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Supplementary Materials 
1H-, 13C-, 19F-, 31P-NMR spectra were recorded on a Varian Mercury (400 MHz) and 
tetramethylsilane, trifluoroacetic acid, triphenylphosphine were used as standard. IR spectra were 
measured on a JASCO FT/IR-410 spectrophotometer. Melting points were determined with a 
Yanagimoto micro melting point apparatus without correction. High- and low-resolution mass 
spectra were measured on a JEOL JMS-DX-303, a JEOL JMS-700, or a JMS-T100GC spectrometer. 
Silica gel 60 (40-50 µm, Kanto Chemical CO., INC.) was employed for flash column 
chromatography. 
 
Typical experimental procedures for the synthesis of 2-Fluorobenzothiazole (3a): In a 
two-necked flask equipped with a magnetic stirrer bar and a reflux condenser were placed 
RhH(dppBz)2 (10 mol%, 24.9 mg), 4-[(2-benzothiazolyl)oxy]benzonitrile (1a) (0.25 mmol, 63.1 mg), 
and [(4-chlorophenyl)thio]pentafluorobenzene (2a) (1.00 mmol, 310.6 mg) in chlorobenzene (0.25 
mL) under an argon atmosphere, and the solution was stirred and heated at reflux for 3 h. The 
solvent was removed under reduced pressure, and the residue was purified by flush column 
chromatography on silica gel giving 2-fluorobenzothiazole (3a) (67%, 25.7 mg) and 
1-[(4-Chlorophenyl)thio]-4-[(4-cyanophenyl)oxy]-2,3,5,6-tetrafluorobenzene (4a) (75%, 76.7 mg).  
2-Fluorobenzothiazole1) (3a): Colorless oil. 1H-NMR (400 MHz, CDCl3) δ 7.38 (t, J = 8.0 Hz), 
7.48 (t, J = 8.0 Hz), 7.73 (d, J = 8.0 Hz), 7.84 (dt, J = 0.4, 8.0 Hz). 13C-NMR (100 MHz, CDCl3) δ 
121.8, 122.8 (d, J = 2.9 Hz), 125.4 (d, J = 4.5 Hz), 126.9, 132.6 (d, J = 4.5 Hz), 146.2 (d, J = 18.6 
Hz), 168.7 (d, J = 285.2 Hz). 19F-NMR (376 MHz, CDCl3) δ -75.8 (s). IR (neat) 3067, 1678, 1559, 
1223, 755 cm-1. MS (EI) m/z 153 (M+, 100%). HRMS Calcd for C7H4FNS: 153.0048. Found: 
153.0047. 

S
N F 

1-[(4-Chlorophenyl)thio]-4-[(4-cyanophenyl)oxy]-2,3,5,6-tetrafluorobenzene (4a): Colorless 
solid. Mp. 114.0-115.0 °C (Hexane/AcOEt = 4). 1H-NMR (400 MHz, CDCl3) δ 7.06 (2H, d, J = 8.8 
Hz), 7.30 (2H, d, J = 8.4 Hz), 7.38 (2H, d, J = 8.8 Hz), 7.67 (2H, d, J = 9.2 Hz). 13C-NMR (100 
MHz, CDCl3) δ 107.9, 111.0 (t, J = 20.9 Hz), 116.3, 118.1, 129.6, 130.9, 132.6, 133.2 (t, J = 13.4 
Hz), 134.4, 134.6, 141.1 (dddd, J = 253.2, 17.1, 5.2, 3.0 Hz), 147.6 (dddd, J = 248.0, 12.0, 3.7, 3.7 
Hz), 159.5. 19F-NMR (376 MHz, CDCl3) δ -155.5 (2F, dd, J = 8.1, 22.8 Hz), -135.0 (2F, dd, J = 8.0, 
22.7 Hz). IR (KBr) 3079, 1603, 1222, 1167, 1089, 1082, 822 cm-1. MS (EI) m/z 409 (M+, 100%), 
389 (M+-Cl, 3%), 307 (M+-C7H4N, 5%), 291 (M+-C7H4NO, 7%). HRMS Calcd for C19H8F4NOS: 
408.9951. Found: 408.9967. 
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2-Fluoro-6-methylbenzothiazole2) (3b): Colorless solid. Mp. 54.0-55.0 °C (Hexane). 1H-NMR (400 
MHz, CDCl3) δ 2.47 (3H, s), 7.28 (1H, dd, J = 1.6, 8.4 Hz), 7.52 (1H, s), 7.71 (1H, d, J = 8.4 Hz). 
13C-NMR (100 MHz, CDCl3) δ 21.5, 121.6, 122.4 (d, J = 3.0 Hz), 128.3, 132.6 (d, J = 4.5 Hz), 135.6 
(d, J = 4.4Hz), 144.0 (d, J = 17.8 Hz), 166.6 (d, J = 284.5 Hz). 19F-NMR (376 MHz, CDCl3) δ -76.5 
(s). IR (KBr) 2918, 1560, 1228, 814 cm-1. MS (EI) m/z 167 (M+, 100%). HRMS Calcd for 
C8H6FNS: 167.0205. Found: 167.0182. 

S
N F

Me  
2-Fluoro-6-(2-methylethyl)benzothiazole (3c): Colorless oil. 1H-NMR (400 MHz, CDCl3) δ 1.30 
(6H, d, J = 7.2 Hz), 3.02 (1H, sep, J = 7.2 Hz), 7.34 (1H, dd, J = 2.0, 8.4 Hz), 7.57 (1H, m), 7.74 (1H, 
d, J = 8.4 Hz). 13C-NMR (100 MHz, CDCl3) δ 24.8, 34.9, 35.0, 119.7 (d, J = 9.0 Hz), 123.2 (d, J = 
21.6 Hz), 126.6 (d, J = 3.7 Hz), 133.4 (d, J = 3.7 Hz), 145.0 (d, J = 17.9 Hz), 147.4 (d, J = 3.7 Hz), 
168.8 (d, J = 284.4 Hz). 19F-NMR (376 MHz, CDCl3) δ -76.2 (s). IR (neat) 2962, 2928, 2871, 1610, 
1227, 824 cm-1. MS (EI) m/z 195 (M+, 56%), 180 (M+-C2H3, 100%). HRMS Calcd for C10H10FNS: 
195.0518. Found: 195.0518. 

S
N F

 
2-Fluoro-5-methylbenzothiazole (3d): Colorless oil. 1H-NMR (400 MHz, CDCl3) δ 2.48 (3H, s), 
7.21 (1H, d, J = 8.4Hz), 7.60 (1H, dd, J = 0.8, 8.4 Hz), 7.64 (1H, s). 13C-NMR (100 MHz, CDCl3) δ 
21.5, 121.3, 123.1 (d, J = 2.9 Hz), 126.9 (d, J = 4.5 Hz), 129.4 (d, J = 4.5 Hz), 137.1, 146.4 (d, J = 
17.8 Hz), 166.0 (d, J = 285.3 Hz). 19F-NMR (376 MHz, CDCl3) δ -75.3 (s). IR (neat) 2923, 1613, 
1459, 1229, 799 cm-1. MS (EI) m/z 167 (M+, 100%). HRMS Calcd for C8H6FNS: 167.0205. Found: 
167.0181. 

S
N F

Me
 

2-Fluoro-5,6-dimethoxybenzothiazole (3e): Colorless solid. Mp. 109.5-110.5 °C (Hexane). 
1H-NMR (400 MHz, CDCl3) δ 3.94 (6H, s), 7.15 (1H, s), 7.32 (1H, s). 13C-NMR (100 MHz, CDCl3) 
δ 56.2, 56.4, 103.1, 105.1 (d, J = 2.3 Hz), 123.7 (d, J = 3.8 Hz), 140.0 (d, J = 17.9 Hz), 148.4 (d, J = 
3.7 Hz), 149.6, 167.5 (d, J = 283.7 Hz). 19F-NMR (376 MHz, CDCl3) δ -78.3 (s). IR (KBr) 3058, 
1606, 1564, 1226, 1204, 1058 cm-1. MS (EI) 213 (M+, 100%), 198 (M+-CH3, 38%). HRMS Calcd 
for C9H8FNO2S: 213.0260. Found: 213.0268. 
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2-Fluoro-4-phenyloxazole3) (3f): Colorless oil. 1H-NMR (400 MHz, CDCl3) δ 7.35 (1H, t, J = 7.2 
Hz), 7.41 (2H, t, J = 7.2 Hz), 7.59 (1H, d, J = 1.2 Hz), 7.66 (2H, td, J = 1.2, 7.2 Hz). 13C-NMR (100 
MHz, CDCl3) δ 125.2, 128.7, 128.8, 129.5 (d, J = 6.7 Hz), 129.9, 140.4 (d, J = 4.5 Hz), 156.6 (d, J = 
254.6 Hz). 19F-NMR (376 MHz, CDCl3) δ -99.4 (s). IR (neat) 1599, 1485, 1092, 713 cm-1. MS (EI) 
m/z 163 (M+, 100%), 135 (M+-CO, 23%). HRMS Calcd for C9H6FNO: 163.0433. Found: 163.0479. 

O
N F 

2-Fluoro-4-(4-chlorophenyl)oxazole (3g): Colorless solid. Mp. 91.5-92.5 °C (Hexane). 1H-NMR 
(400 MHz, CDCl3) δ 7.38 (2H, d, J = 8.8 Hz), 7.57-7.61 (3H, m). 13C-NMR (100 MHz, CDCl3) δ 
126.5, 128.4, 129.0, 129.7 (d, J = 6.7 Hz), 134.5, 139.4 (d, J = 4.5 Hz), 156.7 (d, J = 255.4 Hz). 
19F-NMR (376 MHz, CDCl3) δ -96.2 (s). IR (KBr) 3117, 1636, 1237, 1011, 833 cm-1. MS (EI) m/z 
197 (M+, 100%), 169 (M+-CO, 32%). HRMS Calcd for C9H5ClFNO: 197.0044. Found: 197.0067. 

O
N F

Cl

 
2-Fluoro-4-(4-methoxyphenyl)oxazole (3h): Colorless solid. Mp. 72.3-73.0 °C (Hexane). 1H-NMR 
(400 MHz, CDCl3) δ 3.84 (3H, s), 6.93 (2H, d, J = 9.2 Hz), 7.49 (1H, d, J = 0.8 Hz), 7.58 (2H, d, J = 
8.8 Hz). 13C-NMR (100 MHz, CDCl3) δ 55.3, 114.2, 122.6, 126.6, 128.5 (d, J = 6.7 Hz), 140.1 (d, J 
= 4.4 Hz), 156.5 (d, J = 254.0 Hz), 160.0. 19F-NMR (376 MHz, CDCl3) δ -99.7 (s). IR (KBr) 3143, 
1649, 1257, 1174, 841 cm-1. MS (EI) m/z 193 (M+, 100%), 178 (M+-CH3, 24%), 165 (M+-CO, 15%). 
HRMS Calcd for C10H8FNO2: 193.0539. Found: 193.0546. 

O
N F

MeO

 
2-Fluoro-4,5-diphenyloxazole3) (3i): Colorless oil. 1H-NMR (400 MHz, CDCl3) δ 7.33-7.40 (6H, 
m), 7.55 (2H, m), 7.63 (2H, m). 13C-NMR (100 MHz, CDCl3) δ 126.5, 127.6, 127.8, 128.6, 128.7, 
128.8, 129.0, 131.2, 134.2 (d, J = 3.7 Hz), 142.3 (d, J = 6.7 Hz), 155.5 (d, J = 255.5 Hz). 19F-NMR 
(376 MHz, CDCl3) δ -100.6 (s). IR (neat) 1639, 1223, 764, 692 cm-1. MS (EI) m/z 239 (M+, 100%), 
211 (M+-CO, 15%). HRMS Calcd for C15H10FNO: 239.0746. Found: 239.0783. 

O
N F
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2-Fluoro-4-phenylthiazole4) (3j): Colorless oil. 1H-NMR (400 MHz, CDCl3) δ 7.07 (1H, d, J = 1.2 
Hz), 7.34 (1H, t, J = 7.2 Hz), 7.41 (2H, t, J = 7.6 Hz), 7.80 (2H, d, J = 7.2 Hz). 13C-NMR (100 MHz, 
CDCl3) δ 107.8 (d, J = 4.5 Hz), 125.8, 128.5, 128.8, 133.5, 148.3 (d, J = 14.1 Hz), 169.8 (d, J = 
281.5 Hz). 19F-NMR (376 MHz, CDCl3) δ -82.8 (s). IR (KBr) 3096, 3061, 3029, 1543, 1237, 1199, 
745, 689 cm-1. MS (EI) m/z 179 (M+, 100%), 134 (M+-CHS, 17%). HRMS Calcd for C9H5FNS: 
179.0205. Found: 179.0205. 

S
N F 

1-(5-Fluoro-2-furyl)ethanone (3k): Colorless oil. 1H-NMR (400 MHz, Chlorobenzene-d5) δ 2.04, 
5.16 (dd, J = 3.6, 7.2 Hz), 6.63 (dd, J = 3.2, 3.6 Hz). 13C-NMR (100 MHz, CDCl3) δ 25.2, 85.7 (d, J 
= 13.4 Hz), 119.6, 143.4, 159.1 (d, J = 285.3 Hz), 185.1. 19F-NMR (376 MHz, CDCl3) δ -109.4 (d, J 
= 3.8 Hz). IR (neat) 3026, 1683, 1619, 1122 cm-1. MS (EI) m/z 128 (M+, 50%), 113 (M+-CH3, 100%). 
HRMS Calcd for C6H5FO2: 128.0724. Found: 128.0306. 
13C-NMR was observed before removal of chlorobenzene, because 3k was volatile. 

OF O
 

(5-Fluoro-2-thienyl)phenylmethanone (3l): Yellow solid. Mp. 66.5-67.5 °C (Hexane). 1H-NMR 
(400 MHz, CDCl3) δ 6.58 (1H, dd, J = 1.2, 4.4 Hz), 7.34 (1H, dd, J = 3.6, 4.4 Hz), 7.50 (2H, t, J = 
8.0 Hz), 7.60 (1H, tt, J = 1.6, 7.6 Hz), 7.80 (2H, d, J = 7.2 Hz). 13C-NMR (100 MHz, CDCl3) δ 109.6 
(d, J = 11.9 Hz), 128.5, 129.0, 132.3, 133.0, 133.3 (d, J = 4.4 Hz), 137.1, 172.3 (d, J = 298.6 Hz), 
188.0. 19F-NMR (376 MHz, CDCl3) δ -120.2 (d, J = 2.6 Hz). IR (KBr) 3053, 1623, 1207, 708 cm-1. 
MS (EI) m/z 206 (M+, 100%), 129 (M+-C6H5, 85%), 105 (M+-C7H5O, 93%). HRMS Calcd for 
C11H7FOS: 206.0202. Found: 206.0170. 

SF
Ph
O

 
4-Fluoro-6,7-dimethoxyquinazoline (3m): Colorless solid. Mp. 165.2-166.0 °C (Hexane/AcOEt = 
4). 1H-NMR (400 MHz, CDCl3) δ 4.06 (3H, s), 4.08 (3H, s), 7.29 (1H, s), 7.38 (1H, d, J = 1.6 Hz), 
8.77 (1H, d, J = 1.6 Hz). 13C-NMR (100 MHz, CDCl3) δ 56.4, 56.5, 99.5, 106.8 (d, J = 5.2 Hz), 
109.0 (d, J = 25.3 Hz), 151.0, 151.6 (d, J = 6.7 Hz), 152.5 (d, J = 14.9 Hz), 156.8, 165.6 (d, J = 
255.4 Hz). 19F-NMR (376 MHz, CDCl3) δ -71.3 (s). IR (KBr) 2952, 2925, 1617, 1601, 1237, 1127 
cm-1. MS (EI) m/z 208 (M+, 100%), 193 (M+-CH3, 20%), 165 (M+-C2H3O, 23%). HRMS Calcd for 
C10H9FN2O2: 208.0648. Found: 208.0651. 

N
NMeO

MeO

F
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4-Fluoroquinazoline5) (3n): Colorless solid. Mp. 81.5-82.5 °C (sublimation). 1H-NMR (400 MHz, 
CDCl3) δ 7.74 (1H, t, J = 7.6 Hz), 8.00 (1H, td, J = 0.8, 8.0 Hz), 8.12 (1H, d, J = 8.8 Hz), 8.17 (1H, 
dd, J = 0.8, 8.4 Hz), 8.96 (1H, d, J = 1.2 Hz). 13C-NMR (100 MHz, CDCl3) δ 114.6 (d, J = 26.1 Hz), 
122.7, 128.1 (d, J = 4.5 Hz), 128.6, 135.2, 153.6 (d, J = 5.2 Hz), 153.9 (d, J = 14.9 Hz), 167.1 (d, J = 
261.4 Hz). 19F-NMR (376 MHz, CDCl3) δ -67.5 (s). IR (KBr) 3059, 1674, 1596, 1561, 1112, 778 
cm-1. MS (EI) m/z 148 (M+, 100%), 129 (M+-F, 28%). HRMS Calcd for C8H5FN2: 148.0437. Found: 
148.0456. 

N
N

F

 
2-Fluoroquinoxaline5) (3o): Brown oil. 1H-NMR (400 MHz, CDCl3) δ 7.76-7.85 (2H, m), 7.98 (1H, 
dd, J = 1.6, 7.6 Hz), 8.17 (1H, dd, J = 1.6, 8.0 Hz), 8.72 (1H, d, J = 8.0 Hz). 13C-NMR (100 MHz, 
CDCl3) δ 128.2 (d, J = 1.5 Hz), 129.2, 129.2 (d, J = 3.0 Hz), 131.4, 136.1 (d, J = 42.5 Hz), 139.5 (d, 
J = 10.4 Hz), 141.3 (d, J = 1.4 Hz), 156.4 (d, J = 256.9 Hz). 19F-NMR (376 MHz, CDCl3) δ -77.9 (d, 
J = 7.5 Hz). IR (neat) 3067, 1586, 1216, 764 cm-1. MS (EI) m/z 148 (M+, 100%), 129 (M+-F, 12%). 
HRMS Calcd for C8H5FN2: 148.0437. Found: 148.0429. 

N
N F

 
3-Cyano-2-fluoroquinoline (3p): Brown solid. Mp. 148.5-149.5 °C (Hexane/AcOEt = 4). 1H-NMR 
(400 MHz, CDCl3) δ 7.70 (1H, t, J = 7.6 Hz), 7.94 (2H, m), 8.01 (1H, d, J = 8.4 Hz), 8.66 (1H, d, J = 
8.8 Hz). 13C-NMR (100 MHz, CDCl3) δ 96.5 (d, J = 38.0 Hz), 113.0 (d, J = 5.2 Hz), 125.3 (d, J = 
2.2 Hz), 127.9 (d, J = 3.0 Hz), 128.2, 128.4 (d, J = 1.5 Hz), 134.1, 146.5 (d, J = 15.6 Hz), 147.3 (d, J 
= 3.0 Hz), 157.5 (d, J = 245.8 Hz). 19F-NMR (376 MHz, CDCl3) δ -63.0 (d, J = 8.3 Hz). IR (KBr) 
3069, 2235, 1620, 1155, 763 cm-1. MS (EI) m/z 172 (M+, 100%), 145 (M+-CHN, 11%). HRMS 
Calcd for C10H5FN2: 172.0437. Found: 172.0439. 

N
CN
F  

2-Fluoro-4,6-diphenyltriazine6) (3q): Colorless solid. Mp. 111.5-112.0 °C (Hexane). 1H-NMR (400 
MHz, CDCl3) δ 7.56 (4H, t, J = 7.2 Hz), 7.65 (2H, t, J = 7.2 Hz), 8.65 (4H, d, J = 7.2 Hz). 13C-NMR 
(100 MHz, CDCl3) δ 128.8, 129.4, 133.7, 134.4 (d, J = 1.5 Hz), 170.8 (d, J = 227.2 Hz), 176.2 (d, J 
= 10.4 Hz). 19F-NMR (376 MHz, CDCl3) δ -42.7 (s). IR (KBr) 3067, 1513, 1117, 766 cm-1. MS (EI) 
m/z 251 (M+, 100%). HRMS Calcd for C15H10FN3: 251.0859. Found: 251.0855. 

N
N

N
F

Ph Ph 
2-Fluoro-5-phenylpyrimidine7) (3r): Colorless solid. Mp. 96.0-96.3 °C (Hexane/AcOEt = 4).  
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1H-NMR (400 MHz, CDCl3) δ 7.46-7.57 (5H, m), 8.82 (2H, d, J = 1.6 Hz). 13C-NMR (100 MHz, 
CDCl3) δ 126.9, 129.1, 129.5, 133.0 (d, J = 6.7 Hz, two carbon overlapped), 158.8 (d, J = 12.0 Hz), 
162.4 (d, J = 218.9 Hz). 19F-NMR (376 MHz, CDCl3) δ -51.3 (s). IR (KBr) 3059, 1571, 1425, 1287, 
771, 699 cm-1. MS (EI) m/z 174 (M+, 100%). HRMS Calcd for C10H7FN2: 174.0593. Found: 
174.0560. 

N
NPh F 

3-Fluoro-6-phenylpyridazine8) (3s): Colorless solid. Mp. 129.6-130.5 °C (Hexane/AcOEt = 4). 
1H-NMR (400 MHz, CDCl3) δ 7.29 (1H, dd, J = 2.0, 9.2 Hz), 7.51-7.56 (3H, m), 8.00-8.04 (3H, m). 
13C-NMR (100 MHz, CDCl3) δ 116.0 (d, J = 32.8 Hz), 127.0, 129.1, 129.5 (d, J = 7.4 Hz), 130.2, 
135.1 (d, J = 1.5 Hz), 159.2 (d, J = 3.0 Hz), 166.0 (d, J = 243.5 Hz). 19F-NMR (376 MHz, CDCl3) δ 
-85.7 (d, J = 6.4 Hz). IR (KBr) 3070, 1557, 1108, 844 cm-1. MS (EI) m/z 174 (M+, 100%), 146 
(M+-N2, 42%). HRMS Calcd for C10H7FN2: 174.0593. Found: 174.0594. 

N NPh F 
4-Fluoro-3-(trifluoromethyl)benzonitrile9) (3t): Colorless solid. Mp. 66.0-65.5 °C (Hexane). 
1H-NMR (400 MHz, CDCl3) δ 7.38 (1H, t, J = 9.2 Hz), 7.90 (1H, m), 7.96 (1H, dd, J = 2.0, 6.4 Hz). 
13C-NMR (100 MHz, CDCl3) δ 109.1 (d, J = 4.5 Hz), 116.6, 118.6 (d, J = 21.6 Hz), 120.0, 122.6, 
131.7 (m), 138.1 (d, J = 10.5 Hz), 162.0 (d, J = 265.9 Hz). 19F-NMR (376 MHz, CDCl3) δ -107.3 (1F, 
m), -65.5 (3F, d, J = 12.4 Hz). IR (KBr) 3075, 2236, 1624, 1505, 1333, 1172, 847 cm-1. MS (EI) m/z 
189 (M+, 100%), 170 (M+-F, 51%). HRMS Calcd for C8H3F4N: 189.0202. Found: 189.0176. 

F
CF3

NC  
4-Fluoro-2-(trifluoromethyl)benzonitrile10) (3u): Colorless solid. Mp. 43.0-43.8 °C (Hexane). 
1H-NMR (400 MHz, CDCl3) δ 7.41 (1H, dt, J = 2.8, 8.4 Hz), 7.53 (1H, dd, J = 2.8, 8.0 Hz), 7.90 
(1H, dd, J = 5.2, 8.8 Hz). 13C-NMR (100 MHz, CDCl3) δ 106.3 (d, J = 2.3 Hz), 114.6, 115.3 (ddd, J 
= 5.2, 9.6, 26.1 Hz), 119.7 (d, J = 22.4 Hz), 121.5 (qd, J = 2.3, 273.3 Hz), 135.7 (qd, J = 8.2, 33.5 
Hz), 137.3 (d, J = 8.9 Hz), 161.7 (d, J = 258.4 Hz). 19F-NMR (376 MHz, CDCl3) δ -103.3 (1F, m), 
-65.9 (3F, s). IR (KBr) 3064, 2238, 1615, 1499, 1320, 1130, 858 cm-1. MS (EI) m/z 189 (M+, 100%), 
170 (M+-F, 40%). HRMS Calcd for C8H3F4N: 189.0202. Found: 189.0182. 

F
F3C

NC  
 
 
Typical experimental procedures of Scheme 4: In a two-necked flask equipped with a magnetic 
stirrer bar and a reflux condenser were placed RhH(dppBz)2 (10 mol%, 24.9 mg), and 
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4-(4-phenyloxazolyloxy)benzonitrile (1f) (0.25 mmol, 65.6 mg), 2-fluorobenzothiazole (3a) (0.50 
mmol, 76.6 mg) in chlorobenzene (1.0 mL) under argon atmosphere, and the solution was heated at 
reflux for 3 h. The solvent was removed under reduced pressure, and the residue was purified by 
flash column chromatography on silica gel giving 2-fluoro-4-phenyloxazole (3f) (58%, 23.7 mg), 
4-fluorobenzonitrile (5a) (67%, 20.3 mg), and [2,3'(2'H)-bibenzothiazol]-2'-one (6) (56%, 39.8 mg).  
4-Fluorobenzonitrile8) (5a): Colorless solid. Mp. 33.0-33.5 °C (Hexane). 1H-NMR (400 MHz, 
CDCl3) δ 7.19 (2H, dd, J = 0.8, 9.2 Hz), 7.69 (2H, dd, J = 4.0, 9.2 Hz). 13C-NMR (100 MHz, CDCl3) 
δ 108.5 (d, J = 3.0 Hz), 116.8 (d, J = 22.3 Hz), 118.0, 134.7 (d, J = 8.9 Hz), 165.0 (d, J = 255.4 Hz). 
19F-NMR (376 MHz, CDCl3) δ -105.9 (m). IR (KBr) 2232, 1508, 1238, 840 cm-1. MS (EI) m/z 121 
(M+, 100%), 94 (M+-CHN, 30%). HRMS Calcd for C7H4FN: 121.0328. Found: 121.0321. 

FNC  
[2,3'(2'H)-Bibenzothiazol]-2'-one11) (6): Colorless solid. Mp. 157.0-158.0 °C (Hexane/AcOEt = 4). 
1H-NMR (400 MHz, CDCl3) δ 7.33 (1H, td, J = 1.2, 7.6 Hz), 7.41 (1H, td, J = 1.2, 7.6 Hz), 
7.46-7.54 (3H, m), 7.90 (1H, d, J = 8.0 Hz), 8.02 (1H, d, J = 8.0 Hz), 9.16 (1H, dd, J = 1.2, 8.8 Hz). 
13C-NMR (100 MHz, CDCl3) δ 117.4, 121.1, 121.4, 122.1, 122.4, 125.1, 125.2, 126.4, 127.2, 132.4, 
135.2, 148.2, 155.3, 169.8. IR (KBr) 3052, 1671, 1181, 746 cm-1. MS (EI) m/z 284 (M+, 100%), 256 
(M+-CO, 86%). HRMS Calcd for C14H8N2OS2: 284.0078. Found: 284.0047. 

S
N N S

O

 
 
4-[(2-Quinoxalinyl)oxy] 1o and 4-[(2-Pyrimidyl)oxy] 1r benzonitrile were also fluorinated using 3a 
(Scheme 1). 
Scheme 1 
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Typical experimental procedures for Scheme 5: In a two-necked flask equipped with a magnetic 
stirrer bar and a reflux condenser were placed RhH(dppBz)2 (10 mol%, 24.9 mg), and 
4-[(2-benzothiazolyl)oxy]benzonitrile (1a) (0.25 mmol, 63.1 mg), 2-fluorobenzothiazole (3a) (0.25 
mmol, 38.3 mg) in chlorobenzene (1.0 mL) under argon atmosphere, and the solution was heated at 
reflux for 3 h. The solvent was removed under reduced pressure, and the residue was purified by 
flash column chromatography on silica gel giving 4-fluorobenzonitrile (5a) (99%, 29.9 mg), and [2,
3'(2'H)-bibenzothiazol]-2'-one (6) (99%, 70.4 mg). 
 
(4-Fluorophenyl)phenylmethanone8) (5v): Colorless solid. Mp. 46.1- 47.1 °C (Hexane). 1H-NMR 
(400 MHz, CDCl3) δ 7.16 (2H, t, J = 8.8 Hz), 7.49 (2H, t, J = 7.6 Hz), 7.59 (1H, t, J = 7.6 Hz), 7.77 
(2H, d, J = 6.8 Hz), 7.85 (2H, dd, J = 1.6, 8.8 Hz). 13C-NMR (100 MHz, CDCl3) δ 155.4 (d, J = 21.6 
Hz), 128.3, 129.8, 132.4, 132.6 (d, J = 9.7 Hz), 133.7 (d, J = 3.0 Hz), 137.4, 165.3 (d, J = 253.2 Hz), 
195.2. 19F-NMR (376 MHz, CDCl3) δ -109.5 (m). IR (KBr) 3069, 1646, 1227, 816, 735, 700 cm-1. 
MS (EI) m/z 200 (M+, 97%), 123 (M+-C6H5, 100%), 105 (M+-C6H4F, 87%). HRMS Calcd for 
C13H8FO: 200.0637. Found: 200.0633. 

O F
 

3-Chloro-4-fluorobenzonitrile12) (5w): Colorless solid. Mp. 67.0-67.8 °C (Hexane). 1H-NMR (400 
MHz, CDCl3) δ 7.28 (1H, t, J = 8.4 Hz), 7.60 (1H, m), 7.75 (1H, dd, J = 2.0, 6.8 Hz). 13C-NMR (100 
MHz, CDCl3) δ 109.5 (d, J = 4.5 Hz), 116.8, 117.9 (d, J = 22.3 Hz), 122.8 (d, J = 18.6 Hz), 132.6 (d, 
J = 8.2 Hz), 134.7, 160.8 (d, J = 257.7 Hz). 19F-NMR (376 MHz, CDCl3) δ -108.2 (m). IR (KBr) 
3076, 3062, 3049, 2236, 1262, 1067, 835 cm-1. MS (EI) m/z 155 (M+, 100%), 128 (M+-CHN, 4%), 
120 (M+-Cl, 30%). HRMS Calcd for C7H3ClFN: 154.9938. Found: 154.9920. 

F
Cl

NC  
 
Typical experimental procedures for synthesis of RhH(dppBz)2: RhH(dppBz)2 was synthesized 
by ligand exchange of RhH(PPh3)4 and dppBz. In a two-necked flask equipped with a magnetic 
stirrer bar were placed RhH(PPh3)4 (0.5 mmol, 576.5 mg), 1,2-bis(diphenylphosphino)benzene (0.84 
mmol, 375.0 mg), and degassed acetone (6.0 mL) under an argon atmosphere, and the solution was 
stirred at room temperature for 1 h. The color of solution changed from yellow to orange. The 
reaction mixture was settled, and orange rhodium complex precipitated. Then supernatant layer was 
removed by syringe. The residue was washed with degassed acetone (4.0 mL) 5 times. Then, the 
residue was washed 5 times using degassed hexane. The residue was dried under vacuum for 1 h 
giving orange RhH(dppBz)2, which was stored under argon atmosphere. 
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Bis[1,2-bis(diphenylphosphino)benzene]hydriderhodium(Ⅰ): Orange solid. 1H-NMR (400 MHz, 
Benzene-d6) δ -9.39 (1H, td, J = 18.4, 12.0 Hz), 6.83 (28H, m), 6.96 (8H, t, J = 7.2 Hz), 7.32 (8H, 
m), 7.52 (4H, m). 31P-NMR (161 MHz, Benzene-d6) δ 57.6 (d, J = 141.4 Hz). MS (EI) m/z 996 (M+, 
5%). HRMS Calcd for C60H49P4Rh: 996.1840. Found: 996.1825. 
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2-fluorobenzothiazole (3a) 1H-NMR 

 
 
2-fluorobenzothiazole (3a) 13C-NMR 
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2-fluorobenzothiazole (3a) 19F-NMR 
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1-[(4-Chlorophenyl)thio]-4-[(4-cyanophenyl)oxy]-2,3,5,6-tetrafluorobenzene (4a) 1H-NMR 

 
 
1-[(4-Chlorophenyl)thio]-4-[(4-cyanophenyl)oxy]-2,3,5,6-tetrafluorobenzene (4a) 13C-NMR 
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1-[(4-Chlorophenyl)thio]-4-[(4-cyanophenyl)oxy]-2,3,5,6-tetrafluorobenzene (4a) 19F-NMR 
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2-Fluoro-6-methylbenzothiazole (3b) 1H-NMR 

 
2-Fluoro-6-methylbenzothiazole (3b) 13C-NMR 
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2-Fluoro-6-methylbenzothiazole (3b) 19F-NMR 
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2-Fluoro-6-(2-methylethyl)benzothiazole (3c) 1H-NMR 

 
 
2-Fluoro-6-(2-methylethyl)benzothiazole (3c) 13C-NMR 
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2-Fluoro-6-(2-methylethyl)benzothiazole (3c) 19F-NMR 
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2-Fluoro-5-methylbenzothiazole (3d) 1H-NMR  

 
 
2-Fluoro-5-methylbenzothiazole (3d) 13C-NMR 
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2-Fluoro-5-methylbenzothiazole (3d) 19F-NMR 
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2-fluoro-5,6-dimethoxybenzothiazole (3e) 1H-NMR 

 
 
2-fluoro-5,6-dimethoxybenzothiazole (3e) 13C-NMR 
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2-fluoro-5,6-dimethoxybenzothiazole (3e) 19F-NMR 
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2-Fluoro-4-phenyloxazole (3f) 1H-NMR 

 
 
2-Fluoro-4-phenyloxazole (3f) 13C-NMR 
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2-Fluoro-4-phenyloxazole (3f) 19F-NMR 
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2-Fluoro-4-(4-chlorophenyl)oxazole (3g) 1H-NMR 

 
 
2-Fluoro-4-(4-chlorophenyl)oxazole (3g) 13C-NMR 
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2-Fluoro-4-(4-chlorophenyl)oxazole (3g) 19F-NMR 
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2-Fluoro-4-(4-methoxyphenyl)oxazole (3h) 1H-NMR 

 
 
2-Fluoro-4-(4-methoxyphenyl)oxazole (3h) 13C-NMR 
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2-Fluoro-4-(4-methoxyphenyl)oxazole (3h) 19F-NMR 
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2-Fluoro-4,5-diphenyloxazole (3i) 1H-NMR 

 
 
2-Fluoro-4,5-diphenyloxazole (3i) 13C-NMR 
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2-Fluoro-4,5-diphenyloxazole (3i) 19F-NMR 
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2-Fluoro-4-phenylthiazole (3j) 1H-NMR 

 
 
2-Fluoro-4-phenylthiazole (3j) 13C-NMR 
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2-Fluoro-4-phenylthiazole (3j) 19F-NMR 
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1-(5-fluoro-2-furyl)ethanone (3k) 1H-NMR 

 
 
1-(5-fluoro-2-furyl)ethanone (3k) 13C-NMR   
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1-(5-fluoro-2-furyl)ethanone (3k) 19F-NMR 
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(5-Fluoro-2-thienyl)phenylmethanone (3l) 1H-NMR 

 
 
(5-Fluoro-2-thienyl)phenylmethanone (3l) 13C-NMR 
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(5-Fluoro-2-thienyl)phenylmethanone (3l) 19F-NMR 
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4-Fluoro-6,7-dimethoxyquinazoline (3m) 1H-NMR 

 
 
4-Fluoro-6,7-dimethoxyquinazoline (3m) 13C-NMR 
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4-Fluoro-6,7-dimethoxyquinazoline (3m) 19F-NMR 
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4-Fluoroquinazoline (3n) 1H-NMR 

 
 
4-Fluoroquinazoline (3n) 13C-NMR 
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4-Fluoroquinazoline (3n) 19F-NMR 
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2-Fluoroquinoxaline (3o) 1H-NMR 

 
 
2-Fluoroquinoxaline (3o) 13C-NMR 
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2-Fluoroquinoxaline (3o) 19F-NMR 
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3-Cyano-2-fluoroquinoline (3p) 1H-NMR 

 
 
3-Cyano-2-fluoroquinoline (3p) 13C-NMR 
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3-Cyano-2-fluoroquinoline (3p) 19F-NMR 
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2-Fluoro-4,6-diphenyltriazine (3q) 1H-NMR 

 
 
2-Fluoro-4,6-diphenyltriazine (3q) 13C-NMR 
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2-Fluoro-4,6-diphenyltriazine (3q) 19F-NMR 

 
  



S47  

2-fluoro-5-phenylpyrimidine (3r) 1H-NMR 

 
 
2-fluoro-5-phenylpyrimidine (3r) 13C-NMR 
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2-fluoro-5-phenylpyrimidine (3r) 19F-NMR 
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3-fluoro-6-phenylpyridazine (3s) 1H-NMR 

 
 
3-fluoro-6-phenylpyridazine (3s) 13C-NMR 
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3-fluoro-6-phenylpyridazine (3s) 19F-NMR 
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4-fluoro-3-(trifluoromethyl)benzonitrile (3t) 1H-NMR 

 
 
4-fluoro-3-(trifluoromethyl)benzonitrile (3t) 13C-NMR 
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4-fluoro-3-(trifluoromethyl)benzonitrile (3t) 19F-NMR 
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4-fluoro-2-(trifluoromethyl)benzonitrile (3u) 1H-NMR 

 
 
4-fluoro-2-(trifluoromethyl)benzonitrile (3u) 13C-NMR 
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4-fluoro-2-(trifluoromethyl)benzonitrile (3u) 19F-NMR 
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4-fluorobenzonitrile (5a) 1H-NMR 

 
 
4-fluorobenzonitrile (5a) 13C-NMR 
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4-fluorobenzonitrile (5a) 19F-NMR 
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(4-Fluorophenyl)phenylmethanone (5v) 1H-NMR 

 
 
(4-Fluorophenyl)phenylmethanone (5v) 13C-NMR 
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(4-Fluorophenyl)phenylmethanone (5v) 19F-NMR 

 
  



S59  

3-Chloro-4-fluorobenzonitrile (5w) 1H-NMR 

 
 
3-Chloro-4-fluorobenzonitrile (5w) 13C-NMR 
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3-Chloro-4-fluorobenzonitrile (5w) 19F-NMR 
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[2,3'(2'H)-bibenzothiazol]-2'-one (6) 1H-NMR 

 
 
[2,3'(2'H)-bibenzothiazol]-2'-one (6) 13C-NMR 
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RhH(dppBz)2 1H-NMR 

 
 
RhH(dppBz)2 31P-NMR 

 
 


