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Flash chromatography was performed using Si 25 S/M cartriges.  Analytical thin layer 

chromatography (TLC) was performed with 0.25 mm silica gel 60-F commercial silica gel plates.  

Visualization was accomplished with UV light. 

LC/MS solvent was acetonitrile/water with 0.05% formic acid. 

1
H and 

13
C nuclear magnetic resonance (NMR) spectra were recorded on a 500 or 600 MHz 

spectrometer.   

General Procedure: To a sealed tube was added aryl bromide (1 eq.), boronic ester (1.2 eq.), base (2 

eq.), solvent and catalyst (3 mol%).  The sealed tube was then heated at 90 
o
C over 18 h.  After 1 h, to 

the mixture was added dichloromethane and water.  The organic layer was concentrated and purified by 

silica gel chromatography eluting with ethyl acetate and hexanes to give the desired product.  

Representative procedure: To a solution of 2a (56 mg, 37 µL, 0.36 mmol) and 3a (100 mg, 0.43 

mmol) in 4 mL of 2-propanol was added 1a (6 mg, 0.011 mmol) and cesium fluoride (108 mg, 0.71 

mmol) and flushed with nitrogen.  The resulting mixture was stirred at 100 
o
C overnight, cooled to room 

temperature, concentrated, and purified by biotage with 2-5% ethyl acetate in hexanes to give 4a (42 mg, 

0.23 mmol, 64%) as a pale yellow oil. 

   Scale-up procedure: To a solution of 3b (1000 mg, 3.66 mmol) and 2k (687 mg, 3.05 mmol) in 10 

mL of isopropanol was added 1c (7.7 mg, 0.015 mmol) and cesium fluoride (928 mg, 6.1 mmol) and 

flushed with nitrogen.  The resulting mixture was stirred at 90 
o
C overnight, cooled to room 

temperature, diluted with ethyl acetate (200 mL), and washed with water (100 mL).  The aqeous layer 

was extracted with additional 200 mL of ethyl acetate.  The combined organic layers were dried with 

sodium sulfate and then concentrated in vacuo.  The resulting residue was purified by biotage with 2-5% 

ethyl acetate in hexanes to give 4r (879 mg, 3.02 mmol, 99%) as a white crystaline solid.  (The first time 

the same reaction gave a yield of 93%). 
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   i-PrOLi additive procedure:  To a solution of 2k (41 mg, 0.18 mmol), 3i (100 mg, 0.37 mmol), CsF 

(84 mg, 0.55 mmol), PXPd (1a) (3 mg, 0.0056 mmol) in dioxane (3 mL) was added lithium 

isopropoxide (0.18 mL, 0.36 mmol, THF solution, 2 M).  The resulting mixture was heated at 90 
o
C 

overnight.  The same work-up and column purification procedures as the aforementioned scale-up 

protocol yielded the desired product 4q as a colorless oil (26 mg, 0.095 mmol, 52%). 

   t-BuOLi additive procedure:  (Table 3, entry 10) Pyridine-2-boronic acid pinacol ester 3h (1.58 g, 

7.64 mmol) and bromobenzene 2a (1.0 g, 6.37 mmol) were dissolved in isopropanol (5 mL) before 

being added to a mixture of the POPd-mix catalyst (0.096 g, 0.191 mmol) and lithium tert-butoxide 

(1.02 g, 13 mmol) in isopropanol (10 mL). The reaction mixture was stirred at room temperature for 30 

min and then heated to 90 °C for 12 h. After the reaction mixture was cooled down to room temperature, 

it was filtered through celite. The filtrate was collected and the solvents were removed by rotary 

evaporation. The crude product was purified by silica gel column chromatography eluting with 5% ethyl 

acetate in hexanes to afford the 2-phenylpyridine as a pale yellow liquid (0.49 g, 3.16 mmol, 50%).  

 

Appendix: (The 
1
H-NMR, 

13
C-NMR and LC/MS)  

NMeO

4a  

4a:
1
H-NMR (500 MHz, CDCl3): δ 8.14 (m, 2 H), 7.67 (t, J=7.5 Hz, 1H), 7.53 (m, 2H), 7.47 (m, 1H), 

7.39 (d, J=7.5 Hz, 1H), 6.76 (d, J=8.0 Hz, 1H), 4.12 (s, 3H); 
13

C-NMR (150 MHz, CDCl3): δ 163.7, 

154.6, 139.13, 139.05, 128.8, 128.6, 126.7, 112.8, 109.2, 53.2.  LC/MS m/z: 186.12 (M+H). 

4b

N

OMe

MeO

 

4b:
1
H-NMR (500 MHz, CDCl3): δ 8.08 (dd, J=2.0, 7.0 Hz, 2H), 7.62 (t, J=7.5 Hz, 1H), 7.31 (d, J=7.0 

Hz, 1H), 7.04 (dd, J=2.0, 7.0 Hz, 2H), 6.69 (d, J=8.0 Hz, 1H), 4.10 (s, 3H), 3.89 (s, 3H); 
13

C-NMR (125 

MHz, CDCl3): δ 163.9, 160.6, 154.7, 139.4, 132.0, 128.2, 114.2, 112.2, 108.6, 55.6, 53.4.  LC/MS m/z: 

216.10 (M+H). 

4c

NMeO

Me

 

4c:
1
H-NMR (500 MHz, CDCl3): δ 7.67 (t, J=8.0 Hz, 1H), 7.51 (d, J=6.5 Hz, 1H), 7.34 (m, 3H), 7.05 

(d, J=7.0 Hz, 1H), 6.76 (d, J=8.0 Hz, 1H), 4.03 (s, 3H), 2.52 (s, 3H); 
13

C-NMR (125 MHz, CDCl3): δ 
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163.5, 157.9, 140.4, 138.9, 136.5, 131.2, 130.0, 128.4, 126.1, 117.0, 109.0, 53.6, 21.1.  LC/MS m/z: 

200.18 (M+H). 

4d

NMeO
Me

 

4d:
1
H-NMR (500 MHz, CDCl3): δ 7.94 (s, 1H), 7.91 (d, J=8.0 Hz, 1H), 7.66 (t, J=8.0 Hz, 1H), 7.41 

(m, 2H), 7.27 (d, J=7.0 Hz, 1H), 6.74 (d, J=8.0 Hz, 1H), 4.12 (s, 3H), 2.51 (s, 3H); 
13

C-NMR (125 

MHz, CDCl3): δ 163.7, 154.8, 139.0, 138.1, 129.5, 128.4, 127.3, 123.8, 112.8, 109.0, 53.1, 29.7, 21.5.  

LC/MS m/z: 200.19 (M+H). 

4e

NMeO

CN

 

4e:
1
H-NMR (500 MHz, CDCl3): δ 7.81 (m, 2H), 7.68 (m, 2H), 7.46 (t, J=7.5 Hz, 1H), 7.31 (d, J=7.5 

Hz, 1H), 6.79 (d, J=8.5 Hz, 1H), 4.10 (s, 3H); 
13

C-NMR (125 MHz, CDCl3): δ 163.6, 152.3, 142.7, 

139.0, 134.5, 132.4, 129.2, 128.4, 119.1, 115.1, 110.8, 53.8.  LC/MS m/z: 211.15 (M+H). 

N

N

4f

NMeO

 

4f:
1
H-NMR (500 MHz, CDCl3): δ 9.59 (d, J=1.5 Hz, 1H), 8.55 (m, 2H), 7.93 (d, J=7.5 Hz, 1H), 7.68 (t, 

J=8.0 Hz, 1H), 6.79 (d, J=8.5 Hz, 1H), 4.02 (s, 3H); 
13

C-NMR (125 MHz, CDCl3): δ 163.8, 151.6, 

151.2, 144.4, 143.7, 143.5, 139.6, 114.4, 112.4, 53.6.  LC/MS m/z: 188.15 (M+H). 

N4g

NMeO

 

4g:
1
H-NMR (500 MHz, CDCl3): δ 9.22 (s, 1H), 8.58 (d, J=4.5 Hz, 1H), 8.28 (dt, J=2.0, 8.0 Hz, 1H), 

7.60 (t, J=7.5 Hz, 1H), 7.33 (m, 2H), 6.70 (d, J=8.5 Hz, 1H), 3.99 (s, 3H); 
13

C-NMR (125 MHz, 

CDCl3): δ 164.2, 152.1, 149.9, 148.4, 139.5, 134.7, 134.2, 123.7, 113.1, 110.5, 53.5.  LC/MS m/z: 

187.19 (M+H). 

N

4h

MeO

S

N
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4h:
1
H-NMR (600 MHz, CDCl3): δ 8.85 (d, J=2.4 Hz, 1H), 8.10 (d, J=1.8 Hz, 1H), 7.74 (d, J=7.8 Hz, 

1H), 7.66 (t, J=7.8 Hz, 1H), 6.70 (d, J=7.8 Hz, 1H), 4.01 (s, 3H); 
13

C-NMR (150 MHz, CDCl3): δ 

163.6, 156.4, 152.8, 149.7, 139.4, 116.5, 113.7, 110.2, 53.1.  LC/MS m/z: 193.12 (M+H). 

N

4i

MeO

Ph

 

4i:
1
H-NMR (500 MHz, CDCl3): δ 8.17 (d, J=8.5 Hz, 2H), 7.70 (m, 6H), 7.52 (m, 2H), 7.42 (m, 2H), 

4.10 (s, 3H); 
13

C-NMR (125 MHz, CDCl3): δ 164.1, 154.6, 141.9, 141.0, 139.5, 138.3, 129.2, 127.8, 

127.6, 127.45, 127.40, 113.1, 109.6, 53.5.  LC/MS m/z: 262.18 (M+H). 

4j

NF3C

 

4j:
1
H-NMR (500 MHz, CDCl3): δ 8.01 (d, J=8.0 Hz, 2H), 7.90 (d, J=3.5 Hz, 2H), 7.60 (t, J=4.5 Hz, 

1H), 7.33 (d, J=8.0 Hz, 2H), 2.46 (s, 3H); 
13

C-NMR (125 MHz, CDCl3): δ 157.7, 147.9, 139.9, 137.9, 

134.9, 129.5, 126.9, 122.3, 118.05, 118.03, 21.1.  LC/MS m/z: 238.02 (M+H). 

4k

NCl

 

4k:
1
H-NMR (500 MHz, CDCl3): δ 7.92 (d, J=8.0 Hz, 2H), 7.70 (t, J=8.0 Hz, 1H), 7.64 (d, J=7.5 Hz, 

1H), 7.29 (d, J=8.0 Hz, 2H), 7.26 (d, J=7.5 Hz, 1H), 2.43 (s, 3H); 
13

C-NMR (150 MHz, CDCl3): δ 

158.1, 139.7, 139.2, 134.9, 129.5, 126.8, 124.8, 122.1, 118.2, 21.3.  LC/MS m/z: 204.19 (M+H). 

4l

N

CF3
 

4l:
1
H-NMR (600 MHz, CDCl3): δ 8.10 (d, J=7.8 Hz, 2H), 7.71 (d, J=8.4 Hz, 2H), 7.67 (t, J=7.8 Hz, 

1H), 7.54 (d, J=7.8H, 1H), 7.16 (d, J=7.8 Hz, 1H); 
13

C-NMR (150 MHz, CDCl3): δ 159.0, 155.6, 143.3, 

137.3, 130.7, 127.5, 125.9, 125.8, 122.7, 118.2, 24.9.  LC/MS m/z: 238.17 (M+H). 

4m

NNC
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4m:
1
H-NMR (500 MHz, CDCl3): δ 7.96 (m, 3H), 7.90 (t, J=7.5 Hz, 1H), 7.62 (d, J=7.5 Hz, 1H), 7.33 

(d, J=8.0 Hz, 2H), 2.46 (s, 3H); 
13

C-NMR (125 MHz, CDCl3): δ 158.9, 140.4, 137.5, 134.3, 133.6, 

129.7, 126.9, 126.2, 123.1, 117.4, 21.3.  LC/MS m/z: 195.02 (M+H). 

N4n

NBr

 

4n:
1
H-NMR (600 MHz, CDCl3): δ 9.14 (d, J=1.8 Hz, 1H), 8.64 (m, 1H), 8.30 (m, 1H), 7.69 (d, J=7.8 

Hz, 1H), 7.62 (t, J=7.8 Hz, 1H), 7.45 (d, J=7.8 Hz, 1H), 7.38 (dd, J=4.8, 7.8 Hz, 1H); 
13

C-NMR (150 

MHz, CDCl3): δ 156.1, 150.7, 148.3, 142.8, 139.5, 134.8, 133.5, 127.4, 123.9, 119.3.  LC/MS m/z: 

237.04(M+H). 

4o

NEt2N

CF3
 

4o:
1
H-NMR (600 MHz, CDCl3): δ 8.14 (d, J=8.4 Hz, 2H), 7.68 (d, J=8.4 Hz, 2H), 7.51 (t, J=7.8 Hz, 

1H), 7.01 (d, J=7.2 Hz, 1H), 6.49 (d, J=8.4 Hz, 1H), 3.61 (q, J=7.2 Hz, 4H), 1.24 (t, J=6.9 Hz, 6H); 
13

C-

NMR (150 MHz, CDCl3): δ 157.5, 153.8, 143.9, 138.1, 130.2, 127.1, 125.6, 125.5, 107.8, 105.2, 42.8, 

13.2.  LC/MS m/z: 295.18 (M+H). 

4p

N

 

4p:
1
H-NMR (500 MHz, CDCl3): δ 8.72 (d, J=4.5 Hz, 1H), 8.03 (d, J=7.0 Hz, 2H), 7.73 (d, J=3.5 Hz, 

2H), 7.50 (t, J=7.0 Hz, 2H), 7.44 (t, J=7.0 Hz, 1H), 7.22 (q, J=4.5 Hz, 1H); 
13

C-NMR (150 MHz, 

CDCl3): δ 157.7, 149.9, 139.7, 137.0, 129.2, 129.0, 127.2, 122.4, 120.8.  LC/MS m/z: 156.17 (M+H). 

4q

N

CF3

CF3

 

4q:
1
H-NMR (500 MHz, CDCl3): δ 8.89 (d, J=2.5 Hz, 1H), 8.14 (d, J=8.0 Hz, 2H), 7.95 (s, 1H), 7.74 (d, 

J=8.5 Hz, 2H), 7.51 (d, J=2.5 Hz, 1H); 
13

C-NMR (150 MHz, CDCl3): δ 157.2, 150.9, 141.2, 139.4, 

131.6, 127.4, 125.94, 125.89, 125.87, 118.4, 116.3;  LC/MS m/z: 292.12 (M+H). 
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4r

NF3C

CF3
 

4r:
1
H-NMR (600 MHz, CDCl3): δ 8.18 (d, J=7.8 Hz, 2H), 7.97 (m, 2H), 7.75 (d, J=7.8 Hz, 2H), 7.68 

(m, 1H); 
13

C-NMR (150 MHz, CDCl3): δ 156.5, 148.7, 141.2, 138.7, 131.8, 127.7, 126.1, 126.0, 123.3, 

119.64, 119.63.  LC/MS m/z: 292.19 (M+H). 

 

 

 

Appendix: (
1
H- and LC/MS spectra) 



 

S9 

 

 

 



 

S10 

 

 

 

 



 

S11 

 

 

 

 

 



 

S12 

 

 

 



 

S13 

 

 

 



 

S14 

 

 

 

 



 

S15 

 

 

 



 

S16 

 

 

 

 

 



 

S17 

 

 

 

 

 

 

 



 

S18 

 

 

 

 



 

S19 

 

 

 

 

 

 



 

S20 

 

 

 

 

 



 

S21 

 

 

 

 

 

 



 

S22 

 

 

 

 

 



 

S23 

 

 

 

 

 

 



 

S24 

 



 

S25 

 

 

 

 

 

 



 

S26 

 

 

 

 

 

 

 



 

S27 

 

 

 

 

 



 

S28 

 

 



 

S29 

 

 

 

 

 



 

S30 

 

 

 

 

 

 

 



 

S31 

 

 

 



 

S32 

 

 

 

 

 



 

S33 

 

 

 

 

 

 

 

 



 

S34 

 

 

 



 

S35 

 

 

 

 

 



 

S36 

 

 

 

 

 

 

 

 



 

S37 

 

 



 

S38 

 

 

 

 

 

 



 

S39 

 

 

 

 

 

 

 

 



 

S40 

 

 

 



 

S41 

 

 

 

 

 

 

 



 

S42 

 

 

 

 

 

 



 

S43 

 



 

S44 

 

 

 

 

 



 

S45 

 

 

 

 

 

 

 

 

 

 



 

S46 

 

 

 

 



 

S47 

 

 

 

 

 

 

 

 



 

S48 

 

 

 



 

S49 

 

 

 

 

 



 

S50 

 

 

 

 

 

 

 



 

S51 

 



 

S52 

 



 

S53 

 

 

 

 

 

 

 



 

S54 

 

 

 

 

 

 

 

 



 

S55 

 

 

 



 

S56 

 

 

 

 



 

S57 

 

 

 



 

S58 

 

 



 

S59 

 

 

 

 

 

 



 

S60 

 

 

 

 

 

 

 



 

S61 

 

 

 

 



 

S62 

 

 

 

 

 



 

S63 

 


