.20 (m, 1H, 
Ar-H), 7.17-7.13 (m, 1H, Ar-H), 7.07-7.05 (m, 2H, Ar-
H), 3.92-3.79 (m, 4H, -O-CH2-), 1.47-1.40 (m, 4H, O-
CH2-CH2-), 1.28-1.18 (m, 4H, -CH2-CH3), 0.86 (t, J = 
7.6 Hz, 6H, -CH2-CH3); 13C NMR (100 MHz, CDCl3): δ 
(ppm) 158.36 (d, J = 4.1 Hz, Ar-C), 157.20 (d, J = 18.2 
Hz, Ar-C), 156.40 (Ar-C), 148.87 (Ar-C), 139.37 (d, J = 
9.6 Hz, Ar-C), 135.62 (Ar-C), 132.92 (d, J = 15.8 Hz, Ar-
C), 129.95 (Ar-C), 127.55 (Ar-C), 124.85 (Ar-C), 
123.99 (Ar-C), 123.33 (d, J = 9.9 Hz, Ar-C), 122.27 (Ar-
C),121.94 (d, J = 2.4 Hz, Ar-C), 119.38 (Ar-C), 65.93 
(d, J = 6.2 Hz, -O-CH2-), 32.26 (d, J = 6.6 Hz, -O-CH2-
CH2-), 18.65 (-CH2-CH3), 13.58 (-CH2-CH3); 31P NMR 
(162 MHz, CDCl3): δ (ppm) 22.68; HRMS (ESI+) m/z 
calcd for C25H30NO4P [M+H]+ 440.1912, found: 
440.1999.  

Dibutyl (4-(pyridin-2-yl)-[1,1'-
biphenyl]-3-yl)phosphonate (5g)

Colorless oil; 56 mg, yield 51%; Rf = 0.15 (EtOAc); 1H 
NMR (400 MHz, CDCl3): δ (ppm) 8.69-8.67 (m, 1H, Ar-
H), 8.27 (dd, J = 2.0 & 12.8 Hz, 1H, Ar-H), 7.84-7.81 
(m, 1H, Ar-H), 7.74-7.72 (m, 2H, Ar-H), 7.66-7.59 (m, 
3H, Ar-H), 7.48-7.44 (m, 2H, Ar-H), 7.40-7.36 (m, 1H, 
Ar-H), 7.31-7.27 (m, 1H, Ar-H), 3.97-3.83 (m, 4H, -O-
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CH2-), 1.51-1.43 (m, 4H, -O-CH2-CH2-), 1.32-1.28 (m, 
4H, -CH2-CH3), 0.86 (t, J = 7.2 Hz, 6H, -CH2-CH3); 13C 
NMR (100 MHz, CDCl3): δ (ppm) 149.00 (Ar-C), 
135.65 (Ar-C), 132.66 (d, J = 10.2 Hz, Ar-C), 131.79 (d, 
J = 14.2 Hz, Ar-C), 130.75 (d, J = 3.3 Hz, Ar-C), 129.01 
(Ar-C), 127.99 (Ar-C), 127.30 (Ar-C), 124.91 (Ar-C), 
124.06 (Ar-C), 123.52 (Ar-C), 122.46 (Ar-C), 115.98 
(Ar-C), 114.13 (Ar-C), 65.95 (d, J = 6.5 Hz, O-CH2-), 
32.41 (d, J = 6.8 Hz, -O-CH2-CH2-), 18.77 (-CH2-CH3), 
13.66 (-CH2-CH3); 31P NMR (162 MHz, CDCl3): δ 
(ppm) 23.56; HRMS (ESI+) m/z calcd for C25H30NO3P 
[M+H]+ 424.1963, found: 424.1967.  

Dibutyl (4'-pentyl-4-(pyridin-2-
yl)-[1,1'-biphenyl]-3-
yl)phosphonate (5h)

Colorless oil; 52 mg, yield 53%; Rf = 0.15 (EtOAc); 1H 
NMR (400 MHz, CDCl3): δ (ppm) 8.69 (d, J = 4.8 Hz, 
1H, Ar-H), 8.27 (dd, J = 2.0 & 13.2 Hz, 1H, Ar-H), 7.84-
7.81 (m, 1H, Ar-H), 7.75-7.73 (m, 2H, Ar-H), 7.62-7.56 
(m, 3H, Ar-H), 7.32-7.27 (m, 3H, Ar-H), 3.98-3.84 (m, 
4H, -O-CH2-), 2.68 (t, J = 7.6 Hz, 2H, Ar-CH2-), 1.70-
1.62 (m, 2H, Ar-CH2-CH2-), 1.52-1.44 (m, 4H, -O-CH2-
CH2-),  1.43-1.40 (m, 2H, Ar-CH2-CH2-CH2-), 1.38-1.34 
(m, 2H, Ar-CH2-CH2-CH2-CH2-CH3), 1.33-1.28 (m, 4H, 
O-CH2-CH2-CH2-), 0.93-0.89 (m, 3H, Ar-CH2-CH2-
CH2-CH2-CH3), 0.88 (t, J = 7.2 Hz, 6H, O-CH2-CH2-
CH2-CH2-CH3); 13C NMR (100 MHz, CDCl3): δ (ppm) 
158.63 (Ar-C), 148.82 (Ar-C), 142.92 (Ar-C), 140.88 (d. 
J = 13.3 Hz, Ar-C), 136.91 (Ar-C), 135.65 (Ar-C), 
132.35 (d, J = 9.7 Hz, Ar-C), 131.67 (d, J = 14.5 Hz, Ar-
C), 130.48 (Ar-C), 129.01 (Ar-C), 127.03 (Ar-C), 124.89 
(Ar-C), 122.38 (Ar-C), 120.85 (d, J = 4.5 Hz, Ar-C), 
116.15 (Ar-C), 65.89 (d, J = 6.0 Hz, O-CH2-), 35.60 (Ar-
CH2-), 32.33 (d, J = 6.8 Hz, -O-CH2-CH2-), 31.93 (Ar-
CH2-CH2-), 31.16 (Ar-CH2-CH2-CH2-), 22.69 (d, J = 
13.4 Hz, Ar-CH2-CH2-CH2-CH2-CH3), 18.70 (-O-CH2-
CH2-CH2-CH3), 14.12 (d, J = 7.9 Hz, Ar-CH2-CH2-CH2-
CH2-CH3), 13.60 (-O-CH2-CH2-CH2-CH3); 31P NMR 
(162 MHz, CDCl3): δ (ppm) 23.64; HRMS (ESI+) m/z 
calcd for C30H40NO3P [M+H]+ 494.2746, found: 
494.2801.  

Dibutyl (4-fluoro-2-(pyridin-2-
yl)phenyl)phosphonate (5i)

Colorless oil; 99 mg, yield 78%; Rf = 0.15 (EtOAc); 1H 
NMR (400 MHz, CDCl3): δ (ppm) 8.68-8.66 (m, 1H, Ar-
H), 8.07-8.00 (m, 1H, Ar-H), 7.76-7.72 (m, 1H, Ar-H), 
7.69-7.67 (m, 1H, Ar-H), 7.33-7.30 (m, 1H, Ar-H), 7.28-
7.24 (m, 1H, Ar-H), 7.21-7.16 (m, 1H, Ar-H), 3.94-3.80 
(m, 4H, -O-CH2-), 1.50-1.44 (m, 4H, -O-CH2-CH2-), 
1.29-1.21 (m, 4H, -CH2-CH3), 0.88 (t, J = 7.6 Hz, 6H, -
CH2-CH3); 13C NMR (100 MHz, CDCl3): δ (ppm) 
157.56 (Ar-C), 148.97 (Ar-C), 147.66 (Ar-C), 136.67 (t, 
J = 9.5 Hz, Ar-C), 135.73 (Ar-C), 124.62 (Ar-C), 123.72 
(d, J = 2.5 Hz, Ar-C), 122.80 (Ar-C), 118.58 (Ar-C), 
116.12 (Ar-C), 115.21 (Ar-C), 65.88 (d, J = 6.1 Hz, O-
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CH2-), 32.30 (d, J = 6.6 Hz, -O-CH2-CH2-), 18.67 (-CH2-
CH3), 13.58 (-CH2-CH3); 31P NMR (162 MHz, CDCl3): 
δ (ppm) 22.64; HRMS (ESI+) m/z calcd for 
C19H25FNO3P [M+H]+ 366.1556, found: 366.1550.  

Dibutyl (3-(pyridin-2-
yl)naphthalen-2-yl)phosphonate 
(5j)

Colorless oil; 83 mg, yield 72%; Rf = 0.15 (EtOAc); 1H 
NMR (400 MHz, CDCl3): δ (ppm) 8.71-8.69 (m, 1H, Ar-
H), 8.66 (d, J = 16.4 Hz, 1H, Ar-H), 7.99-7.97 (m, 2H, 
Ar-H), 7.90 (d, J = 7.6 Hz, 1H, Ar-H), 7.78-7.72 (m, 2H, 
Ar-H), 7.64-7.56 (m, 2H, Ar-H), 7.34-7.30 (m, 1H, Ar-
H), 4.00-3.85 (m, 4H, -O-CH2-), 1.54-1.47 (m, 4H, -O-
CH2-CH2-), 1.33-1.27 (m, 4H, -CH2-CH3), 0.88 (t, J = 
7.6 Hz, 6H, -CH2-CH3); 13C NMR (100 MHz, CDCl3): δ 
(ppm) 148.74 (Ar-C), 136.54 (d, J = 9.1 Hz, Ar-C), 
135.57 (Ar-C), 134.58 (Ar-C), 131.79 (d, J = 15.7 Hz, 
Ar-C), 130.59 (d, J = 12.9 Hz, Ar-C), 128.74 (Ar-C), 
128.02 (Ar-C), 127.20 (Ar-C), 124.97 (Ar-C), 122.31 
(Ar-C), 65.87 (d, J = 5.7 Hz, -O-CH2-), 32.35 (d, J = 6.7 
Hz, -O-CH2-CH2-), 18.71 (-CH2-CH3), 13.54 (-CH2-
CH3); 31P NMR (162 MHz, CDCl3): δ (ppm) 23.96; 
HRMS (ESI+) m/z calcd for C23H28NO3P [M+H]+ 

398.1807, found: 398.1811.  
Diethyl (5-methoxy-2-(pyridin-2-
yl)phenyl)phosphonate (5bb)

Colorless oil; 60 mg, yield 58%; Rf = 0.15 (EtOAc); 1H 
NMR (400 MHz, CDCl3): δ (ppm) 8.66-8.64 (m, 1H, Ar-
H), 7.73 (dt, J = 1.6 & 6.0 Hz, 1H, Ar-H), 7.65-7.63 (m, 
1H, Ar-H), 7.58 (dd, J = 2.8 & 12.8 Hz, 1H, Ar-H), 7.49-
7.45 (m, 1H, Ar-H), 7.28-7.26 (m, 1H, Ar-H), 7.15-7.12 
(m, 1H, Ar-H), 4.03- 3.90 (m, 4H, -O-CH2-), 3.89 (s, 3H, 
Ar-OCH3), 1.17 (t, J =  6.8 Hz, 6H, -CH2-CH3); 13C 
NMR (100 MHz, CDCl3): δ (ppm) 159.17 (Ar-C), 
148.83 (Ar-C), 137.25 (d, J = 9.3 Hz, Ar-C), 135.57 (Ar-
C), 132.65 (d, J = 16.1 Hz, Ar-C), 128.62 (Ar-C), 126.78 
(Ar-C), 124.96 (Ar-C), 122.17 (Ar-C), 118.85 (d, J = 
11.0 Hz, Ar-C), 118.11 (d, J = 3.6 Hz, Ar-C), 62.14 (d, J 
= 6.3 Hz, -O-CH2- CH3 ), 55.66 (Ar-OCH3), 16.16 (d, J 
= 7.0 Hz, -O-CH2-CH3); 31P NMR (162 MHz, CDCl3): δ 
(ppm) 18.30; HRMS (ESI+) m/z calcd for C16H20NO4P 
[M+H]+ 322.1130, found: 322.1134.  

Diisopropyl (5-methoxy-2-
(pyridin-2-
yl)phenyl)phosphonate (5bc)13

Colorless oil; 70 mg, yield 62%; Rf = 0.15 (EtOAc); 1H 
NMR (400 MHz, CDCl3): δ (ppm) 8.66-8.64 (m, 1H, Ar-
H), 7.71-7.69 (m, 2H, Ar-H), 7.62 (dd, J = 3.6 Hz & 18.0 
Hz, 1H, Ar-H), 7.50-7.45 (m, 1H, Ar-H), 7.28-7.23 (m, 
1H, Ar-H), 7.14-7.10 (m, 1H, Ar-H), 4.67- 4.56 (m, 2H, 
-O-CH(CH3)2), 3.89 (s, 3H, Ar-OCH3), 1.22 (d, J =  8.4 
Hz, 6H, -O-CH(CH3)2), 1.16 (d, J = 8.4 Hz, 6H, -O-
CH(CH3)2); 13C NMR (100 MHz, CDCl3): δ (ppm) 
159.11 (Ar-C), 148.42 (Ar-C), 135.59 (Ar-C), 132.80 (d, 
J = 21.2 Hz, Ar-C), 125.41 (Ar-C), 122.04, 118.75 (d, J 
= 14.1 Hz, Ar-C), 117.75 (d, J = 3.6 Hz, Ar-C), 71.10 (d, 
J = 8.1 Hz, -O-C-(CH3)2 ), 55.59 (Ar-OCH3), 29.71 (-O-
CH-(CH3)3), 22.97 (dd, J = 5.1 & 16.6 Hz, -O-CH-
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(CH3)3); 31P NMR (162 MHz, CDCl3): δ (ppm) 16.27; 
HRMS (ESI+) m/z calcd for C18H24NO4P [M+H]+ 

349.1443, found: 349.1447. The spectral data of this 
compound are in complete agreement with those reported 
in the literature.13
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3. 1H, 13C and 31P NMR copies

2. 
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