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Infrared spectra (IR) were taken on a JASCO FT/IR-4100typeA spectrometer as film on a NaCl plate. 
1H and 13C NMR spectra were measured with a JEOL JNM- AL 400 NMR spectrometer in a 

chloroform-d (CDCl3) solution with tetramethylsilane (Me4Si) as an internal reference. A JEOL 

JNM-EX90A (84.21 MHz) FT-NMR spectrometer and a JEOL JNM-AL 400 NMR spectrometer were 

used for determining the yield of the products with hexafluorobenzene (C6F6).  19F NMR (376.05 MHz) 

spectra was measured with a JEOL JNM-AL 400 NMR spectrometer in a chloroform-d (CDCl3) solution 

with trichlorofluoromethane (CFCl3) as an internal standard.  High-resolution mass spectra (HRMS) 

were taken on a Hitachi M-80B mass spectrometer by electron impact (EI), chemical ionization (CI), and 

fast atom bombardment (FAB) methods.

All chemicals were of reagent grade and, if necessary, were purified in the usual manner prior to use.

Thin-layer chromatography (TLC) was done on aluminium sheets coated with Merck silica gel 60 F254

plates, and column chromatography was carried out using Wacogel C-200 as adsorbent.

General procedure for the trimerization of fluoroalkylated alkynes

To a suspension of RhCl3·3H2O (13 mg, 0.05 mmoL) in toluene (1.0 mL) were added i-Pr2NEt (24 mg, 

0.15 mmoL) and fluoroalkylated alkynes (0.50 mmoL), and then the mixture was stirred at the reflux 

temperature for 18 h.  After being cooled to room temperature, the residue was purified by column 

chromatography on silica gel (EtOAc/Hexane) to afford the corresponding fluoroalkylated benzene 

derivatives.

3,5,6-Tris(4-chlorophenyl)-1,2,4-tris(trifluoromethyl)benzene (2a) and 

2,4,6-Tris(4-chlorophenyl)-1,3,5-tris(trifluoromethyl)benzene (3a)

CF3

CF3

CF3

Cl

Cl Cl

CF3

F3C CF3

Cl Cl

Cl2a

3a

Combined yield : 85% (19F NMR yield), 75% (isolated yield); Isomeric ratio (2a : 3a) = 84:16 

(inseparable); HRMS (FAB) calcd for (M+) C27H12ClF9: 611.9874, Found 611.9861; 1H NMR (CDCl3) 

6.87 ~ 7.43 (m, 12H); 2a : 19F NMR (CDCl3) -51.52 (q, J = 16.2 Hz, 3F), -50.27 (q, J = 16.2 Hz, 

3F), -48.36 (s, 3F); 3a : 19F NMR (CDCl3) = -46.76 (s, 9F).  
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1,2,4-Tris(trifluoromethyl)-3,5,6-triphenylbenzene (2b) and

1,3,5-Tris(trifluoromethyl)-2,4,6-triphenylbenzene (3b)

CF3
Ph

Ph
CF3

Ph

CF3

CF3
Ph

F3C
Ph

CF3

Ph

2b 3b

Combined yield : 69% (19F NMR yield), 65% (isolated yield); Isomeric ratio (2b : 3b) = 81:19 

(inseparable); HRMS (FAB) calcd for (M+) C27H15F9: 510.1042, Found 510.1030; 1H NMR (CDCl3) = 

6.95 ~ 7.46 (m, 15H); 2b : 19F NMR (CDCl3) = -51.48 (q, J = 16.2 Hz, 3F), -50.22 (q, J = 16.2 Hz, 3F), 

-48.42 (s, 3F); 3b : 19F NMR (CDCl3) = 46.85 (s, 9F).  

1,2,4-Tris(trifluoromethyl)-3,5,6-tris(4-methoxyphenyl)benzene (2c) and

1,3,5-Tris(trifluoromethyl)-2,4,6-tris(4-methoxyphenyl)benzene (3c)

CF3

CF3

CF3

MeO

MeO OMe

CF3

F3C CF3

MeO OMe

OMe
2c

3c

Combined yield : 92% (19F NMR yield), 90% (isolated yield); Isomeric ratio (2c : 3c) = 84:16 

(inseparable); HRMS (FAB) calcd for (M+) C30H21F9O3: 600.1337, Found 600.1347; 2c : 1H NMR 

(CDCl3) = 3.73 (s, 3H), 3.74 (s, 3H), 3.84 (s, 3H), 3.87 (s, 3H), 6.34 ~ 6.67 (m, 4H), 6.85 ~ 6.96 (m, 

8H); 19F NMR (CDCl3) = -51.63 (q, J = 16.3 Hz, 3F), -50.38 (q, J = 16.3 Hz, 3F), -48.64 (s, 3F); 3c : 1H 

NMR (CDCl3) = 3.73 (s, 3H), 3.74 (s, 3H), 3.84 (s, 3H), 3.87 (s, 3H), 7.18 ~ 7.28 (m, 12H); 19F NMR 

(CDCl3) = -47.05 (s, 9F).  
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3,5,6-Tris(4-ethoxycarbonylphenyl)-1,2,4-tris(trifluoromethyl)benzene (2d) and

2,4,6-Tris(4-ethoxycarbonylphenyl)-1,3,5-tris(trifluoromethyl)benzene (3d)

CF3

CF3

CF3

EtO2C

EtO2C CO2Et

CF3

F3C CF3

EtO2C CO2Et

CO2Et
2d

3d

Combined yield :  68% (19F NMR yield), 67% (isolated yield); Isomeric ratio (2d : 3d) = 84:16 

(inseparable); HRMS (FAB) calcd for (M+H) C36H28F9O6: 727.1732, Found 727.1742; 2d : 1H NMR 

(CDCl3) = 1.35 ~ 1.45 (m, 9H), 4.30 ~ 4.43 (m, 6H), 7.06 ~ 7.11 (m, 4H), 7.46 ~ 7.48 (m, 2H), 7.80 ~ 

7.83 (m, 4H), 8.12 ~ 8.14 (m, 2H); 19F NMR (CDCl3) = -51.43 (q, J = 16.2 Hz, 3F), -50.17 (q, J = 16.2 

Hz, 3F), -48.29 (s, 3F); 3d : 1H NMR (CDCl3) = 1.35 ~ 1.45 (m, 9H), 4.30 ~ 4.43 (m, 6H), 7.39 ~ 7.41 

(m, 6H), 8.07 ~ 8.09 (m, 6H); 19F NMR (CDCl3) = -46.70 (s, 9F).  

3,5,6-Tris(2-chlorophenyl)-1,2,4-tris(trifluoromethyl)benzene (2e) and

2,4,6-Tris(2-chlorophenyl)-1,3,5-tris(trifluoromethyl)benzene (3e)

CF3

CF3

CF3

Cl

Cl

Cl

2e

CF3

Cl

3e

Cl
CF3F3C

Cl

Combined yield :  49% (19F NMR yield), 40% (isolated yield); Isomeric ratio (2e : 3e) = 88:12 

(inseparable); HRMS (FAB) calcd for (M+) C27H12ClF9: 611.9867, Found 611.9861; 2e : (atropisomer 1) : 
1H NMR (CDCl3) = 7.05 ~ 7.50 (m, 12H); 19F NMR (CDCl3) = -53.04 (q, J = 17.5 Hz, 3F), -52.67 (s, 

3F), -52.28 (q, J = 17.5 Hz, 3F); IR (KBr) 2963, 1638, 1435, 1323, 1261, 1235, 1173, 1096, 1022, 802 

cm-1; (atropisomer 2) : 1H NMR (CDCl3) = 7.04 ~ 7.49 (m, 12H); 19F NMR (CDCl3) = -53.49 (q, J = 

17.1 Hz, 3F), -52.77 (s, 3F), -52.35 (q, J = 17.1 Hz, 3F); (atropisomer 3) : 1H NMR (CDCl3) = 7.04 ~ 

7.49 (m, 12H); 19F NMR (CDCl3) = -53.29 (q, J = 18.1 Hz, 3F), -52.80 (s, 3F), -52.24 (q, J = 18.1 Hz, 

3F); 3e : 1H NMR (CDCl3) = 7.04 ~ 7.49 (m, 12H); (atropisomer 1) : 19F NMR (CDCl3) = -51.29 (s, 

9F); (atropisomer 2) : 19F NMR (CDCl3) = -51.21 (s, 9F).  
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2,4,6-Tris(2-chlorophenyl)-1,3,5-tris(trifluoromethyl)benzene (2f) and 

2,4,6-Tris(2-chlorophenyl)-1,3,5-tris(trifluoromethyl)benzene (3f)

CF3

CF3

CF3

F3C

CF3

CF3

Cl

Cl

Cl

Cl

Cl

Cl

2f

3f

Combined yield : 93% (19F NMR yield), 80% (isolated yield); Isomeric ratio (2f : 3f) = 82:18 

(inseparable); HRMS (FAB) calcd for (M+) C27H12ClF9: 611.9853, Found 611.9861; 1H NMR (CDCl3) 

= 6.80 ~ 7.47 (m, 12H); 2f : 19F NMR (CDCl3) = -51.48 (q, J = 16.2 Hz, 3F), -50.26 (q, J = 16.2 Hz, 

3F), -48.41 (s, 3F); 3f : 19F NMR (CDCl3) = -46.80 (s, 9F).  

General procedure for [2+2+2] cyclization of fluoroalkylated alkynes and non-fluorinated alkynes

To a suspension of RhCl3·3H2O (13 mg, 0.05 mmoL) in toluene (0.5 mL) were added i-Pr2NEt (24 mg, 

0.15 mmoL) and fluoroalkylated alkynes (0.50 mmoL), diphenylacetylene (1.0 mmoL , 0.178 g), and then 

the mixture was stirred at the reflux temperature for 18 h.  After being cooled to room temperature, the 

residue was purified by column chromatography on silica gel (EtOAc/Hexane) to afford the 

corresponding fluoroalkylated benzene derivatives.

2-(4-Chlorophenyl)-1-trifluoromethyl-3,4,5,6-tetraphenylbenzene (5a)

Ph
Ph

CF3

Ph
Ph

Cl

Yield : 51% (19F NMR yield), 50% (isolated yield); m.p. 176~178 °C; HRMS (FAB) calcd for (M+) 

C37H24ClF3: 560.1514, Found 560.1519; 1H NMR (CDCl3) = 6.77 ~ 6.87 (m, 15H), 7.08 ~ 7.15 (m, 

9H); 13C NMR (CDCl3) = 125.66, 125.76, 125.87, 126.50, 126.56, 126.63, 126.78, 127.00 (q, J = 25.6 
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Hz), 127.06, 128.91 (q, J = 285.9 Hz), 130.04 (q, J = 1.7 Hz), 130.45, 130.79, 130.84, 131.42 (q, J = 1.6 

Hz), 137.79, 138.78, 138.84 (q, J = 1.6 Hz), 138.93, 139.05, 139.25, 140.33 (q, J = 1.6 Hz), 142.50, 

142.90, 144.51; 19F NMR (CDCl3) = -47.96 (s, 3F); IR (KBr) 1493, 1441, 1407, 1342, 1235, 1176, 1121, 

806, 745, 697, 564 cm-1.  

2,4-Bis(4-chlorophenyl)-1,3-bis(trifluoromethyl)-5,6-diphenylbenzene, 
2,3-Bis(4-chlorophenyl)-1,4-bis(trifluoromethyl)-5,6-diphenylbenzene, and

3,6-Bis(4-chlorophenyl)-1,2-bis(trifluoromethyl)-4,5-diphenylbenzene (6a)

F3C

Ph
Ph

CF3

Cl

Cl

Ph
Ph

F3C

CF3 CF3

Ph

CF3

Ph

Cl

Cl

Cl

Cl

6a (Isomer 1)

6a (Isomer 2 and 3)

Combined yield : 41% (19F NMR yield), Isomeric ratio = 38:15:47 (inseparable); HRMS (FAB) calcd for 

(M+) C32H18Cl2F6: 586.0690, Found 586.0690; 1H NMR (CDCl3) = 6.87 ~ 7.43 (m, 18H); (Isomer 1) : 
19F NMR (CDCl3) = -47.61 (s, 3F), -47.44 (s, 3F); (Isomer 2) : 19F NMR (CDCl3) = -50.33 (s, 6F); 

(Isomer 3) : 19F NMR (CDCl3) = -49.01 (s, 6F).  

1-Trifluoromethyl-2,3,4,5,6-pentaphenylbenzene (5b)

Ph
Ph

Ph
Ph

Ph

CF3

Yield : 47% (19F NMR yield), 32% (isolated yield); m.p. 275-277 °C; HRMS (FAB) calcd for (M+) 

C37H25F3: 526.1909, Found 526.1908; 1H NMR (CDCl3) = 6.78 ~ 6.85 (m, 16H), 7.08 ~ 7.17 (m, 9H);
13C NMR (CDCl3) = 125.16, 125.58, 125.66, 126.42, 126.53, 126.55, 126.58, 126.74, 127.15 (q, J = 

281.1 Hz), 130.13 (q, J = 1.7 Hz), 130.54, 130.93, 131.39, 139.11, 140.15 (q, J = 1.6 Hz), 140.59, 142.52;
19F NMR (CDCl3) = -48.05 (s, 3F); IR (KBr) 2962, 2925, 2371, 1735, 1442, 1261, 1097, 1029, 802, 741, 

697 cm-1.   
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1,3-Bis(trifluoromethyl)-2,4,5,6-tetraphenylbenzene and 

1,4-bis(trifluoromethyl)-2,3,5,6-tetraphenylbenzene, 
1,2-bis(trifluoromethyl)-3,4,5,6-tetraphenylbenzene (6b)

F3C
Ph

Ph
Ph

Ph

CF3 Ph
Ph

F3C
Ph

Ph

CF3 Ph
CF3

Ph
Ph

Ph

CF3

6b (Isomer 1)

6b (Isomer 2 and 3)

Combined yield : 36% (19F NMR yield); Isomeric ratio = 33:15:52 (inseparable); HRMS (FAB) calcd for 

(M+) C32H20F6: 518.1475, Found 518.1469; 1H NMR (CDCl3) = 6.95 ~ 7.46 (m, 20H); (Isomer 1) : 19F 

NMR (CDCl3) = -47.60 (s, 6F); (Isomer 2) : 19F NMR (CDCl3) = -50.36 (s, 6F); (Isomer 3) : 19F NMR 

(CDCl3) = -49.00 (s, 6F).  

1-Trifluoromethyl-2-(4-methoxyphenyl)-3,4,5,6-tetraphenylbenzene (5c)

Ph
Ph

Ph
Ph

CF3

OMe

Yield : 45% (19F NMR yield), 43% (isolated yield); m.p. 228~230 °C; HRMS (FAB) calcd for (M+) 

C38H27F3O: 556.2016, Found 556.2014; 1H NMR (CDCl3) = 6.65 ~ 6.67 (m, 2H), 6.76 ~ 6.85 (m, 15H), 

7.05 ~ 7.16 (m, 7H); 13C NMR (CDCl3) = 54.95, 124.4 (q, J = 277.7 Hz), 125.54, 125.62, 126.36, 

126.50, 126.55, 126.59, 126.73, 127.01 (q, J = 26.4 Hz), 130.08 (q, J = 1.6 Hz), 130.52, 130.88, 130.93, 

131.15, 131.16 (q, J = 1.7 Hz), 131.54, 139.15, 139.25, 139.39, 139.54, 140.00 (q, J = 1.7 Hz), 140.11 (q, 

J = 1.6 Hz), 142.36, 142.93, 144.27; 19F NMR (CDCl3) = -48.04 (s, 3F); IR (KBr) 1493, 1441, 1407, 

1342, 1235, 1176, 1121, 806, 745, 697, 564 cm-1.   
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1,3-Bis(trifluoromethyl)-2,4-bis(4-methoxyphenyl)-5,6-diphenylbenzene and 

1,4-Bis(trifluoromethyl)-2,3-bis(4-methoxyphenyl)-5,6-diphenylbenzene, 

1,2-Bis(trifluoromethyl)-3,6-bis(4-methoxyphenyl)-4,5-diphenylbenzene (6c)

F3C CF3

Ph
Ph

OMe

OMe

Ph
Ph

F3C

CF3

OMe

OMe

CF3

Ph

CF3

Ph

MeO

OMe

6c (Isomer 1)

6c (Isomer 2 and 3)

Combined yield : 37% (19F NMR yield); Isomeric ratio = 49:13:38 (inseparable); HRMS (FAB) calcd for 

(M+) C34H24F6O2: 578.1678, Found 578.1680; (Isomer 1) : 19F NMR (CDCl3) = -47.79 (s, 3F), -47.64 (s, 

3F); (Isomer 2) : 19F NMR (CDCl3) = -50.50 (s, 6F); (Isomer 3) : 19F NMR (CDCl3) = -49.05 (s, 6F).  

2-(4-ethoxycarbonylphenyl)-1-trifluoromethyl-3,4,5,6-tetraphenylbenzene (5d)

Ph
Ph

Ph
Ph

CF3

CO2Et

Combined yield : m.p. 228~230 °C; 45%; HRMS (FAB) calcd for (M+) C40H29F3O2: 598.2116, Found 

598.2120; 1H NMR (CDCl3) = 1.36 (t, J = 7.6 Hz, 3H), 4.31 (q, J = 7.2 Hz, 2H), 6.77 ~ 6.84 (m, 16H), 

7.10 ~ 7.14 (m, 4H), 7.25 ~ 7.26 (m, 2H), 7.81 ~ 7.83 (m, 2H); 13C NMR (CDCl3) = 14.23, 60.80, 

124.22 (q, J = 276.9 Hz), 125.66, 125.76, 125.90, 126.39, 126.51, 126.61, 126.73, 126.77, 128.08, 128.46, 

130.05 (q, J = 1.7 Hz), 130.17 (q, J = 1.6 Hz), 130.44, 130.77, 130.82, 131.36, 138.59, 138.94, 139.04 (q, 

J = 1.7 Hz), 139.17, 140.34 (q, J = 1.7 Hz), 142.12, 142.99, 144.27, 144.53, 166.44; 19F NMR (CDCl3) 

= -48.00 (s, 3F); IR (KBr) 3057, 2962, 2371, 1719, 1610, 1497, 1442, 1343, 1273, 1175, 1123, 1023 
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cm-1. 

2,4-Bis(4-ethoxycarbonylphenyl)-1,3-bis(trifluoromethyl)-5,6-diphenylbenzene, 
2,4-Bis(4-ethoxycarbonylphenyl)-1,3-bis(trifluoromethyl)-5,6-diphenylbenzene, and 
2,4-Bis(4-ethoxycarbonylphenyl)-1,3-bis(trifluoromethyl)-5,6-diphenylbenzene (6d)

Ph

Ph
Ph

CF3

CO2Et

CO2Et

Ph
Ph

F3C

CF3

CO2Et

CO2Et

CF3

Ph
Ph

CF3

CO2Et

EtO2C

6d (Isomer 1)

6d (Isomer 2 and 3)

Combined yield : 32%; Isomeric ratio = 37:16:47; HRMS (FAB) calcd for (M+H) C38H29F6O4: 663.1967, 

Found 663.1970; (Isomer 1) : 19F NMR (CDCl3) = -47.57 (s, 3F), -47.37 (s, 3F); (Isomer 2) : 19F NMR 

(CDCl3) = -50.24 (s, 6F); (Isomer 3) : 19F NMR (CDCl3) = -48.97 (s, 6F).  

2-(Decyl)-1-trifluoromethyl-3,4,5,6-tetraphenylbenzene (5g)

Ph
CF3Ph

Ph
Ph

n-C10H21

Yield : 41% (19F NMR yield), 33% (isolated yield); m.p. 106~108 °C; HRMS (FAB) calcd for (M+) 

C41H41F3: 590.3157, Found 590.3160; 1H NMR (CDCl3) = 0.88 (t, J = 7.0 Hz, 3H), 1.03 ~ 1.47 (m, 

16H), 2.68 ~ 2.75 (m, 2H), 6.66 ~ 6.81 (m, 9H), 7.04 ~ 7.17 (m, 11H); 13C NMR (CDCl3) = 14.10, 

22.67, 28.77, 29.28, 29.31, 29.49, 29.92, 31.29 (q, J = 1.5 Hz), 31.79 (q, J = 2.8 Hz), 31.89, 125.45, 

126.25 (q, J = 23.5 Hz), 126.41, 126.41 (q, J = 275.9 Hz), 126.47, 126.69, 127.28, 129.87 (q, J = 1.8 Hz), 

130.02, 130.38, 130.42, 130.56, 131.01, 131,23, 131.50, 139.31, 139.55, 140.24 (q, J = 1.4 Hz), 140.33 (q, 

J = 1.5 Hz), 140.68, 143.06, 144.61; 19F NMR (CDCl3) = -49.77 (s, 3F); IR (KBr) 2371, 1654, 1542, 
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1509, 1117 cm-1.  

2,6-Didodecyl-1,3-bis(trifluoromethyl)-4,5-diphenylbenzene, 
5,6-didodecyl-1,4-bis(trifluoromethyl)-2,3-diphenylbenzene, and
3,6-didodecyl-1,2-bis(trifluoromethyl)-3,4-diphenylbenzene (6g)

n-C10H21
CF3F3C

Ph
Ph

n-C10H21

Ph
CF3Ph

F3C
n-C10H21

n-C10H21

CF3
CF3n-C10H21

Ph
Ph

n-C10H21

6g (Isomer 1)

6g (Isomer 2 and 3)

Combined yield : 32% (19F NMR yield); Isomeric ratio = 31:13:56 (inseparable); 19F NMR (CDCl3) = 

-51.11 (s, 3F), -49.05 (s, 3F); (Isomer 2) : 19F NMR (CDCl3) = -52.49 (s, 3F); (Isomer 3) : 19F NMR 

(CDCl3) = -50.44 (s, 3F).

Diethyl (1-trifluoromethyl-2,3,4,5-tetraphenyl)phenylphosphonate (5i)

Ph
CF3Ph

Ph
Ph

P(O)(OEt)2

Yield : 16% (19F NMR yield); HRMS (FAB) calcd for (M+H) C35H31F3O3P: 587.1965, Found 587.1963; 
1H NMR (CDCl3) = 1.17 (t, J = 6.8 Hz, 6H), 3.54 ~ 3.61 (m, 2H), 3.88 ~ 3.96 (m, 2H), 6.54 ~ 6.85 (m, 

4H), 6.79 ~ 6.85 (m, 6H), 7.02 ~ 7.14 (m, 10H); 13C NMR (CDCl3) = 16.02, 16.09, 61.90, 61.97, 125.75, 

125.80, 126.49 (q, J = 271.9 Hz), 126.71, 126.74, 126.82, 126.87, 126.93, 130.52, 130.75, 131.34, 138.41, 

138.52, 140.06, 140.11, 141.61, 141.72, 144.54, 144.68, 145.83, 145.87, 146.34, 146.42; 19F NMR 

(CDCl3) = -49.09 (s, 3F); 31P NMR (CDCl3)= -109.30; IR (KBr) 2985, 2371, 1637, 1492, 1443, 1393, 

1334, 1254, 1227, 1161, 1130, 1058, 1021, 966, 872 cm-1.  
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6-(4-Chlorophenyl)-1-trifluoromethyl-2,3,4,5-tetramethoxycarbonylbenzene (5j)

MeO2C
CF3MeO2C

MeO2C
MeO2C

Cl

Yield : 17% (19F NMR yield), 11% (isolated yield); HRMS (FAB) calcd for (M+) C21H16F3ClO8: 

488.0482, Found 488.0486; 1H NMR (CDCl3) = 3.50 (s, 3H), 3.87 (s, 3H), 3.90 (s, 3H), 3.94 (s, 3H), 

7.17 (d, J = 8.4 Hz, 2H), 7.37 (d, J = 8.8 Hz, 2H); 13C NMR (CDCl3) = 52.74, 53.52, 122.09 (q, J = 

276.0 Hz), 127.76, 129.14 (q, J = 30.6 Hz), 130.81, 131.62, 132.41, 133.05, 133.86, 133.88, 135.19, 

137.62, 141.30, 141.31, 164.93, 165.19, 165.52, 165.81; 19F NMR (CDCl3) = -53.88 (s, 3F); IR (KBr) 

2345, 1736, 1638, 1442, 1257, 1227 cm-1. 

2,6-Bis(4-chlorophenyl)-1,3-bis(trifluoromethyl)-4,5-dimethoxycarbonylbenzene, 
5,6-Bis(4-chlorophenyl)-1,4-bis(trifluoromethyl)-2,3-dimethoxycarbonylbenzene, and

3,6-Bis(4-chlorophenyl)-1,2-bis(trifluoromethyl)-4,5-dimethoxycarbonylbenzene (6j)

CF3F3C

MeO2C
MeO2C

CO2Me
CF3MeO2C

F3C

CF3
CF3

MeO2C
MeO2C

6j (Isomer 1)

6j (Isomer 2 and 3)

Cl

Cl Cl

Cl

Cl

Cl

Combined yield : 17% (19F NMR yield); Isomeric ratio = 35:24:41 (inseparable); HRMS (FAB) calcd for 

(M+) C24H14F6Cl2O4: 550.0176, Found 550.0173; 1H NMR (CDCl3) = 1.25 ~ 1.39 (m, 4H), 3.49 ~ 3.96 

(m, 6H), 5.72 ~ 7.43 (m, 18H); (Isomer 1) : 19F NMR (CDCl3) = -52.67 (s, 3F), -48.46 (s, 3F); (Isomer 
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2) : 19F NMR (CDCl3) = -53.88 (s, 3F); (Isomer 3) : 19F NMR (CDCl3) = -50.84 (s, 3F).  

2-(4-Chlorophenyl)-1-trifluoromethyl-3,4,5,6-tetrapropylbenzene (5l)

n-Pr
CF3n-Pr

n-Pr
n-Pr

Cl

Yield : 21% (19F NMR yield), 11% (isolated yield); HRMS (FAB) calcd for (M+) C25H32ClF3: 424.2149, 

Found 424.2145; 1H NMR (CDCl3) = 1.06 (t, J = 7.6 Hz, 12H), 1.50 ~ 1.60 (m, 10H), 2.46 ~ 2.50 (m, 

6H), 7.09 (d, J = 8.8 Hz, 2H), 7.33 (d, J = 8.4 Hz, 2H); 19F NMR (CDCl3) = -49.41 (s, 3F).  

2,6-Bis(4-chlorophenyl)-1,3-trifluoromethyl-4,5-dipropylbenzene, 
2,3-Bis(4-chlorophenyl)-1,4-trifluoromethyl-5,6-dipropylbenzene, and 

3,6-Bis(4-chlorophenyl)-1,2-trifluoromethyl-4,5-dipropylbenzene (6l)

CF3F3C

n-Pr
n-Pr

n-Pr
CF3n-Pr

F3C

CF3
CF3

n-Pr
n-Pr

6l (Isomer 1)

6l (Isomer 2 and 3)

Cl

Cl Cl

Cl

Cl

Cl

Combined yield : 69% (19F NMR yield); 19F NMR (CDCl3) = -49.18 (s, 3F), -47.25 (s, 3F); (Isomer 2) : 
19F NMR (CDCl3) = -50.56 (s, 3F); (Isomer 3) : 19F NMR (CDCl3) = -50.44 (s, 3F).

General procedure for [2+2+2] cycloaddition of fluoroalkylated alkynes and non-fluorinated diynes

To a suspension of RhCl3·3H2O (13 mg, 0.05 mmoL) in toluene (0.5 mL) were added i-Pr2NEt (24 mg, 

0.15 mmoL) and fluoroalkylated alkynes (0.50 mmoL), non-fluorinated diynes (0.5 mmoL).  The 



PRIVILEGED DOCUMENT FOR REVIEW PURPOSES ONLY

mixture was stirred at the reflux temperature for 18 h.  After being cooled to room temperature, the 

residue was purified by column chromatography on silica gel (EtOAc/Hexane) to afford the 
corresponding fluoroalkylated benzene derivatives.

7-Trifluoromethyl-8-(4-chlorophenyl)-1,2,3,4-tetrahydronaphthalene (7a)

F3C

Cl

Yield : 15% (19F NMR yield); 1H NMR (CDCl3) = 1.78 ~ 1.86 (m, 4H), 2.80 ~ 2.84 (m, 4H), 6.98 (s, 

1H), 7.22 ~ 7.25 (m, 2H), 7.33 ~ 7.37 (m, 2H), 7.43 (s, 1H); 19F NMR (CDCl3) = -57.03 (s, 3F).

Diethyl 6-(4-chlorophenyl)-5-trifluoromethyl-1H-indene-2,2(3H)-dicarboxylate (8a)

CO2Et
CO2Et

F3C

Cl

Yield : 20% (19F NMR yield); HRMS (FAB) calcd for (M+H) C22H21F3ClO4: 441.1080, Found 440.1071; 
1H NMR (CDCl3) = 1.30 (t, J = 7.2 Hz, 6H), 3.65 (s, 2H), 3.69 (s, 2H), 4.25 (q, J = 6.8 Hz, 4H), 7.13 (s, 

1H), 7.24 (d, J = 8.4 Hz, 2H), 7.37 (d, J = 8.4 Hz, 2H), 7.58 (s, 1H); 13C NMR (CDCl3) = 13.97, 40.08, 

40.26, 60.30, 61.98, 121,96 (q, J = 5.8 Hz), 124.10 (q, J = 273.6 Hz), 127.37 (q, J = 30.6 Hz), 127.67, 

127.87; 19F NMR (CDCl3) = -57.02 (s, 3F); IR (KBr) 3467, 2982, 2318, 1906, 1732, 1597, 1485, 1297, 

1135, 911 cm-1.  

7-(4-Chlorophenyl)-6-trifluoromethyl-2-p-toluenesulfonylisoindoline (9a)

NTs
F3C

Cl

Yield : 21% (19F NMR yield); m.p. 192~193 °C; HRMS (FAB) calcd for (M+H) C22H18ClF3NO2S: 

452.0696, Found 452.0699; 1H NMR (CDCl3) = 2.42 (s, 3H), 4.67 (s, 2H), 4.69 (s, 2H), 7.10 (s, 1H), 
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7.17 (d, J = 8.4 Hz, 2H), 7.33 ~ 7.36 (m, 4H), 7.55 (s, 1H), 7.79 (d, J = 8.4 Hz, 2H); 13C NMR (CDCl3) 

= 21.78, 53.64, 53.73, 120.94 (q, J = 5.7 Hz), 124.19 (q, J = 273.6 Hz), 126.50, 127.87, 128.34, 130.24, 

130.49, 130.50, 133.65, 133.34, 136.32, 137.78, 140.21, 140.43, 144.32; 19F NMR (CDCl3) = -57.26 (s, 

3F); IR (KBr) 3449, 2370, 1638, 1342, 1158, 1102 cm-1.  

General procedure for the synthesis of fluoroalkylated diynes

To stirred and cooled (0 °C) solution of -fluoroalkylated propargyl alcohol (1.0 mmoL), propargyl 

bromide (0.179 g, 1.5 mmoL), and tetrabutylammonium iodide (0.018 g, 0.05 mmoL) in CH2Cl2 (2 mL) 

was added slowly a solution of NaOH (0.006 g, 1.5 mmoL) in water (1 mL).  The cooling bath was 

removed and the mixture was vigorously stirred at room temperature until completion of the reaction (5 

d).  The organic layer was extracted with CH2Cl2, and the combined CH2Cl2 extracts were washed with 

brine, dried (Na2SO4) and filtered.  The filtrate was concentrated under reduced pressure and the residue 

was purified by column chromatography on silica gel (EtOAc/Hexane) to afford the corresponding 

fluoroalkylated diynes.  

4,4,4-Trifluoro-1-methyl-1-phenyl-2-butyn-1-yl 2-propyn-1-yl ether (10A)

F3C
O

Ph
Me

Yield : 80% (19F NMR yield), 64% (isolated yield); HRMS (EI) calcd for (M-CH3) C13H8F3O: 237.0521, 

Found 237.0527; 1H NMR (CDCl3) = 1.83 (s, 3H), 2.45 (t, J = 2.4 Hz, 1H), 3.86 (dd, J = 2.4, 15.2 Hz, 

1H), 4.16 (dd, J = 2.4, 14.4 Hz, 1H), 7.37 ~ 7.44 (m, 3H), 7.53 ~ 7.55 (m, 2H); 13C NMR (CDCl3) = 

31.98, 31.99, 53.84, 74.46, 76.30, 79.26, 86.58 (q, J = 5.8 Hz), 114.03 (q, J = 257.9 Hz), 125.55, 128.84, 

128.87, 139.54; 19F NMR (CDCl3) = -50.82 (s, 3F); IR (neat) 3312, 2963, 2271, 1703, 1492, 1448, 1375, 

1279, 1149, 1096, 1046, 804, 765, 700, 501 cm-1.  

4,4,4-Trifluoro-1,1-diphenyl-2-butyn-1-yl 2-propyn-1-yl ether (10B)

F3C
O

Ph
Ph

Yield : 40% (19F NMR yield), 21% (isolated yield); m.p. 31~32 °C; HRMS (FAB) calcd for (M+) 
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C19H13F3O: 314.0912, Found 314.0918; 1H NMR (CDCl3) = 2.46 (t, J = 2.4 Hz, 1H), 4.16 (d, J = 2.4 

Hz, 2H), 7.31 ~ 7.39 (m, 6H), 7.47 ~ 7.50 (m, 4H); 13C NMR (CDCl3) = 53.91, 74.59, 76.45, 79.15, 

80.27 (q, J = 1.7 Hz), 85.96 (q, J = 5.8 Hz), 114.08 (q, J = 257.8 Hz), 126.59, 128.60, 128.66, 140.40; 19F 

NMR (CDCl3) = -50.83 (s, 3F); IR (neat) 3300, 3063, 3031, 2925, 2867, 2258, 1957, 1726, 159, 1492, 

1450, 1375, 1270, 1216, 1146, 1063, 826 cm-1.   

4,4-Difluoro-1-methyl-1-phenyl-2-butyn-1-yl 2-propyn-1-yl ether (10C)

F2HC
O

Ph
Me

Yield : 68% (19F NMR yield), 50% (isolated yield); HRMS (EI) calcd for (M+) C14H12F2O: 234.0863, 

Found 234.0856; 1H NMR (CDCl3) = 1.70 (s, 3H), 2.32 (t, J = 2.4 Hz, 1H), 3.73 (dd, J = 2.4, 14.4 Hz, 

1H), 4.08 (dd, J = 2.4, 14.8 Hz, 1H), 6.24 (t, J = 54.4 Hz, 1H), 7.23 ~ 7.31 (m, 3H), 7.45 ~ 7.47 (m, 2H); 
13C NMR (CDCl3) = 32.06 (t, J = 1.6 Hz), 53.51, 74.18, 76.31 (t, J = 1.6 Hz), 79.15 (t, J = 33.9 Hz), 

79.52, 88.09 (t, J = 7.4 Hz), 103.50 (t, J = 232.2 Hz), 125.58, 128.52, 128.64, 140.13 (t, J = 1.6 Hz); 19F 

NMR (CDCl3) = -106.68 (d, J = 53.8 Hz, 2F); IR (neat) 3306, 3064, 3030, 2993, 2934, 2866, 2260, 

2131, 1602, 1494, 1447, 1191, 1117, 1013 cm-1.   

1-(3,3,3-Trifluoropropynyl)-1-prop-2-ynyloxy-cyclohexane (10D)

F3C
O

Yield : 70% (19F NMR yield), 15% (isolated yield); 1H NMR (CDCl3)  1.25 ~ 1.34 (m, 1H), 1.44 ~ 1.55 

(m, 3H), 1.68 ~ 1.74 (m, 4H), 1.95 ~ 1.98 (m, 2H), 2.45 (t, J = 2.4 Hz, 2H), 4.26 (d, J = 2.4 Hz, 2H); 13C 

NMR (CDCl3)  22.30, 24.84, 24.85, 36.19, 52.20, 52.22, 73.55 (q, J = 2.5 Hz), 74.07 (q, J = 2.5 Hz), 

74.24, 79.93, 87.91 (q, J = 6.6 Hz), 114.02 (q, J = 257.1 Hz); 19F NMR (CDCl3)  -50.55 (s, 3F); IR 

(neat) 3314, 2942, 2864, 2267, 1451, 1362, 1298, 1266, 1217, 1145, 1081, 1027, 938, 906, 861, 813 cm-1.   

4,4,4-Trifluoro-1-methyl-1-phenyl-2-butyn-1-yl 2-butyn-1-yl ether (10E)

F3C
O

Ph
Me

Me
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Yield : 48% (19F NMR yield) (This compound could not be given in a pure form.  A small amount of 

unidentified materials was contaminated.); HRMS (CI) calcd for (M+H) C15H14F3O: 267.0993, Found 

267.0997; 1H NMR (CDCl3) = 1.82 (s, 3H), 1.85 (t, J = 2.4 Hz, 3H), 3.81 (dd, J = 2.4, 14.4 Hz, 1H), 

4.12 (dd, J = 2.0, 14.2 Hz, 1H), 7.33 ~ 7.43 (m, 3H), 7.52 ~ 7.54 (m, 2H); 19F NMR (CDCl3) = -50.71 (s, 

3F).  

4,4,4-Trifluoro-1-hexyl-2-butyn-1-yl 2-propyn-1-yl ether (10F)

F3C
O

n-C6H13

Yield : 57% (19F NMR yield) (This compound could not be given in a pure form.  A small amount of 

unidentified materials was contaminated.); HRMS (EI) calcd for (M+) C13H17F3O: 246.1228, Found 

246.1231; 1H NMR (CDCl3) = 1.27 ~ 1.36 (m, 7H), 1.43 ~ 1.50 (m, 3H), 1.73 ~ 1.85 (m, 3H), 2.46 (t, J
= 2.5 Hz, 1H), 4.22 (dd, J = 2.5, 15.8 Hz, 1H), 4.33 (dd, J = 2.5, 15.8 Hz, 1H), 4.38 ~ 4.42 (m, 1H); 19F 

NMR (CDCl3) = -50.80 (s, 3F).  

General procedure for fluoroalkylated 1,3-dihydroisobenzofuran derivatives

To a suspension of RhCl3·3H2O (8 mg, 0.03 mmoL) were added i-Pr2NEt (14 mg, 0.09 mmoL) and 

fluoroalkylated diynes (0.30 mmoL), diphenylacetylene (0.530 g, 3.0 mmoL). The mixture was stirred at 

130 °C (bath temp.) for 2 h. After being cooled to room temperature, the residue was purified by column 

chromatography on silica gel to afford corresponding fluoroalkylated 1,3-dihydroisobenzofuran 

derivatives.

5-Trifluoromethyl-3-methyl-3,6,7-triphenyl-1,3-dihydroisobenzofuran (13a)

O
Ph

Ph

CF3 Ph Me

Yield : 73% (19F NMR yield), 68% (isolated yield); m.p. 165-166 °C; HRMS (FAB) calcd for (M+Na) 

C28H21F3NaO: 453.1449, Found 453.1442; 1H NMR (CDCl3) = 2.13 (s, 3H), 5.11 (d, J = 12.8 Hz, 1H), 

5.16 (d, J = 12.4 Hz, 1H), 6.99 ~ 7.01 (m, 3H), 7.03 ~ 7.17 (m, 7H), 7.33 ~ 7.35 (m, 5H), 7.46 (s, 1H); 
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13C NMR (CDCl3) = 24.62 (q, J = 4.1 Hz), 69.91, 91.27, 123.78 (q, J = 276.9 Hz), 124.73 (q, J = 29.7 

Hz), 125.72, 126.07, 126.67, 126.94, 127.50, 127.52, 128.04, 129.56, 130.51 (q, J = 1.7 Hz), 130.63 (q, J
= 1.6 Hz), 137.91, 140.15 (q, J = 2.4 Hz), 140.41, 141.61, 142.89 (q, J = 2.2 Hz), 143.87 (q, J = 1.6 Hz), 

144.06; 19F NMR (CDCl3) = -49.94 (s, 3F); IR (KBr) 2963, 2345, 1654, 1261, 1095 cm-1.   

5-Trifluoromethyl-3-methyl-3-phenyl-6,7-propyl-1,3-dihydroisobenzofuran (13b)

CF3

O

Ph Me
n-Pr

n-Pr

Yield : 49% (19F NMR yield), 31% (isolated yield); HRMS (FAB) calcd for (M-H) C26H24F3O9: 361.1773, 

Found 361.1777; 1H NMR (CDCl3) = 0.97 (q, J = 8.8 Hz, 6H), 1.43 ~ 1.48 (m, 2H), 1.56 ~ 1.66 (m, 

2H), 1.93 (s, 3H), 2.61 (q, J = 7.6 Hz, 4H), 4.92 (d, J = 12.0 Hz, 1H), 4.96 (d, J = 12.0 Hz, 1H), 7.12 ~ 

7.23 (m, 6H); 13C NMR (CDCl3) = 14.37, 14.73, 24.49, 24.65 (q, J = 7.4 Hz), 24.94 (q, J = 1.7 Hz), 

32.07 (q, J = 2.4 Hz), 34.56, 70.06, 91.42, 125.10, 125.80, 127.25, 127.43 (q, J = 276.1 Hz), 127.98, 

139.64, 140.02 (q, J = 2.5 Hz), 141.41 (q, J = 1.7 Hz), 143.14, 144.54 (q, J = 1.6 Hz); 19F NMR (CDCl3) 

= -52.35 (s, 3F); IR (neat) 2962, 2873, 1730, 1447, 1358, 1311, 1179 , 1151, 1114 cm-1.   

7-(4,4,4-Trifluoro-1-methyl-1-phenyl)but-2-ynyl-5-Trifluoromethyl-3-methyl-3-ph-enyl-1,3-dihydroi

sobenzofuran (15a)

CF3Ph Me
H

O

Ph Me
CF3

Yields are shown in Table 5.  HRMS (FAB) calcd for (M+) C28H22F6O2: 504.1528, Found 504.1524; 1H 

NMR (CDCl3) = 1.91 (s, 3H), 2.01 (s, 3H), 4.32 (d, J = 11.2 Hz, 1H), 4.63 (d, J = 11.6 Hz, 1H), 5.07 (d, 

J = 12.8 Hz, 1H), 5.12 (d, J = 12.8 Hz, 1H), 7.21 ~ 7.31 (m, 5H), 7.38 ~ 7.49 (m, 5H), 7.59 ~ 7.61 (m, 

2H); 19F NMR (CDCl3) = -58.18 (s, 3F), -50.63 (s, 3F); IR (neat) 3062, 3032, 2989, 2961, 2936, 2855 , 

2270, 1729, 1602, 1495, 1349, 1323, 1278, 1194, 1144, 1076 cm-1.   
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6-(4,4,4-Trifluoro-1-methyl-1-phenyl)but-2-ynyl-5-Trifluoromethyl-3-methyl-3-ph-enyl-1,3-dihydroi
sobenzofuran (15b)

H

O

Ph Me
CF3

CF3Ph Me

Yields are shown in Table 5.  HRMS (FAB) calcd for (M+) C28H22F6O2: 504.1522, Found 504.1524; 1H 

NMR (CDCl3) = 1.88 (d, J = 1.6 Hz, 3H), 2.01 (d, J = 4.8 Hz, 3H), 4.41 (t, J = 11.2 Hz, 1H), 4.74 (t, J = 

11.2 Hz, 1H), 5.07 (d, J = 6.0 Hz, 2H), 7.18 ~ 7.59 (m, 11H), 7.75 (t, J = 8.4 Hz, 1H); 19F NMR (CDCl3) 

= -53.32 (d, J = 19.6 Hz, 3F), -50.79 (d, J = 12.4 Hz, 3F); IR (neat) 3031, 2932, 2853, 2270, 1727, 1592, 

1495, 1448, 1375, 1353, 1302, 1277, 1222, 1148, 1079 cm-1.   

5-Trifluoromethyl-3-methyl-6,7-bis(trimethylsilyl)-3-phenyl-1,3-dihydroisobenzofuran (13c)

CF3

O

Ph Me
TMS

TMS

This compound could not be given in a pure form.  

Yield : 10% (19F NMR yield); HRMS (FAB) calcd for (M+Na) C22H29F3NaOSi2: 445.1606, Found 

445.1607; 1H NMR (CDCl3) = 0.08 (s, 9H), 0.38 (s, 9H), 0.43 (s, 9H), 2.07 (s, 3H), 4.94 (d, J = 12.4 Hz, 

1H), 5.01 (d, J = 12.8 Hz, 1H), 7.15 ~ 7.55 (m, 7H), 7.72 (s, 1H); 19F NMR (CDCl3) = -50.20 (s, 3F).  

5-Trifluoromethyl-6,7-dimethoxycarbonyl-3-methyl-3-phenyl-1,3-dihydroisobenzofuran (13d)

O
MeO2C

MeO2C

CF3 Ph Me

Yield : 47% (19F NMR yield), 35% (isolated yield); HRMS (FAB) calcd for (M+H) C20H18F3O5: 395.1101, 

Found 395.1106; 1H NMR (CDCl3) = 2.04 (s, 3H), 3.94 (s, 6H), 5.06 (d, J = 13.2 Hz, 1H), 5.12 (d, J = 

13.2 Hz, 1H), 7.16 ~ 7.19 (m, 2H), 7.26 ~ 7.32 (m, 3H), 8.11 (s, 1H); 13C NMR (CDCl3) = 24.07 (q, J = 

3.2 Hz), 53.00, 53.13, 69.49, 90.94, 122.57 (q, J = 276.1 Hz), 123,78 (q, J = 33.0 Hz), 126.17, 126.34, 

127.99, 128,12, 129.73, 134.36 (q, J = 2.5 Hz), 142.30 (q, J = 1.6 Hz), 144.21, 148.49 (q, J = 1.6 Hz), 

164.74, 167.36; 19F NMR (CDCl3) = -54.26 (s, 3F); IR (neat) 2954, 2849, 1739, 1610, 1570, 1496, 1436, 
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1362, 1323, 1238, 1180, 1144, 1055, 1010, 972 cm-1.   

4,4,4-Trifluoro-1-methyl-1-phenylbut-2-ynyl 2,3,4,5-tetramethoxycarbonylbenzyl ether (16)

F3C
O

Ph
Me

MeO2C CO2Me

MeO2C CO2Me

Yield : 41% (19F NMR yield); HRMS (FAB) calcd for (M+H) C26H24F3O9: 537.1364, Found 537.1372; 
1H NMR (CDCl3) = 1.84 (s, 3H), 3.81 (s, 3H), 3.85 (s, 3H), 3.92 (s, 3H), 3.93 (s, 3H), 4.32 (d, J = 12.8 

Hz, 1H), 4.70 (d, J = 12.4 Hz, 1H), 7.34 ~ 7.43 (m, 3H), 7.50 ~ 7.52 (m, 2H), 8.14 (s, 1H); 13C NMR 

(CDCl3) = 23.16, 31.68, 52.74, 52.97, 52.99, 53.13, 64.37, 75.25 (q, J = 52.9 Hz), 76.38, 86.78 (q, J = 

5.7 Hz), 113.99 (q, J = 257.9 Hz), 128.38, 128.85, 130.34, 130.41, 132.29, 134.46, 135.56, 138.08, 

139.62, 164.93, 165.65, 166.59, 167.26; 19F NMR (CDCl3) = -50.71 (s, 3F); IR (neat) 2954, 2270, 1738, 

1600, 1442, 1372, 1334, 1278, 1149, 1112, 1025, 998 cm-1.   

5-Trifluoromethyl-3-methyl-3,7-diphenyl-1,3-dihydroisobenzofuran (13e) and 

5-Trifluoromethyl-3-methyl-3,6-diphenyl-1,3-dihydroisobenzofuran (14e)

CF3

O

Ph Me
H

Ph

CF3

O

Ph Me
Ph

H
13e 14e

Combined yield : 99% (19F NMR yield), 86% (isolated yield); Isomeric ratio (13e : 14e) = 71 : 29 

(inseparable); 13e : HRMS (FAB) calcd for (M+) C22H17F3O: 354.1230, Found 354.1231; 1H NMR 

(CDCl3) = 2.06 (s, 3H), 5.13 (d, J = 12.8 Hz, 1H), 5.18 (d, J = 12.8 Hz, 1H), 7.27 ~ 7.51 (m, 8H), 7.61 

~ 7.63 (m, 2H), 7.67 (s, 1H), 7.78 (s, 1H); 13C NMR (CDCl3) = 24.62 (q, J = 4.1 Hz), 70.30, 89.78, 

123.13, 124.86 (q, J = 245.5 Hz), 124.87 (q, J = 5.0 Hz), 125.62 (q, J = 32.2 Hz), 126.45, 127.16, 127.69, 

127.93, 128.17, 129.04, 139.26, 141.91, 141.94, 143.47, 143.53; 19F NMR (CDCl3) = -58.11 (s, 3F); 

14e : HRMS (FAB) calcd for (M+) C22H17F3O: 354.1230, Found 354.1231; 1H NMR (CDCl3) = 2.11 (s, 

3H), 5.08 (d, J = 12.8 Hz, 1H), 5.14 (d, J = 13.2 Hz, 1H), 7.26 ~ 7.79 (m, 12H); 19F NMR (CDCl3) = 
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-50.21 (s, 3F). 

5-Trifluoromethyl-3-methyl-3-phenyl-7-decyl-1,3-dihydroisobenzofuran (13f) and 

5-Trifluoromethyl-3-methyl-3-phenyl-6-decyl-1,3-dihydroisobenzofuran (14f)

CF3

O

Ph Me
H

n-C10H21

CF3

O

Ph Me
n-C10H21

H

13f 14f

Combined yield : 87% (19F NMR yield), 80% (isolated yield); Isomeric ratio (13f : 14f) = 79 : 21 

(inseparable); 13f : HRMS (FAB) calcd for (M+Na) C26H33F3ONa: 441.2378, Found 441.2381; 1H NMR 

(CDCl3) = 0.89 (t, J = 7.6 Hz, 4H), 1.27 ~ 1.34 (m, 13H), 1.62 ~ 1.67 (m, 2H), 2.01 (s, 3H), 2.69 (t, J = 

8.4 Hz, 2H), 5.03 (d, J = 12.0 Hz, 1H), 5.09 (d, J = 12.4 Hz, 1H), 7.21 ~ 7.31 (m, 6H), 7.36 (s, 1H); 13C 

NMR (CDCl3) = 14.07, 22.66, 24.66 (q, J = 3.3 Hz), 29.30, 29.42, 29.52, 29.58, 31.29, 31.88, 35.50, 

70.22, 89.66, 123.77 (q, J = 273.6 Hz), 124.47, 124.93 (q, J = 32.2 Hz), 125.84 (q, J = 5.7 Hz), 126.39, 

127.52, 127.83, 140.35 (q, J = 2.5 Hz), 142.79, 143.65, 143.75 (q, J = 1.7 Hz); 19F NMR (CDCl3) = 

-58.03 (s, 3F); IR (neat) 2926, 2855, 1726, 1602, 1496, 1466, 1364, 1321, 1251, 1193, 1163, 1127, 1057 

cm-1; 14f : HRMS (FAB) calcd for (M+Na) C26H33F3ONa: 441.2392, Found 441.2381; 1H NMR (CDCl3) 

= 0.88 (t, J = 6.8 Hz, 4H), 1.20 ~ 1.40 (m, 13H), 1.55 ~ 1.63 (m, 2H), 2.02 (s, 3H), 2.75 (t, J = 8.0 Hz, 

2H), 5.04 (d, J = 5.2 Hz, 2H), 7.20 ~ 7.36 (m, 7H); 19F NMR (CDCl3) = -52.76 (s, 3F).  

5-Trifluoromethyl-3-methyl-7-trimethylsilyl-3-phenyl-1,3-dihydroisobenzofuran (13g)

CF3

O

Ph Me

TMS

Yield : 16% (19F NMR yield); HRMS (FAB) calcd for (M+) C19H21F3OSi: 350.1321, Found 350.1314; 1H 

NMR (CDCl3) = 0.01 (s, 9H), 1.69 (s, 3H), 4.75 (d, J = 13.2 Hz, 1H), 4.80 (d, J = 12.8 Hz, 1H), 6.89 ~ 

6.99 (m, 5H), 7.28 (s, 1H), 7.34 (s, 1H); 19F NMR (CDCl3) = -57.82 (s, 3F).  
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5-Trifluoromethyl-3,6-dimethyl-3,7-diphenyl-1,3-dihydroisobenzofuran (13h) and 

5-Trifluoromethyl-3,7-dimethyl-3,6-diphenyl-1,3-dihydroisobenzofuran (14h)

CF3

O

Ph Me
Ph

Me

CF3

O

Ph Me
Me

Ph

13h and 14h

Combined yield : 48% (19F NMR yield); Isomeric ratio (13h : 14h) = 60 : 40 (inseparable); (Isomer 1) 

HRMS (FAB) calcd for (M+) C23H19F3O: 368.1378, Found 368.1388; 1H NMR (CDCl3) = 2.07 (s, 3H), 

2.33 (s, 3H), 5.06 (d, J = 12.4 Hz, 1H), 5.10 (d, J = 12.0 Hz, 1H), 7.26 ~ 7.48 (m, 11H); 19F NMR 

(CDCl3) = -54.13 (s, 3F); (Isomer 2) HRMS (FAB) calcd for (M+) C23H19F3O: 368.1383, Found 

368.1388; 1H NMR (CDCl3) = 2.02 (s, 3H), 2.07 (s, 3H), 5.07 (d, J = 12.8 Hz, 1H), 5.12 (d, J = 12.8 Hz, 

1H), 7.14 ~ 7.61 (m, 11H); 19F NMR (CDCl3) = -50.57 (s, 3F).  

5-Trifluoromethyl-3,3,6,7-tetraphenyl-1,3-dihydroisobenzofuran (17)

CF3

O

Ph Ph
Ph

Ph

Yield : 55% (19F NMR yield); HRMS (FAB) calcd for (M+H) C33H24F3O: 493.1778, Found 493.1779; 1H 

NMR (CDCl3) = 4.96 (s, 2H), 7.00 ~ 7.07 (m, 4H), 7.13 ~ 7.15 (m, 6H), 7.35 (s, 10H), 7.49 (s, 1H); 19F 

NMR (CDCl3) = -49.23 (s, 3F).  

5-Difluoromethyl-3-methyl-3,6,7-triphenyl-1,3-dihydroisobenzofuran (18)

HF2C

O

Ph Me
Ph

Ph

Yield : 53% (19F NMR yield), 39% (isolated yield); HRMS (FAB) calcd for (M+) C28H22F2O: 412.1635, 

Found 412.1639; 1H NMR (CDCl3) = 2.17 (s, 3H), 5.16 (d, J = 12.0 Hz, 1H), 5.20 (d, J = 12.4 Hz, 1H), 

6.29 (t, J = 54.0 Hz, 1H), 6.86 (s, 1H), 7.00 ~ 7.06 (m, 3H), 7.12 ~ 7.39 (m, 11H), 7.43 (s, 1H); 13C NMR 
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(CDCl3) = 25.67 (t, J = 1.6 Hz), 70.35, 90.16, 113.50 (t, J = 238.9 Hz), 124.78, 126.43, 126.54 (t, J = 

139.7 Hz), 126.62, 127.20, 127.44, 127.48, 127.61, 128.03, 129.65, 130.74, 131.06, 131.39, 137.46, 

140.60, 141.17, 142.91, 144.20; 19F NMR (CDCl3) = -108.38 (dd, J = 53.8, 309.9 Hz, 1F), -103.58 (dd, 

J = 53.8, 300.1 Hz, 1F); IR (neat) 2345, 1655, 1638, 1037, 766 cm-1.   

5-Trifluoromethyl-6,7-diphenyl-1,3-dihydroisobenzofuran-3-spiro-cyclohexane (19)

O
Ph

Ph

CF3

Yield : 71% (19F NMR yield), 53% (isolated yield); m.p. 139~140 °C; HRMS (FAB) calcd for (M+Na) 

C26H23F3NaO: 431.1606, Found 431.1599; 1H NMR (CDCl3) = 1.26 ~ 1.34 (m, 2H), 1.68 ~ 1.91 (m, 

6H), 2.13 ~ 2.21 (m, 2H), 5.06 (s, 2H), 6.91 ~ 6.94 (m, 2H), 7.02 ~ 7.05 (m, 2H), 7.10 ~ 7.12 (m, 3H), 

7.13 ~ 7.16 (m, 3H), 7.36 (s, 1H); 13C NMR (CDCl3) = 22.78, 24.90, 33.28 (q, J = 4.1 Hz), 68.83, 90.35, 

124.15 (q, J = 29.1 Hz), 124.45 (q, J = 276.1 Hz), 125.92, 126.50, 126.75, 126.96, 127.43, 129.53, 130.43 

(q, J = 1.6 Hz), 138.64, 139.56 (q, J = 2.5 Hz), 140.64, 141.56, 143.38, 144.26 (q, J = 2.4 Hz); 19F NMR 

(CDCl3) = -48.00 (s, 3F); IR (KBr) 2954, 2812, 2345, 1655, 1543, 1509 , 1165, 1120 cm-1.   

The compound 22 could not be isolated in a pure form.  1H NMR (CDCl3) = 4.22 (1H), 4.63 (1H), 

4.94 ~ 4.96 (2H), 6.84 ~ 7.35 (m, 22H).  

7-(4,4,4-Trifluoro-1,1-diphenyl)but-2-ynyl-5-Trifluoromethyl-3,3-phenyl-1,3-dihyd-roisobenzofuran 
(22)

CF3

O

Ph Ph
H

O

Ph Ph
CF3

The determination of the chemical structure was carried out mainly on the basis of the analogy of the 

chemical shift of 15a due to their structural similarities.  

Yield : 19% (19F NMR yield); 19F NMR (CDCl3) = -57.61 (s, 3F), -50.63 (s, 3F). 
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6-(4,4,4-Trifluoro-1,1-diphenyl)but-2-ynyl-5-Trifluoromethyl-3,3-phenyl-1,3-dihyd-roisobenzofuran 
(23)

O
H

O

Ph Ph
CF3

CF3Ph Ph

This compound could not be isolated in a pure form.  The determinations of the chemical structures were 

carried out on the basis of the analogy of the chemical shift of 15b due to their structural similarities.  

Yield : 8% (19F NMR yield); 19F NMR (CDCl3) = -52.60 (s, 3F), -50.71 (s, 3F). 

4,4,4-Trifluoro-1,1-phenylbut-2-ynyl 2,3,4,5-tetraphenylbenzyl ether (24)

F3C
O

Ph
Me

Ph Ph

Ph Ph

Yield : 16% (19F NMR yield); HRMS (FAB) calcd for (M+) C47H33F3O: 670.2485, Found 670.2484; 1H 

NMR (CDCl3) = 4.36 (s, 2H), 6.75 ~ 7.39 (m, 30H), 7.63 (s, 1H); 19F NMR (CDCl3) = -50.51 (s, 3F); 

IR (neat) 2345, 1638, 1449, 1263, 1093, 803 cm-1.   

General procedure for fluoroalkylated 1,3-dihydrofuro[3,4-c]pyridine derivatives

To a suspension of RhCl3·3H2O (8 mg, 0.03 mmoL) were added i-Pr2NEt (14 mg, 0.09 mmoL) and 

fluoroalkylated diynes (0.30 mmoL), nitriles (6.0 mmoL). The mixture was stirred at 130 °C (bath 

temp.) for 2 h.  After being cooled to room temperature, the residue was purified by column 

chromatography  on  s i l i ca  ge l  (EtOAc/Hexane) to afford corresponding fluoroalkylated 

1,3-dihydrofuro[3,4-c]pyridine derivatives.
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4-Trifluorometyl-2-methyl-2,6-diphenyl-1,3-dihydrofuro[3,4-c]pyridine (25)

N

CF3

O

Ph Me

Ph

Yield : 39% (19F NMR yield), 25% (isolated yield); HRMS (FAB) calcd for (M+H) C21H17F3NO: 

356.1266, Found 356.1262; 1H NMR (CDCl3) = 2.07 (s, 3H), 5.15 (d, J = 14.0 Hz, 1H), 5.20 (d, J = 

14.0 Hz, 1H), 7.26 ~ 7.33 (m, 5H), 7.47 ~ 7.53 (m, 3H), 7.86 (s, 1H), 8.08 ~ 8.11 (m, 2H); 13C NMR 

(CDCl3) = 24.72 (q, J = 3.3 Hz), 69.95, 89.28, 115.59, 121.25 (q, J = 274.4 Hz), 126.31, 127.12, 128.01, 

128.13, 128.93, 129.89, 137.37, 138.03, 142.76, 154.12, 156.60; 19F NMR (CDCl3) = -63.68 (s, 3F); IR 

(neat) 2927, 2345, 1719, 1610, 1446, 1375, 1261, 1224, 1191, 1136, 1049 cm-1.   

6-(4-methylphenyl)-4-trifluorometyl-2-methyl-2-diphenyl-1,3-dihydrofuro[3,4-c]pyridine (26)

N

CF3

O

Ph Me

Me

Yield : 44% (19F NMR yield), 43% (isolated yield); 1H NMR (CDCl3) = 2.07 (s, 3H), 2.44 (s, 3H), 5.13 

(d, J = 14.0 Hz, 1H), 5.18 (d, J = 14.0 Hz, 1H), 7.26 ~ 7.36 (m, 7H), 7.83 (s, 1H), 8.00 (d, J = 8.0 Hz, 

2H); 13C NMR (CDCl3) = 21.33, 24.74 (q, J = 2.4 Hz), 69.95, 89.26, 115.19, 121.28 (q, J = 275.2 Hz), 

1256.31, 127.00, 127.99, 128.11, 129.66, 134.62, 137.67, 140.08, 141.83, 142.83, 153.99, 156.62; 19F 

NMR (CDCl3) = -63.68 (s, 3F); IR (neat) 2923, 2372, 1609, 1560, 1446, 1376, 1325, 1224, 1190, 1136, 

1047 cm-1.   

6-Buthyl-4-trifluorometyl-2-methyl-2-diphenyl-1,3-dihydrofuro[3,4-c]pyridine (27)

N

CF3

O

Ph Me

n-Bu

This compound could not be isolated in a pure form.  The mixture of 27 and 15b was obtained.  

Yield : 10% (19F NMR yield); HRMS (FAB) calcd for (M+H) C19H21F3NO: 336.1576, Found 336.1575; 
1H NMR (CDCl3) = 0.98 (t, J = 7.2 Hz, 3H), 1.41 ~ 1.47 (m, 3H), 1.73 ~ 1.80 (m, 3H), 2.02 (t, J = 1.6 
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Hz, 3H), 2.91 (t, J = 8.4 Hz, 2H), 7.18 ~ 7.49 (m, 6H); 19F NMR (CDCl3) = -63.49 (s, 3F).  
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