
 S1 

Supporting Information 

 

Transition-Metal-Free Decarboxylative Arylation of 2-Picolinic Acids 

with Arenes under Air Conditions 

 

Xitao Zhang,a Xiujuan Feng,*a Chuancheng Zhou,a Xiaoqiang Yu,a Yoshinori Yamamoto,a,b  

and Ming Bao*a 

 
a State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116023, China 

b Department of Chemistry, Graduate School of Science, Tohoku University, Sendai 980-8578, Japan and 

Research Organization of Science and Technology, Ritsumeikan University, Kusatsu, Shiga 525-8577, Japan 

 

 

 

Table of Contents 

 

1. General Information.……………………………………………………………….…....S2 

2. Synthesis of 5-Phenylpicolinic Acid.………………………………………………........S2 

3. Representative Procedure for the Decarboxylative Arylation...………. ……….......…..S3 

4. Experiment of Kinetic Isotope Effect………………………………………….………. .S3 

5. Characterization Data of Products.……………………….…….……...………..….……S5 

6. References………………………………………………….………………………..... .S17 

7. Copies of 1H and 13C NMR Spectra of Products……….………………………............S19 

 



 S2 

1. General Information  

1H and 13C NMR spectra were recorded on either a Varian Inova-400 spectrometer 

(400 MHz for 1H, 100 MHz for 13C) or a Bruker Avance II-400 spectrometer (400 MHz for 

1H, 100 MHz for 13C); CDCl3 was used as a solvent, while TMS was used as an internal 

standard. The chemical shifts are reported in ppm downfield (δ) from TMS, the coupling 

constants J are given in Hz. The peak patterns are indicated as follows: s, singlet; d, doublet; 

t, triplet; q, quartet; m, multiplet. TLC was carried out on SiO2 (silica gel 60 F254, Merck), 

and the spots were located with UV light. Flash chromatography was carried out on SiO2 

(silica gel 60, 200-300 meth). GC-MS analysis was performed on an Agilent 7890A GC 

interfaced to an Agilent 5975C mass-selective detector (30 m × 0.25 mm capillary column, 

HP-5MS). IR spectra were recorded on a NEXUS FT-IR spectrometer. High resolution mass 

spectra were recorded on either a Q-TOF mass spectrometry or a GC-TOF mass 

spectrometry. All reactions were carried out under air atmospheric pressure. The starting 

materials 1a–1h, 1j–1s, and 2a–2n were purchased from Energy Chemicals Co. Ltd. The 

5-phenylpicolinic acid (1i) was prepared according to the literature method. 

2. Synthesis of 5-Phenylpicolinic Acid (1i)1 

 

A reaction flask was charged with a mixture of 5-bromopicolinonitrile (1.83 g, 0.01 mol), 

phenylboronic acid (1.83 g, 0.015 mol), K2CO3 (2.76 g, 0.02 mol), Pd(PPh3)4 (0.35 g, 0.65 

mmol), THF (24 mL), and water (10 mL). The mixture was stirred at 83 °C under nitrogen 

atmosphere for 18 h. Then the mixture was allowed to cool to room temperature and the 

product was extracted with dichloromethane (30 mL × 3). The combined organic layers 

were dried over anhydrous magnesium sulfate, and the solvent was removed under reduced 

pressure to give a crude product. The crude product was then purified via silica gel 

chromatography (eluent: petroleum ether/ethyl acetate = 7:1) to afford 

5-phenylpicolinonitrile as a white solid (1.35 g, 75%). 
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A reaction flask was charged with a mixture of 5-phenylpicolinonitrile (0.90 g, 5 

mmol), methanol (10 mL), and 30% aqueous sodium hydroxide (10 mL). The reaction 

mixture was stirred at 100 °C for 2 h, and then was cooled to room temperature. After the 

resultant mixture was concentrated to a volume of about 10 mL, the mixture was neutralized 

by aqueous HCl (3 M). The formed precipitate was filtered off, washed with water, and 

dried to give product 1i as a white solid (0.87 g, 87%). 

3. Representative Procedure for the Decarboxylative Arylation 

A reaction flask was charged with a mixture of 2-picolinic acid (1a, 36.9 mg, 0.3 

mmol), K2CO3 (20.8 mg, 0.15 mmol), tBuOCl (102 uL, 0.9 mmol), and benzene (2a, 3 mL). 

The reaction mixture was stirred at 60 °C for 20 h, and then was cooled to room temperature. 

The solvent was removed under reduced pressure, and the residue obtained was purified via 

silica gel chromatography (eluent: ethyl acetate : petroleum ether = 1 : 5) to afford 2-phenyl 

pyridine (3aa) as a colorless oil (40.1 mg, 86% yield).  

1.0 mmol scale reaction 

The 1.0 mmol scale reaction was also carried out. A reaction flask was charged with a 

mixture of 2-picolinic acid (1a, 123.1 mg, 1 mmol), K2CO3 (69.3 mg, 0.5 mmol), tBuOCl 

(340 uL, 3 mmol), and benzene (2a, 10 mL). The reaction mixture was stirred at 60 °C for 

20 h, and then was cooled to room temperature. The solvent was removed under reduced 

pressure, and the residue obtained was purified via silica gel chromatography (eluent: ethyl 

acetate : petroleum ether = 1 : 5) to afford 2-phenyl pyridine (3aa) as a colorless oil (132.1 

mg, 85% yield). 

4. Experiment of Kinetic Isotope Effect 

A reaction flask was charged with a mixture of 2-picolinic acid (1a, 36.9 mg, 0.3 

mmol), K2CO3 (20.8 mg, 0.15 mmol), tBuOCl (102 uL, 0.9 mmol), benzene (1 mL), and 

benzene-d6 (1 mL). The reaction mixture was stirred at 60 °C for 20 h, and then was cooled 

to room temperature. The solvent was removed under reduced pressure, and the residue 

obtained was purified via silica gel chromatography (eluent: ethyl acetate: petroleum ether = 
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1 : 5) to afford a mixture of products 3aa and 3aa-d5. A 1.06 ratio of 3aa to 3aa-d5 was 

observed from 1H NMR spectrum 
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5. Characterization Data of Products 

The spectroscopic data of all the products are presented. All the known compounds 

were in accordance with the data reported in the literatures. 

5-phenylpicolinonitrile1 

 

White solid (1.35 g, 75% yield), mp 90–91 °C, (lit.2 mp 88–90 °C). 1H NMR (400 MHz, 

CDCl3): δ 8.94 (s, 1H), 8.01 (dd, J = 8.0, 2.0 Hz, 2H), 7.77 (d, J = 8.0 Hz, 2H), 7.62–7.60 

(m, 2H), 7.55–7.48 (m, 3H). 13C NMR (100 MHz, CDCl3): δ 149.6, 139.9, 135.9, 134.9, 

132.2, 129.5, 128.5, 127.3, 117.4. 

5-phenylpicolinic acid (1i)3 

 

White solid (0.87 g, 87% yield), mp 157–158 °C, (lit.3 mp 158–159 °C). 1H NMR (400 

MHz, DMSO): δ 9.01 (d, J = 2.0 Hz, 1H), 8.22 (dd, J = 8.0, 2.4 Hz, 1H), 8.11 (d, J = 8.0 Hz, 

1H), 7.77 (d, J = 7.6 Hz, 2H), 7.52–7.49 (m, 2H), 7.46–7.42 (m, 1H). 13C NMR (100 MHz, 

DMSO): δ 166.5, 148.0, 147.6, 138.8, 136.5, 135.5, 129.7, 129.3, 127.7, 125.3. 

2-phenyl pyridine (3aa)4 

 

Colorless oil (40.1 mg, 86% yield). 1H NMR (400 MHz, CDCl3): δ 8.70 (d, J = 4.8, 1H), 

8.03–7.96 (m, 2H), 7.77–7.69 (m, 2H), 7.51–7.45 (m, 2H), 7.45–7.38 (m, 1H), 7.25–7.16 

(m, 1H). 13C NMR (100 MHz, CDCl3): δ 157.5, 149.7, 139.4, 136.8, 128.9, 128.7, 126.9, 

122.1, 120.6. 

3-methyl-2-phenylpyridine (3ba)5 



 S6 

 

Colorless oil (32.5 mg, 64% yield). 1H NMR (400 MHz, CDCl3): δ 8.52 (d, J = 4.8 Hz, 1H), 

7.56 (d, J = 7.6 Hz, 1H), 7.53–7.50 (m, 2H), 7.46–7.42 (m, 2H), 7.40–7.35 (m, 1H), 7.16 

(dd, J = 7.6, 4.8 Hz, 1H), 2.34 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 158.7, 147.0, 140.6, 

138.5, 130.8, 128.9, 128.1, 127.9, 122.1, 20.0. 

3-chloro-2-phenylpyridine (3ca)6  

 
Yellow oil (25.6 mg, 45% yield). 1H NMR (400 MHz, CDCl3): δ 8.59 (d, J = 4.8 Hz, 1H), 

7.79 (d, J = 8.4 Hz, 1H), 7.73 (d, J = 7.6 Hz, 2H), 7.49–7.42 (m, 3H), 7.23–7.19 (m, 1H).  
13C NMR (100 MHz, CDCl3): 156.6, 147.6, 138.2, 138.1, 130.1, 129.3, 128.8, 128.0, 123.0. 

3-bromo-2-phenylpyridine (3da)7 

 

Yellow oil (37.1 mg, 53% yield). 1H NMR (400 MHz, CDCl3): δ 8.62 (d, J = 4.8 Hz, 1H), 

7.98 (d, J = 8 Hz, 1H), 7.68 (d, J = 7.6 Hz, 2H), 7.48–7.41 (m, 3H), 7.13 (dd, J = 8.0, 4.8 

Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 158.2, 148.1, 141.3, 139.6, 129.3, 128.8, 128.0, 

123.3, 119.8. 

4-methyl-2-phenylpyridine (3ea)8 

 

Light yellow solid (38.1 mg, 75% yield), mp 48–49 °C, (lit.9 mp 47–48 °C). 1H NMR (400 

MHz, CDCl3): δ 8.54 (d, J = 4.8 Hz, 1H), 7.97 (d, J = 8.0 Hz, 2H), 7.52 (s, 1H), 7.47–7.43 

(m, 2H), 7.40–7.37 (m, 1H), 7.04 (d, J = 5.2 Hz, 1H), 2.38 (s, 3H). 13C NMR (100 MHz, 

CDCl3): δ 157.4, 149.4, 147.8, 139.5, 128.8, 128.8, 126.9, 123.1, 121.5, 21.2. 
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4-Chloro-2-phenylpyridine (3fa)10  

 

Light yellow oil (42.7 mg, 75% yield). 1H NMR (400 MHz, CDCl3): δ 8.57 (d, J = 5.2 Hz, 

1H), 7.98–7.95 (m, 2H), 7.73 (d, J = 1.6 Hz, 1H), 7.48–7.43 (m, 3H), 7.24 (dd, J = 5.2, 1.6 

Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 159.0, 150.5, 144.8, 138.1, 129.6, 128.9, 127.0, 

122.3, 120.9. 

4-bromo-2-phenylpyridine (3ga)11 

 

Colorless oil (43.5 mg, 62% yield). 1H NMR (400 MHz, CDCl3): δ 8.49 (d, J = 5.2 Hz, 1H), 

7.97–7.94 (d, J = 7.6 Hz, 2H), 7.90 (d, J = 1.6 Hz, 1H), 7.49–7.41 (m, 3H), 7.41 (dd, J = 5.6, 

2.0 Hz, 1H). 13C NMR (100 MHz, CDCl3): δ 158.9, 150.4, 138.1, 133.5, 129.6, 128.9, 127.0, 

125.3, 123.9. 

5-methyl-2-phenylpyridine (3ha)12 

 

Light yellow solid (35.0 mg, 69% yield), mp 54–55 °C, (lit.13 mp 52–54 °C). 1H NMR (400 

MHz, CDCl3): δ 8.51 (s, 1 H), 7.96 (d, J = 8.0 Hz, 2 H), 7.60 (d, J = 8.0 Hz, 1H), 7.52 (d, J 

= 8.4 Hz, 1H), 7.47–7.43 (m, 2H), 7.39–7.35 (m, 1H), 2.34 (s, 3H). 13C NMR (100 MHz, 

CDCl3): δ 154.8, 150.1, 139.4, 137.3, 131.6, 128.7, 128.6, 126.7, 120.0, 18.2. 

2,5-diphenylpyridine (3ia)14 
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Whitish solid (47.2 mg, 68% yield), mp 167–169 °C, (lit.14 mp 165–167 °C). 1H NMR (400 

MHz, CDCl3): δ 8.94 (d, J = 1.6 Hz, 1H), 8.04 (d, J = 7.8 Hz, 2H), 7.93 (dd, J = 8.0, 2.0 Hz, 

1H), 7.78 (d, J = 8.0 Hz, 1H), 7.62 (d, J =8.0 Hz, 2H), 7.50–7.43 (m, 4H), 7.42–7.38 (m, 

2H). 13C NMR (100 MHz, CDCl3): δ 156.2, 148.1, 139.0, 137.7, 135.1, 134.9, 129.1, 129.0, 

128.8, 128.1, 127.0, 126.9, 120.4. 

5-methoxy-2-phenylpyridine (3ja)12  

 

Whitish solid (35.0 mg, 63% yield), mp 53–54 °C. 1H NMR (400 MHz, CDCl3): δ 8.39 (d, J 

= 2.8 Hz, 1H), 7.92 (d, J = 7.6 Hz, 2H), 7.65 (d, J = 8.8 Hz, 1H), 7.46–7.42 (m, 2H), 

7.37–7.34 (m, 1H), 7.25 (dd, J = 8.8, 2.8 Hz, 1H), 3.88 (s, 3H). 13C NMR (100 MHz, 

CDCl3): δ 155.8, 150.1, 139.1, 137.1, 128.7, 128.2, 126.4, 121.3, 120.8, 55.7. 

Methyl 6-phenylnicotinate (3ka)12  

 

White solid (47.3 mg, 74% yield), mp 112–114 °C, (lit.15 mp 111–1113 °C). 1H NMR (400 

MHz, CDCl3): δ 9.28 (d, J = 2.2 Hz, 1H), 8.33 (dd, J = 8.4, 2.0 Hz, 1H), 8.06–8.03 (m, 2H), 

7.80 (dd, J = 8.4, 0.8 Hz, 1H), 7.52–7.45 (m, 3H), 3.96 (s, 3H). 13C NMR (100 MHz, 

CDCl3): δ 165.9, 160.9, 151.0, 138.3, 137.9, 130.0, 128.9, 127.4, 124.2, 119.9, 53.4. 

2-methyl-6-phenylpyridine (3la)12 

 

White solid (27.6 mg, 46% yield), mp 119–120 °C, (lit.16 mp 119–121 °C). 1H NMR (400 

MHz, CDCl3): δ 9.48 (d, J = 2.0 Hz, 1H), 8.51 (dd, J = 8.8, 2.8 Hz, 1H), 8.10–8.07 (m, 2H), 

7.90 (dd, J = 4.8, 0.4 Hz, 1H), 7.54–7.51 (m, 3H). 13C NMR (100 MHz, CDCl3): δ 162.5, 

145.3, 142.9, 137.1, 130.9, 129.1, 127.7, 120.1. 

2-methyl-6-phenylpyridine (3ma)11 
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Yellow oil (36.1 mg, 71% yield). 1H NMR (400 MHz, CDCl3): δ 7.97 (d, J = 8.0 Hz, 2 H), 

7.62–7.58 (m, 1H), 7.50–7.43 (m, 3H), 7.38–7.35 (m, 1H), 7.07 (d, J = 7.6 Hz, 1H), 2.62 (s, 

3H). 13C NMR (100 MHz, CDCl3): δ 158.4, 157.0, 139.8, 136.9, 128.7, 128.7, 127.0, 121.6, 

117.6, 24.8. 

3,5-dichloro-2-phenylpyridine (3na)7 

 

Light yellow solid (30.9 mg, 46%), mp 52–53 °C, (lit.7 mp 50–51 °C). 1H NMR (400 MHz, 

CDCl3): δ 8.56–8.55 (d, J = 2.4 Hz, 1H), 7.83 (d, J = 2.0 Hz, 1H), 7.72–7.69 (m, 2H), 

7.50–7.43 (m, 3H). 13C NMR (100 MHz, CDCl3): δ 154.8, 156.5, 137.5, 137.2, 130.5, 130.2, 

129.3, 129.2, 128.2. 

2-phenylquinoline (3oa)12 

 

Yellow solid (53.6 mg, 87% yield), mp 82–83 °C, (lit.17 mp 81–82 °C). 1H NMR (400 MHz, 

CDCl3): δ 8.19–8.14 (m, 4H), 7.84 (d, J = 8.4 Hz, 1H), 7.79 (d, J = 8.4 Hz, 1H), 7.71–7.69 

(m, 1H), 7.43–7.53 (m, 4H). 13C NMR (100 MHz, CDCl3): δ 157.4, 148.3, 139.7, 136.8, 

129.8, 129.7, 129.4, 128.9, 127.6, 127.5, 127.2, 126.3, 119.0. 

2-phenylquinoxaline (3pa)12 

 

Light yellow solid (40.2 mg, 65% yield), mp 78–80 °C, (lit.16 mp 78–79 °C). 1H NMR (400 

MHz, CDCl3): δ 9.32 (s, 1H), 8.20–8.10 (m, 4H), 7.79–7.71(m, 2H), 7.58–7.49 (m, 3H). 13C 

NMR (100 MHz, CDCl3): δ 151.9, 143.4, 142.3, 141.6, 136.8, 130.3, 130.2, 129.6, 129.6, 

129.2, 129.1, 127.6. 
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1-Phenylisoquinoline (3qa)12 

 

Light yellow solid (53.0 mg, 86% yield), mp 97–98 °C, (lit.18 mp 95–96 °C). 1H NMR (400 

MHz, CDCl3): δ 8.61 (d, J = 6.0 Hz, 1H), 8.10 (d, J = 8.4 Hz, 1H), 7.88 (d, J = 8.0 Hz, 1H), 

7.71–7.64 (m, 4H), 7.55–7.49 (m, 4H). 13C NMR (100 MHz, CDCl3): δ 160.7, 142.1, 139.5, 

136.9, 130.0, 129.9, 128.6, 128.4, 127.6, 127.2, 127.0, 126.7, 120.0. 

4-phenylpyrimidine (3ra)19 

 

Yellow solid (29.1 mg, 62% yield), mp 61–62 °C, (lit.20 mp 61–63 °C). 1H NMR (400 MHz, 

CDCl3): δ 9.28 (s, 1H), 8.77 (d, J = 5.2 Hz, 1H), 8.10 (dd, J = 6.4, 3.0 Hz, 2H), 7.72 (dd, J = 

5.2, 1.2 Hz, 1H), 7.54–7.51 (m, 3H). 13C NMR (100 MHz, CDCl3): δ 151.1, 157.5, 136.5, 

131.1, 129.1, 127.2, 117.0. 

2-phenylquinoxaline (3sa)12 

 

Yellow solid (22.0 mg, 47% yield), mp 71–72 °C, (lit.16 mp 72–73 °C). 1H NMR (400 MHz, 

CDCl3): δ 9.03 (d, J = 1.6 Hz, 1H), 8.64 (dd, J = 2.4, 1.6 Hz, 1H), 8.51 (d, J = 2.4 Hz, 1H), 

8.03−8.01 (m, 2H), 7.54−7.48 (m, 3H). 13C NMR (100 MHz, CDCl3): δ 152.9, 144.2, 142.9, 

142.3, 136.4, 129.9, 129.1, 127.0. 

2-(o-tolyl)pyridine (o-3ab)4 

 

Yellow oil (19.3 mg, 38% yield). 1H NMR (400 MHz, CDCl3): δ 8.69 (d, J = 4.4 Hz, 1H), 

7.75–7.71 (m, 1H), 7.39 (d, J = 7.6 Hz, 2H), 7.30–7.22 (m, 4H), 2.36 (s, 3H). 13C NMR 
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(100 MHz, CDCl3): δ 160.0, 149.2, 140.4, 136.2, 135.8, 130.7, 129.6, 128.3, 125.9, 124.1, 

121.6, 20.3. 

2-(m-tolyl)pyridine(m-3ab)11 and 2-(p-tolyl)pyridine (p-3ab)4 

 

Yellow oil (22.8 mg, 45% yield), m-3ab : p-3ab = 1.2 : 1.0 (detected by 1H NMR). 1H 

NMR (400 MHz, CDCl3): δ 8.69–8.66 (m, 1H), 7.90–7.70 (m, 4H), 7.38–7.19 (m, 3H), 

2.44–2.40 (m, 3H). 

2-(2-chlorophenyl) pyridine (o-3ac)21 

 

Yellow oil (9.1 mg, 16% yield). 1H NMR (400 MHz, CDCl3): δ 8.72 (d, J = 4.8 Hz, 1H), 

7.78–7.74 (m, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.59 (d, J = 7.2 Hz, 1H), 7.48 (d, J = 7.6 Hz, 

1H), 7.39–7.27 (m, 3H). 13C NMR (100 MHz, CDCl3): δ 156.9, 149.5, 139.2, 135.8, 132.2, 

131.5, 130.1, 139.6, 127.0, 129, 122.4. 

2-(3-chlorophenyl)pyridine (m-3ac)22 and 2-(4-chlorophenyl) pyridine (p-3ac)21 

 

Yellow oil (35.3 mg, 62% yield), m-3ac : p-3ac = 1.2 : 1.0 (detected by 1H NMR). 1H NMR 

(400 MHz, CDCl3): δ 8.69–8.66 (m, 1H), 8.01–7.84 (m, 2H), 7.76–7.66 (m, 2H), 7.44–7.37 

(m, 2H), 7.25–7.20 (m, 1H). 

2-(2-bromophenyl)pyridine (o-3ad)23 

 

Yellow oil (16.2 mg, 23% yield). 1H NMR (400 MHz, CDCl3): δ 8.71 (d, J = 4.4 Hz, 1H), 

7.76 (ddd, J = 7.6, 7.6, 2.0 Hz, 1H), 7.67 (dd, J = 8.0, 1.2 Hz, 1H), 7.60 (d, J = 8.0 Hz, 1H), 

7.53 (dd, J = 7.6, 1.6 Hz, 1H), 7.39 (ddd, J = 7.2, 7.2, 1.2 Hz, 1H), 7.32–7.23 (m, 2H). 13C 
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NMR (100 MHz, CDCl3): δ 158.4, 149.4, 141.2, 135.9, 132.3, 131.4, 129.7, 127.6, 124.8, 

122.5, 121.8. 

2-(3-bromophenyl)pyridine (m-3ad)11 and 2-(4-bromophenyl) pyridine (p-3ad)22 

 

Yellow oil (26.7 mg, 38% yield). m-3ac : p-3ac = 1.1 : 1.0 (detected by 1H NMR). 1H NMR 

(400 MHz, CDCl3): δ 8.71–8.67 (m, 1H), 8.18–7.86 (m, 2H), 7.75–7.68 (m, 2H), 7.61–7.59 

(m, 1H), 7.53–7.32 (m, 1H), 7.27–7.23 (m, 1H). 

2-(2-fluorophenyl)pyridine (o-3ae),24 2-(3-fluorophenyl)pyridine (m-3ae),22 and 

2-(4-fluorophenyl)pyridine (p-3ae)14 

 

Colorless oil (42.6 mg, 78% yield), o-3ae : m-3ae : p-3ae = 1.4 : 1.0 : 1.5 (detected by 1H 

NMR). 1H NMR (400 MHz, CDCl3): δ 8.73–8.66 (m, 1H), 7.99–7.95 (m, 1 H), 7.80–7.34 

(m, 3H), 7.28–7.07 (m, 3H). 

methyl 2-(pyridin-2-yl)benzoate (o-3af),25 methyl 3-(pyridin-2-yl)benzoate (m-3af),26 

and methyl 4-(pyridin-2-yl)benzoate (p-3af)27 

 

Light yellow oil (20.5 mg, 30% yield), o-3af : m-3af : p-3af = 1.9 : 3.4 : 1.0 (detected by 1H 

NMR). 1H NMR (400 MHz, CDCl3): δ 8.73–8.72 (m, 1H), 8,64–8.06 (m, 3H), 7.80–7.27 

(m, 4H), 3.96–3.95 (m, 3H). 

2-(2,3-dimethylphenyl)pyridine (o-3ag) 

 

Yellow oil (13.2 mg, 24% yield). 1H NMR (400 MHz, CDCl3): δ 8.68 (d, J = 4.8 Hz, 1H), 

7.75–7.71 (m, 1H), 7.36 (d, J = 7.6 Hz, 1H), 7.28–7.15 (m, 4H), 2.36 (s, 3H), 2.32 (s, 3H). 
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13C NMR (100 MHz, CDCl3): δ 160.7, 149.1, 140.9, 137.5, 136.1, 134.2, 129.8, 127.4, 

125.4, 124.4, 121.5, 20.5, 16.7. IR (KBr): ν 3058, 2922, 1583, 1463, 1385, 800, 772, 750, 

723 cm-1. HRMS (ESI) calcd for [C13H14N, M+H]+: 184.1121, found: 184.1126. 

2-(3,4-dimethylphenyl)pyridine (m-3ag)27 

 

Yellow oil (22.6 mg, 41% yield). 1H NMR (400 MHz, CDCl3): δ 8.67 (d, J = 4.4 Hz, 1H), 

7.80 (s, 1H), 7.73–7.68 (m, 3H), 7.24–7.17 (m, 2H), 2.34 (s, 3H), 2.31 (s, 3H). 13C NMR 

(100 MHz, CDCl3): δ 157.6, 149.5, 137.6, 137.0, 136.9, 136.6, 130.0, 128.1, 124.3, 121.7, 

120.3, 19.9, 19.6. 

2-(2,3-dichlorophenyl)pyridine (o-3ah)  

 

Yellow oil (16.8 mg, 25% yield). 1HNMR (400 MHz, CDCl3): δ 8.72 (d, J = 4.8 Hz, 1H), 

7.81–7.77 (m, 1H), 7.60 (d, J = 8.0 Hz, 1H), 7.52 (d, J = 8.0 Hz, 1H), 7.46 (d, J = 7.6 Hz, 

1H), 7.35–7.25 (m, 2H). 13C NMR (100 MHz, CDCl3) δ 156.6, 141.3, 136.2, 133.7, 130.8, 

130.5, 129.7, 127.4, 124.9, 122.8. IR (KBr): ν 3063, 2924, 2853, 1592, 1476, 1049, 799, 

773, 748, 739 cm-1. HRMS (ESI) calcd for [C11H8NCl2, M+H]+: 224.0034, found: 

224.0034. 

2-(3,4-dichlorophenyl)pyridine (m-3ah)27 

 

Yellow oil (21.5 mg, 39% yield). 1H NMR (400 MHz, CDCl3): δ 8.68 (d, J = 5.2 Hz, 1H), 

8.13 (d, J = 1.6 Hz, 1H), 7.82 (dd, J = 8.4, 1.6 Hz, 1H), 7.80–7.74 (m, 1H), 7.68 (d, J = 8.0 

Hz, 1H), 7.52 (d, J = 8.4, 1H), 7.28–7.25 (m, 1H). 13C NMR (100 MHz, CDCl3): δ 154.9, 

149.9, 139.3, 137.0, 133.1, 133.1, 130.7, 128.8, 125.9, 122.9, 120.4. 

2-(2,3-difluorophenyl)pyridine (o-3ai) and 2-(3,4-difluorophenyl)pyridine (m-3ai)27 
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Light yellow oil (35.0 mg, 61% yield), o-3ai: m-3ai = 3.1:1 (detected by 1HNMR). 1H NMR 

(400 MHz, CDCl3): δ 8.73–8.66 (m, 1H), 7.88–7.64 (m, 4H), 7.29–7.17 (m, 7.8 Hz, 2H). 

2-(2,5-Dimethylphenyl)pyridine (3aj)28 

 

Colorless oil (29.1 mg, 51% yield). 1H NMR (400 MHz, CDCl3): δ 8.69 (d, J = 4.4 Hz, 1H), 

7.72 (ddd, J = 7.6, 7.6, 2.0 Hz, 1H), 7.39 (d, J = 7.6 Hz, 1H), 7.23–7.21 (m, 2H), 7.16 (d, J 

= 7.6 Hz, 1H), 7.12–7.10 (m, 2H), 2.35(s, 3H), 2.32(s, 3H). 13C NMR (100 MHz, CDCl3): δ 

160.1, 149.2, 140.2, 136.0, 135.3, 132.5, 130.6, 130.3, 129.0, 124.1, 121.5, 20.9, 19.8. 

2-(2, 5-Difluorophenyl)pyridine (3ak)29 

 

Pale solid (38.4 mg, 67% yield), mp 33–34 °C, (lit.31 mp 32 °C). 1H NMR (400 MHz, 

CDCl3): δ 8.72 (d, J = 4.0 Hz, 1H), 7.82 (d, J = 8.4 Hz, 1H), 7.78–7.73 (m, 2 H), 7.29–7.25 

(m, 1H), 7.14–7.03 (m, 2H). 13C NMR (100 MHz, CDCl3): δ 159.0 (dd, 1JC-F = 240.9 Hz, 

4JC-F = 2.2 Hz), 153.7 (dd, 1JC-F = 244.2 Hz, 4JC-F = 2.2 Hz), 152.1 (d, 4JC-F = 2.7 Hz), 149.8, 

136.5, 128.6 (dd, 2JC-F = 13.5 Hz, 3JC-F = 7.7 Hz), 124.4 (d, 3JC-F = 10.3 Hz), 122.9, 117.3 

(dd, 2JC-F = 26.1 Hz, 3JC-F = 8.5 Hz), 117.1 (dd, 2JC-F = 25.6 Hz, 3JC-F = 3.7 Hz), 116.8 (dd, 

2JC-F = 24.2 Hz, 3JC-F = 8.9 Hz). 

2-(5-fluoro-2-methylphenyl)pyridine (o-3al) 
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Light yellow oil (13.5 mg, 24% yield). 1H NMR (400 MHz, CDCl3): δ 8.69 (d, J = 4.4 Hz, 

1H), 7.77–7.73 (m, 1H), 7.38 (d, J = 7.6 Hz, 1H), 7.26–7.20 (m, 2H), 7.12 (d, J = 9.6 Hz, 

1H), 7.01–6.97 (m, 1H), 2.31 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 161.3 (d, 1JC-F = 243 

Hz), 158.8, 149.3, 141.8 (d, 3JC-F = 7 Hz), 136.4, 132.9 (d, 3JC-F = 7 Hz), 131.4 (d, 4JC-F = 4 

Hz), 124.0, 122.1, 122.3, 116.3 (d, 2JC-F = 22 Hz), 115.0 (d, 2JC-F = 20 Hz), 19.5. IR (KBr): 

ν 3053, 2924, 1587, 1462, 1060, 886, 814, 792, 760 cm-1. HRMS (ESI) calcd for [C12H11NF, 

M+H]+: 188.0879, found: 188.0876. 

2-(2-fluoro-5-methylphenyl)pyridine (m-3al) 

 

Light yellow oil (10.7 mg, 19% yield).1H NMR (400 MHz, CDCl3): δ 8.72 (d, J = 4.8 Hz, 

1H), 7.76–7.71 (m, 3H), 7.26–7.22 (m, 1H), 7.17–7.14 (m, 1H), 7.06–7.01 (m, 1H). 13C 

NMR (100 MHz, CDCl3): δ 158.7 (d, 1JC-F = 246 Hz), 153.7 (d, 4JC-F = 2 Hz), 149.7, 136.3, 

134.0 (d, 3JC-F = 6 Hz), 131.1 (d, 4JC-F = 3 Hz), 130.9 (d, 3JC-F = 6 Hz), 126.9 (d, 2JC-F = 12 

Hz), 124.6 (d, 3JC-F = 9 Hz), 122.3, 115.9 (d, 2JC-F = 23 Hz), 20.7. IR (KBr): ν 3051, 2925, 

1586, 1460, 1060, 883, 813, 792, 749. cm-1. HRMS (ESI) calcd for [C12H11NF, M+H]+: 

188.0871; found: 188.0876. 

2-(5-chloro-2-methylphenyl)pyridine (o-3am)30  

 

Light yellow oil (20.2 mg, 33% yield). 1H NMR (400 MHz, CDCl3): δ 8.71 (d, J = 4.8 Hz, 

1H), 7.77–7.73 (m, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.42 (s, 1H), 7.34 (d, J = 8.4 Hz, 1H), 

7.29–7.26 (m, 1H), 7.14 (d, J = 8.0 Hz, 1H), 2.37 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 

157.0, 149.5, 138.8, 136.9, 135.8, 132.1, 130.4, 129.8, 129.0, 124.9, 122.3, 20.8.  

2-(2-chloro-5-methylphenyl)pyridine (m-3am) 
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Light yellow oil (15.3 mg, 22% yield). 1H NMR (400 MHz, CDCl3): δ 8.69 (d, J = 4.8 Hz, 

1H), 7.77–7.73 (m, 1H), 7.39–7.37 (m, 2H), 7.28–7.25 (m, 2H), 7.20 (d, J = 8.0 Hz, 1H), 

2.32 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 158.7, 149.4, 141.9, 136.3, 134.3, 132.0, 

131.5, 129.5, 128.2, 124.0, 122.1, 19.7. IR (KBr): ν 3053, 2927, 1585, 1472, 1381, 1176, 

899, 812, 795, 751 cm-1. HRMS (ESI) calcd for [C12H11NCl, M+H]+ : 204.0573, found: 

204.0580. 

2-(naphthalene-1-yl)pyridine (α-3an)4 

 

Yellow oil (24.6 mg, 40% yield). 1H NMR (400 MHz, CDCl3): δ 8.79 (d, J = 4.0 Hz, 1H), 

8.08 (d, J = 8.0 Hz, 1H), 7.91 (d, J = 8.4 Hz, 2H), 7.83–7.80 (m, 1H), 7.61–7.63 (m, 3H), 

7.51–7.46 (m, 2H), 7.34–7.31 (m, 1H). 13C NMR (100 MHz, CDCl3): δ 159.2, 149.5, 138.5, 

136.5, 134.0, 131.2, 128.9, 128.4, 127.5, 126.5, 125.9, 125.6, 125.3, 125.1, 122.1. 

2-(naphthalene-2-yl)pyridine (β-3an)4 

 

Yellow solid (14.2 mg, 23% yield), mp 78–79 °C, (lit.3 mp 77–79 °C). 1H NMR (400 MHz, 

CDCl3): δ 8.75 (d, J = 4.4 Hz, 1H), 8.48 (s, 1H), 8.13 (d, J = 8.4, 1H), 7.94 (d, J = 8.0 Hz, 

2H), 7.87 (d, J = 7.6 Hz, 2H), 7.78 (ddd, J = 7.6, 7.6, 1.6 Hz, 1H), 7.52–7.48 (m, 2H), 

7.27–7.24 (m, 1H). 13C NMR (100 MHz, CDCl3): δ 157.3, 149.7, 136.9, 136.6, 133.7, 133.5, 

128.8, 128.5, 127.7, 126.6, 126.4, 126.3, 124.6, 122.2, 120.9. 

 

 

 

 

 



 S17 

6. References 

[1] H. Geng, K. Luo, G. Zou, L. Zhao, H. Wang, Q. Li, H. Ni, Dyes Pigments. 2018, 149, 82–91. 

[2] B. L. Elbert, A. J. M. Farley, T. W. Gorman, T. C. Johnson, C. Genicot, B. Lallemand, P. Pasau, J. 

Flasz, J. Castro, M. MacCoss, R. S. Paton, C. J. Schofield, M. D. Smith, M. C. Willis, D. J. Dixon, 

Chem. Eur. J. 2017, 23, 14733–14737. 

[3] T. T. Tung, T. H. Jakobsen, T. T. Dao, A. T. Fuglsang, M. Givskov, S. B. Christensen, J. Nielsen, Eur. 

J. Med. Chem. 2017,126, 1011–1020.  

[4] X. Li, D. Zou, F. Leng, C. Sun, J. Li, Y. Wu, Y. Wu, Chem. Commun. 2013, 49, 312–314. 

[5] K. M. Liu, L. Y. Liao, X. F. Duan, Chem. Commun. 2015, 51, 1124–1127. 

[6] Z. Jin, Y. J. Li, Y. Q. Ma, L. L. Qin, J. X. Fang, Chem. Eur. J. 2012, 18, 446–450. 

[7] Q. Zhou, B. Zhang, L. Su, T. Jiang, R. Chen, T. Du, Y. Ye, J. Shen, G. Dai, D. Han, H. Jiang, 

Tetrahedron 2013, 69, 10996–11003. 

[8] M. Ohashi, I. Takeda, M. Ikawa, S. Ogoshi, J. Am. Chem. Soc. 2011, 133, 18018–18021. 

[9] J. Xu, G. Cheng, D. Su, Y. Liu, X. Wang, Y. Hu, Chem. Eur. J. 2009,15, 13105–13110. 

[10] P. P. Singh, S. K. Aithagani, M. Yadav, V. P. Singh, R. A. Vishwakarma, J. Org. Chem. 2013, 78, 

2639–2648.  

[11] C. Xu, Q. Shen, Org. Lett. 2014, 16, 2046–2049.  

[12]  J. Yang, S. Liu, J. F. Zheng, J. Zhou, Eur. J. Org. Chem. 2012, 6248–6259. 

[13]  L. Feng, D. Kumar, D. M. Birney, S. M. Kerwin, Org. Lett. 2004, 6, 2059–2062. 

[14]  E. Zhang. J. Tang, S. Li, P. Wu, J. E. Moses, K. B. Sharpless, Chem. Eur. J. 2016, 22, 5692–5697. 

[15]  A. J. S. Johnston, K. B. Ling, D. Sale, N. Lebrasseur, I. Larrosa, Org. Lett. 2016, 18, 6094–6097. 

[16]  P. Petiot, A. Gagnon, Eur. J. Org. Chem. 2013, 5282–5289. 

[17]  S. Das, D. Maiti, S. D. Sarkar, J. Org. Chem. 2018, 83, 2309–2316. 

[18]  J. Zhang, S. Chen, F. Chen, W. Xu, G. J. Deng, H. Gong, Adv. Synth. Catal. 2017, 359, 2358–2363. 

[19]  S. D. Jadhav, A. Singh, Org. Lett. 2017, 19, 5673–5676. 

[20]  S. Wang, H. Lu, J. Li, D. Zou, Y. Wu, Y. Wu, Tetrahedron Lett. 2017, 58, 2723–2726. 

[21]  R. Sharma, N. Patel, R. A. Vishwakarma, P. V. Bharatam, S. B. Bharate, Chem. Commun. 2016, 52, 

1009–1012. 

[22]  Y. Li, W. Liu, C. Kuang, Chem. Commun. 2014, 50, 7124–7127. 

[23]  S. Korwar, K. Brinkley, A. R. Siamaki, B. F. Gupton, K. C. Ellis, Org. Lett. 2015, 17, 1782–1785.  

[24]  S. Roesner, S. L. Buchwald, Angew. Chem. 2016, 128, 10619-10623; Angew. Chem. Int. Ed. 2016, 

55, 10463–10467. 



 S18 

[25]  X. Peng, Y. Zhu, T. A. Ramirez, B. Zhao, Y. Shi, Org. Lett. 2011, 13, 5244–5247. 

[26]  H. L. Barlow, C. J. Teskey, M. F. Greaney, Org. Lett. 2017, 19, 6662–6665. 

[27]  L. Y. Xi, R. Y. Zhang, S. Liang, S. Y. Chen, X. Q. Yu, Org. Lett. 2014, 16, 5269–5271. 

[28]  H. Wang, S. Yu, Z. Qi, X. Li, Org. Lett. 2015, 17, 2812–2815. 

[29]  Z. Chen, C. Y. He, Z. Yin, L. Chen, Y. He, X. Zhang, Angew. Chem. 2013, 125, 5925–5929; Angew. 

Chem. Int. Ed. 2013, 52, 5813–5817. 

[30]  E. Altmann, P. Erbel, M. Renatus, M. Schaefer, A. Schlierf, A. Druet, L. Kieffer, M. Sorge, K. 

Pfister, U. Hassiepen, M. Jones, S. Ruedisser, D. Ostermeier, B. Martoglio, A. B. Jefferson, J. 

Quancard, Angew. Chem. 2017, 129, 1314-1317; Angew. Chem. Int. Ed. 2017, 56, 1294–1297. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 S19 

7. Copies of 1H and 13C NMR Spectra of Products 
1H NMR, 400 MHz, CDCl3 

 
13C NMR, 100 MHz, CDCl3 
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1H NMR, 400 MHz, DMSO 

 

13C NMR, 100 MHz, DMSO 
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