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I. General information 
 
All reagents were purchased from commercial sources and used without further purification, unless 

otherwise indicated. All reactions were monitored by TLC and the products were purified by column 
chromatography on flash silica gel (300−400 mesh). Melting points were uncorrected. NMR spectra were 
obtained on a Varian Inova 500 spectrometer (500 MHz for 1H NMR; 125 MHz for 13C NMR; 470 MHz for 
19F NMR). 1H NMR and 13C NMR were determined with TMS as the internal standard. 19F NMR was 
determined with C6H5F as the external standard. All shifts are given in ppm. High-resolution mass spectra 
(HRMS) were obtained using a Bruker microTOF II focus spectrometer (ESI). 

 
 

II. Preparation of 1 
 

 
General procedure (with 1b as an example): 
To the solution of acetone (0.58 mL, 8.0 mmol) and benzaldehyde (1.63 mL, 16.1 mmol) in ethanol (10 mL), 
NaOH (15 mL, 10% aqueous solution) was added dropwise and stirred at room temperature to the 
completion of the reaction (monitored by TLC). The resulted mixture was poured into water (30 mL). The 
solid was collected by filtration, washed with water (15 mL ×3), and dried under vacuum to afford the crude 
product, which was recrystallized (petroleum ether : EtOAc = 50:1, v/v) to give 1b (1.74 g, 93% yield). 
 

 
General procedure (with 1j as an example): 
To the solution of acetone (2 mL, 27.5 mmol) and 4-chlorobenzaldehyde (1.4 g, 10 mmol) in water (4 mL), 
NaOH (0.8 mL, 5% aqueous solution) was added dropwise and stirred at 45 oC for 7 h. After 
4-chlorobenzaldehyde was consumed as monitored by TLC, the resulted mixture was poured into water (30 
mL). The solid was collected by filtration, washed with water (15 mL ×3), and dried under vacuum to afford 
the crude product, which was recrystallized (petroleum ether : EtOAc = 50:1, v/v) to give s1 (1.61 g, 89% 
yield). 
To the solution of s1 (0.72 g, 4.0 mmol) and 4-bromobenzaldehyde (0.76 g, 4.1 mmol) in ethanol (5 mL), 
NaOH (0.32 g, 8 mmol) was added and stirred at room temperature to the consumption of s1 (monitored by 
TLC). The resulted mixture was poured into water (30 mL). The solid was collected by filtration, washed 
with water (15 mL ×3) and dried under vacuum to afford the crude product, which was purified by column 
chromatography (silica gel, petroleum ether : EtOAc = 10:1, v/v) to give 1j (0.58 g, 42% yield). 
 
Substrate 1m was prepared following the method of D. R. Carbery (see: Org. Lett., 2009, 11, 1175-1178). 
 
Substrate 1n 
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Procedure: 
To the solution of 1-(4-methoxyphenyl)propan-2-one (1.37 mL, 8.88 mmol) and piperidine (0.36 mL, 3.6 
mmol) in benzene (20 mL), benzaldehyde (3.55 mL, 35.5 mmol) and acetic acid (0.51 mL, 8.95 mmol) were 
added. The reaction was performed under reflux (equipped with a Dean-Stark trap) to the consumption of 
1-(4-methoxyphenyl)propan-2-one (monitored by TLC). The resulted mixture was diluted by EtOAc (30 
mL), washed with water (15 mL ×3), aqueous NaHCO3 solution (15 mL ×3). The organic phase then dried 
under vacuum to afford the crude product, which was purified by column chromatography (silica gel, 
petroleum ether : EtOAc =6:1, v/v) to give 1n (2.12g, 70% yield). 
 
 
III. Synthetic procedures and analytical data of 3 
 

 
 

General procedure (3a as an example):  
To the solution of 1a (524 mg, 2.0 mmol) in anhydrous DMF (2 mL) was added anhydrous NaOAc (328 mg, 
4.0 mmol) at room temperature. Trimethyl(trifluoromethyl)silane (TMSCF3, 0.44 mL, 3.0 mmol) was added 
to the mixture after 5 min’s stirring. After 1a was consumed as indicated by TLC, the resulting mixture was 
poured into water (30 mL) and extracted with dichloromethane (15 mL × 3). The combined organic phase 
was washed with water (15 mL ×3), dried over anhydrous MgSO4 and concentrated in vacuo. The crude 
product was purified by column chromatography (silica gel, petroleum) to give 2a (769 mg, 95%). To a 
solution of resulted 2a (607 mg, 1.5 mmol) in THF (8 mL) was added hydrochloric acid (6 N) slowly. After 
2a was consumed as indicated by TLC, the mixture was poured into water and extracted with 
dichloromethane (15 mL × 3). The combined organic phase was dried over anhydrous MgSO4, and 
concentrated in vacuo. The crude product was purified by column chromatography (silica gel, petroleum 
ether : EtOAc = 6:1, V/V) to give 3a (459mg, 92%). 
 
 

 
3a: 1,5-di-p-tolyl-3-(trifluoromethyl)penta-1,4-dien-3-ol 
Colorless crystals, m.p. 66–68 oC, 92% yield. 
1H NMR (CDCl3, 500 MHz) δ  2.27 (s, 6H), 2.42 (s, 1H), 6.29 (d, J = 16.0 Hz, 2H), 6.82 (d, J = 16.0 Hz, 
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2H), 7.07 (d, J = 8.0 Hz, 4H), 7.25 (d, J = 8.0 Hz, 4H). 
13C NMR (CDCl3, 125 MHz) δ 21.2, 76.4 (q, J = 30.0 Hz), 123.3, 124.9 (CF3, q, J = 283.8 Hz), 126.8, 129.4, 
132.7, 133.7, 138.6. 
HRMS (ESI-TOF) Calcd for C20H18F3

+ ([M-OH]+) 315.1355. Found 315.1369. 
 

 
3b: 1,5-diphenyl-3-(trifluoromethyl)penta-1,4-dien-3-ol 
Colorless crystals, m.p. 92–94 oC, 93% yield. 
1H NMR (CDCl3, 500 MHz) δ 2.55 (s, 1H), 6.42 (d, J = 16.0 Hz, 2H), 6.94 (d, J = 16.0 Hz, 2H), 7.29 (t, J = 
7.5 Hz, 2H), 7.34 (t, J = 7.5 Hz, 4H), 7.43 (d, J = 7.5 Hz, 4H). 
13C NMR (CDCl3, 125 MHz) δ 76.4 (q, J = 30.0 Hz), 124.3, 124.9 (CF3, q, J = 285.0 Hz), 126.9, 128.6, 
128.7, 133.8, 135.5. 
HRMS (ESI-TOF) Calcd for C18H14F3

+ ([M-OH]+) 287.1042. Found 287.1046. 
 

 
3c: 1,5-di-m-tolyl-3-(trifluoromethyl)penta-1,4-dien-3-ol 
Colorless crystals, m.p. 64–66 oC, 91% yield. 
1H NMR (CDCl3, 500 MHz) δ 2.32 (s, 6H), 2.61 (s, 1H), 6.39 (d, J = 16.0 Hz, 2H), 6.89 (d, J = 16.0 Hz, 
2H), 7.08 (t, J = 3.5 Hz, 2H), 7.20 (d, J = 5.0 Hz, 4H), 7.23 (s, 2H). 
13C NMR (CDCl3, 125 MHz) δ 21.3, 76.4 (q, J = 28.8 Hz), 124.0, 124.1, 124.8 (CF3, q, J = 283.8 Hz), 
127.5, 128.6, 129.4, 133.9, 135.4, 138.3. 
HRMS (ESI-TOF) Calcd for C20H18F3

+ ([M-OH]+) 315.1355. Found 315.1370. 
 

 
3d: 1,5-bis(4-methoxyphenyl)-3-(trifluoromethyl)penta-1,4-dien-3-ol 
Colorless crystals, m.p. 70–72 oC, 96% yield. 
1H NMR (CDCl3, 500 MHz) δ 2.62 (s, 1H), 3.81 (s, 6H), 6.28 (d, J = 16.0 Hz, 2H), 6.85–6.88 ( m, 6H), 
7.37 (d, J = 8.0 Hz, 4H). 
13C NMR (CDCl3, 125 MHz) δ 55.3, 76.4 (q, J = 28.8 Hz), 114.0, 122.1, 125.0 (CF3, q, J = 283.8 Hz), 
128.2, 128.3, 133.2, 159.8. 
HRMS (ESI-TOF) Calcd for C20H18F3O2

+ ([M-OH]+) 347.1253. Found 347.1265. 
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3e: 1,5-bis(4-chlorophenyl)-3-(trifluoromethyl)penta-1,4-dien-3-ol 
Colorless crystals, m.p. 77–79 oC, 95% yield. 
1H NMR (CDCl3, 500 MHz) δ 2.69 (s, 1H), 6.37 (d, J = 16.0 Hz, 2H), 6.87 (d, J = 16.0 Hz, 2H), 7.28 (d, J 
= 8.5 Hz, 4H), 7.32 (d, J = 8.5 Hz, 4H). 
13C NMR (CDCl3, 125 MHz) δ 76.3 (q, J = 28.8 Hz), 124.6, 124.7 (CF3, q, J = 283.8 Hz), 128.1, 128.9, 
132.7, 133.8, 134.4. 
HRMS (ESI-TOF) Calcd for C18H12Cl2F3

+ ([M-OH]+) 355.0263. Found 355.0267. 
 

HO CF3

F F
 

3f: 1,5-bis(4-fluorophenyl)-3-(trifluoromethyl)penta-1,4-dien-3-ol 
Colorless viscous oil, 90% yield. 
1H NMR (CDCl3, 500 MHz) δ 3.78 (s, 1H), 6.61 (d, J = 16.0 Hz, 2H), 7.17 (d, J = 16.0 Hz, 2H), 7.22 (t, J = 
8.5 Hz, 4H), 7.56 (t, J = 6.0 Hz, 4H). 
13C NMR (CDCl3, 125 MHz) δ 76.3 (q, J = 28.8 Hz), 115.5 (d), 123.7, 124.9 (CF3, q, J = 285.0 Hz), 128.5 
(d), 131.6 (d), 132.6, 162.8 (d). 
HRMS (ESI-TOF) Calcd for C18H12F5

+ ([M-OH]+) 323.0854. Found 323.0859 
 

 
3g: 1,5-bis(2-fluorophenyl)-3-(trifluoromethyl)penta-1,4-dien-3-ol 
Colorless viscous oil, 88% yield.  
1H NMR (CDCl3, 500 MHz) δ 3.05 (s, 1H), 6.63 (d, J = 16.0 Hz, 2H), 7.10 (t, J = 8.5 Hz, 2H), 7.16 (t, J = 
8.5 Hz, 2H), 7.19 (d, J = 16.0 Hz, 2H), 7.29 (dd, J = 13.5, 7.0 Hz, 2H), 7.51 (t, J = 7.5 Hz, 2H). 
13C NMR (CDCl3, 125 MHz) δ 76.6 (q, J = 28.8 Hz), 115.8 (d), 123.4 (d), 124.2 (d), 124.8 (CF3, q, J = 
285.0 Hz), 126.6, 126.7 (d), 128.0 (d), 129.9 (d), 160.5 (d).  
HRMS (ESI-TOF) Calcd for C18H12F5

+ ([M-OH]+) 323.0854. Found 323.0859. 
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3h: 1,5-bis(4-bromophenyl)-3-(trifluoromethyl)penta-1,4-dien-3-ol 
Colorless crystals, m.p. 120–122 oC, 89% yield. 
1H NMR (CDCl3, 500 MHz) δ 2.45 (s, 1H), 6.38 (d, J = 16.0 Hz, 2H), 6.88 (d, J = 16.0 Hz, 2H), 7.30 (d, J 
= 8.0 Hz, 4H), 7.48 (d, J = 8.0 Hz, 4H). 
13C NMR (CDCl3, 125 MHz) δ 76.3 (q, J = 30.0 Hz), 122.6, 124.6 (CF3, q, J = 283.8 Hz), 124.7, 128.4, 
131.9, 132.7, 134.3. 
HRMS (ESI-TOF) Calcd for C18H12Br2F3

+ ([M-OH]+) 442.9252. Found 442.9245. 

 

3i: 1,5-bis(2,4-dichlorophenyl)-3-(trifluoromethyl)penta-1,4-dien-3-ol 
Colorless viscous oil, 87% yield. 
1H NMR (CDCl3, 500 MHz) δ 2.92 (s, 1H), 6.38 (d, J = 16.0 Hz, 2H), 7.18 (dd, J = 8.5, 1.5 Hz, 2H), 7.28 
(d, J = 16.0 Hz, 2H), 7.33 (d, J = 1.5 Hz, 2H), 7.43 (d, J = 9.0 Hz, 2H). 
13C NMR (CDCl3, 125 MHz) δ 76.6 (q, J = 30.0 Hz), 124.5 (CF3, q, J = 285.0 Hz), 127.0, 127.3, 127.7, 
129.4, 129.5, 132.1, 134.1, 134.7. 
HRMS (ESI-TOF) Calcd for C18H10 Cl4F3

+ ([M-OH]+) 422.9483. Found 422.9483. 
 

 

3j: 1-(4-bromophenyl)-5-(4-chlorophenyl)-3-(trifluoromethyl)penta-1,4-dien-3-ol 
Colorless crystals, m.p. 104–106 oC, 90% yield. 
1H NMR (CDCl3, 500 MHz) δ 2.50 (s, 2H), 6.37 (d, J = 8.5 Hz, 2H), 6.40 (d, J = 8.0 Hz, 2H), 6.87 (d, J = 
6.5 Hz, 2H), 6.90 (d, J = 6.0 H z, 2H), 7.30 (d, J = 9.0 Hz, 4H), 7.32 (d, J = 8.0 Hz, 4H), 7.37 (d, J = 9.0 
Hz, 4H), 7.48 (d, J = 8.0 Hz, 4H). 
13C NMR (CDCl3, 125 MHz) δ 76.3 (q, J = 28.8 Hz), 122.6, 124.5, 124.6 (CF3, q, J = 285.0 Hz), 124.7, 
128.1, 128.4, 128.9, 131.8, 132.6, 132.7, 133.8, 134.3, 134.4. 
HRMS (ESI-TOF) Calcd for C18H12BrClF3

+ ([M-OH]+) 398.9758. Found 398.9745. 
 

 
3k: 1-(4-fluorophenyl)-5-(p-tolyl)-3-(trifluoromethyl)penta-1,4-dien-3-ol 
Colorless viscous oil, 88% yield. 
1H NMR (CDCl3, 500 MHz) δ 2.35 (s, 6H), 2.48 (s, 2H), 6.33 (d, J = 16.0 Hz, 2H), 6.36 (d, J = 16.0 Hz, 
2H), 6.90 (d, J = 16.0 Hz, 2H), 6.91 (d, J = 16.0 Hz, 2H), 7.04 (t, J = 8.5 Hz, 4H), 7.16 (d, J = 7.5 Hz, 4H), 
7.33 (d, J = 7.5 Hz, 4H), 7.41 (t, J = 8.5 Hz, 4H). 
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13C NMR (CDCl3, 125 MHz) δ 21.2, 76.3 (q, J = 28.8 Hz), 115.6 (d), 123.0, 123.9, 124.8 (CF3, q, J = 
284.3 Hz), 126.8, 127.1, 127.4, 127.9, 128.5 (d), 129.4, 129.6, 131.6 (d), 132.2, 132.5, 133.7, 134.2, 134.7, 
138.6, 162.8(d).  
HRMS (ESI-TOF) Calcd for C18H12BrClF3

+ ([M-OH]+) 319.1104. Found 319.1109. 
 

 

3l: 1-(4-fluorophenyl)-5-phenyl-3-(trifluoromethyl)penta-1,4-dien-3-ol 
Colorless viscous oil, 85% yield. 
1H NMR (CDCl3, 500 MHz) δ 2.56 (s, 2H), 6.34 (d, J = 16.0 Hz, 2H), 6.42 (d, J = 16.0 Hz, 2H), 6.91 (d, J 
= 16.0 Hz, 2H), 6.94 (d, J = 16.0 Hz, 2H), 7.04 (t, J = 8.5 Hz, 4H), 7.30 (t, J = 7.0 Hz, 2H), 7.35 (t, J = 7.5 
Hz, 4H), 7.39–7.45 (m, 8H). 
13C NMR (CDCl3, 125 MHz) δ 76.3 (q, J = 28.8 Hz), 115.7 (d), 124.0 (d), 124.8 (CF3, q, J = 285.0 Hz), 
126.9, 128.5, 128.6, 128.7, 128.8, 131.6 (d), 132.7, 133.8, 135.4, 162.8 (d). 
HRMS (ESI-TOF) Calcd for C18H13F4

+ ([M-OH]+) 305.0948. Found 305.0958. 
 

 
3n: 2-(4-methoxyphenyl)-1,5-diphenyl-3-(trifluoromethyl)penta-1,4-dien-3-ol 
Colorless crystals, m.p.128–129oC, 88% yield. 
1H NMR (CDCl3, 500 MHz) δ 2.56 (s, 1H), 3.76 (s, 3H), 6.44 (d, J = 16.0 Hz, 1H), 6.79-6.81 (m, 2H), 
6.83 (d, J = 8.5 Hz, 2H), 6.92 (d, J = 8.0 Hz, 1H), 7.02-7.05 (m, 6H), 7.22 (t, J = 7.5 Hz, 1H), 7.28 (t, J = 
7.5 Hz, 2H), 7.36 (d, J = 7.5 Hz, 2H). 
13C NMR (CDCl3, 125 MHz) δ 55.2, 114.3, 125.0 (CF3, q, J = 285.1 Hz), 126.0, 126.9, 127.5, 127.8, 
128.0, 128.4, 128.7, 129.5, 131.7, 132.0, 132.2, 135.7 (d, J = 11.0 Hz), 138.0, 159.4. 
HRMS (ESI-TOF) Calcd for C25H21F3O2

+ ([M-OH]+) 393.1561. Found 393.1570. 

 

 

IV. Synthetic procedures and analytical data of 4  
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General procedure (4e as an example): 
To a solution of 3e (373 mg, 1.0 mmol) in DCE (1.5 mL) was added boron trifluoride etherate (2.0 equiv) and 
stirred at 35 °C. After 3e was consumed as indicated by TLC, the reaction mixture was poured into water (30 
mL) and extracted with dichloromethane (15 mL × 3). The combined organic phase was dried over anhydrous 
MgSO4 and concentrated in vacuo. The crude product was purified by flash chromatography (silica gel, 
petroleum ether : EtOAc = 30 : 1, V/V) to give 4e (337 mg, 95% yield). 
 

  
4a: 4,4'-(4-(trifluoromethyl)cyclopenta-1,3-diene-1,2-diyl)bis(methylbenzene) 
Colorless crystals, m.p. 89–91 oC, 83% yield. 
1H NMR (CDCl3, 500 MHz) δ 2.31 (s, 3H), 2.35 (s, 3H), 3.70 (s, 2H), 7.05 (d, J = 8.0 Hz, 2H), 7.08 (s, 1H), 
7.10 (d, J = 8.0 Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H), 7.20 (d, J = 8.0 Hz, 2H). 
13C NMR (CDCl3, 125 MHz) δ 21.1, 21.2, 42.9, 125.2 (CF3, q, J = 251.3 Hz), 127.8, 128.1, 129.1, 129.3, 
132.3 (q, J = 35.0 Hz), 132.8, 132.9, 137.3, 137.4, 138.6, 139.5 (q, J = 5.0 Hz), 142.7. 
HRMS (ESI-TOF) Calcd for C20H18F3

+ ([M+H]+) 315.1355. Found 315.1362. 
 

 
4b: (4-(trifluoromethyl)cyclopenta-1,3-diene-1,2-diyl)dibenzene 
Colorless crystals, m.p. 88–90 oC, 85% yield. 
1H NMR (CDCl3, 500 MHz) δ 3.75 (s, 2H), 7.11 (s, 1H), 7.24 (m, 5H), 7.30 (m, 5H). 
13C NMR (CDCl3, 125 MHz) δ 43.0, 123.0 (CF3, q, J = 266.3 Hz), 127.5, 127.6, 128.0, 128.2, 128.4, 
128.6, 132.8 (q, J = 35.0 Hz), 135.5, 139.2, 139.3 (q, J = 5.0 Hz), 139.4, 143.1. 
HRMS (ESI-TOF) Calcd for C18H14F3

+ ([M+H]+) 287.1042. Found 287.1049. 
 

 

4c: 3,3'-(4-(trifluoromethyl)cyclopenta-1,3-diene-1,2-diyl)bis(methylbenzene) 
Yellowish viscous oil, 82% yield. 
1H NMR (CDCl3, 500 MHz) δ 2.25 (s, 3H), 2.29 (s, 3H), 3.70 (s, 2H), 7.02 (t, J = 8.0 Hz, 2H), 7.08 (m, 
5H), 7.13 (s, 1H), 7.16 (d, J = 8.5 Hz, 1H). 
13C NMR (CDCl3, 125 MHz) δ 21.3, 43.0, 123.1 (CF3, q, J = 265.0 Hz), 125.2, 125.5, 128.2, 128.3, 128.4, 
128.5, 128.6, 128.8, 132.6 (q, J = 35.9 Hz), 135.5, 135.6, 138.0, 138.2, 139.2, 139.5 (q, J = 5.0 Hz), 143.1. 
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HRMS (ESI-TOF) Calcd for C20H18F3
+ ([M+H]+) 315.1355. Found 315.1359. 

 

 
4d: 4,4'-(4-(trifluoromethyl)cyclopenta-1,3-diene-1,2-diyl)bis(methoxybenzene) 
Colorless crystals, m.p. 127–129 oC, 79% yield. 
1H NMR (CDCl3, 500 MHz) δ 3.68 (s, 2H), 3.79 (s, 3H), 3.81 (s, 3H), 6.78 (d, J = 8.5 Hz, 2H), 6.84 (d, J 
= 8.5 Hz, 2H), 7.06 (s, 1H), 7.21 (d, J = 8.5 Hz, 2H), 7.24 (d, J = 8.5 Hz, 2H). 
13C NMR (CDCl3, 125 MHz) δ 42.8, 55.1, 55.2, 113.8, 114.0, 123.2 (CF3, q, J = 265.0 Hz), 128.2, 128.3, 
129.2, 129.5, 131.9 (q, J = 35.0 Hz), 137.5, 139.6, 139.7 (q, J = 5.0 Hz), 141.8, 158.9. 
HRMS (ESI-TOF) Calcd for C20H18F3O2

+ ([M+H]+) 347.1253. Found 347.1246. 
 

 
4e: 4,4'-(4-(trifluoromethyl)cyclopenta-1,3-diene-1,2-diyl)bis(chlorobenzene) 
Colorless crystals m.p. 104–106 oC, 95% yield. 
1H NMR (CDCl3, 500 MHz) δ 3.72 (s, 2H), 7.06 (s, 1H), 7.16 (d, J = 8.5 Hz, 2H), 7.21 (d, J = 9.5 Hz, 2H), 
7.25 (d, J = 8.0 Hz, 2H), 7.29 (d, J = 8.5 Hz, 2H).  
13C NMR (CDCl3, 125 MHz) δ 43.0, 122.8 (CF3, q, J = 266.3 Hz), 128.9, 129.0, 129.3, 129.6, 133.4 (q, J 
= 26.3 Hz), 133.5, 133.6, 133.7, 133.8, 138.7, 138.8 (q, J = 5.0 Hz), 142.3. 
HRMS (ESI-TOF) Calcd for C18H12Cl2 F3

+ ([M+H]+) 355.0263. Found 355.0270. 
 

 
4f: 4,4'-(4-(trifluoromethyl)cyclopenta-1,3-diene-1,2-diyl)bis(fluorobenzene) 
Colorless crystals, m.p. 97–99 oC, 97% yield. 
1H NMR (CDCl3, 500 MHz) δ 3.71 (s, 2H), 6.95 (t, J = 8.5 Hz, 2H), 7.01 (t, J = 8.5 Hz, 2H), 7.06 (d, J = 
1.5 Hz, 1H), 7.20 (dd, J = 8.5, 5.5 Hz, 2H), 7.25 (dd, J = 8.5, 5.5 Hz, 2H). 
13C NMR (CDCl3, 125 MHz) δ 43.1, 115.6 (d), 115.7, 122.9 (CF3, q, J = 266.3 Hz), 129.7 (d), 130.0 (d), 
131.3 (d), 131.5 (d), 133.1 (q, J = 35.0 Hz), 138.2, 139.0 (q, J = 6.3 Hz), 142.1, 161.2 (d), 163.2 (d). 
HRMS (ESI-TOF) Calcd for C18H12F5

+ ([M+H]+) 323.0854. Found 323.0848. 
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4g: 2,2'-(4-(trifluoromethyl)cyclopenta-1,3-diene-1,2-diyl)bis(fluorobenzene) 
Colorless crystals, m.p. 67–68 oC, 95% yield. 
1H NMR (CDCl3, 500 MHz) δ 3.66 (s, 2H), 6.82 (t, J = 7.5 Hz, 1H), 6.81–6.99 (m, 5H), 7.03 (s, 1H), 
7.07–7.11 (m, 2H). 
13C NMR (CDCl3, 125 MHz) δ 43.1, 43.2, 116.0 (d), 116.2 (d), 123.0 (CF3, q, J = 266.3 Hz), 123.1 (d), 
123.4 (d), 124.0 (d), 124.1 (d), 129.6 (d), 129.7 (d), 130.5 (d), 130.6 (d), 134.1 (q, J = 35.0 Hz), 136.1, 
138.5 (m), 140.3, 158.9 (d), 160.9(d). 
HRMS (ESI-TOF) Calcd for C18H12F5

+ ([M+H]+) 323.0854. Found 323.0845. 
 

 
4h: 4,4'-(4-(trifluoromethyl)cyclopenta-1,3-diene-1,2-diyl)bis(bromobenzene) 
Colorless crystals, m.p. 115–117 oC, 90% yield. 
1H NMR (CDCl3, 500 MHz) δ 3.69 (s, 2H), 7.04 (s, 1H), 7.09 (d, J = 8.5 Hz, 2H), 7.14 (d, J = 8.5 Hz, 2H), 
7.37 (d, J = 8.5 Hz, 2H), 7.43 (d, J = 8.5 Hz, 2H). 
13C NMR (CDCl3, 125 MHz) δ 43.0, 121.9, 122.0, 122.8 (CF3, q, J = 265.0 Hz), 129.5, 129.9, 131.8, 
132.0, 133.6 (q, J = 36.3 Hz), 134.0, 134.1, 138.7 (q, J = 6.3 Hz), 138.8, 142.4. 

HRMS (ESI-TOF) Calcd for C18H10Br2F3
- ([M-H]-) 444.9232 Found 442.8791. 

 

 

4i: 4,4'-(4-(trifluoromethyl)cyclopenta-1,3-diene-1,2-diyl)bis(1,3-dichlorobenzene) 
Colorless crystals, m.p. 83–85 oC, 89% yield. 
1H NMR (CDCl3, 500 MHz) δ 3.68 (s, 2H), 6.80 (d, J = 8.0 Hz, 1H), 6.87 (d, J = 8.0 Hz, 1H), 6.96 (d, J = 
8.5 Hz, 1H), 7.01 (d, J = 8.0 Hz, 1H), 7.04 (s, 1H), 7.27 (d, J = 13.5 Hz, 2H). 
13C NMR (CDCl3, 125 MHz) δ 43.0, 122.7 (CF3, q, J = 266.3 Hz), 127.2, 127.3, 129.8, 129.9 , 131.7, 
131.9, 132.4, 133.0, 134.2 (q, J = 36.3 Hz), 133.9, 134.0, 134.6, 134.7, 137.7 (q, J = 6.3 Hz), 140.1, 143.6. 
HRMS (ESI-TOF) Calcd for C18H8Cl4 F3

- ([M-H]-) 422.9298. Found 422.8682. 
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4j: 1-bromo-4-(2-(4-chlorophenyl)-4-(trifluoromethyl)cyclopenta-1,4-dien-1-yl)benzene 
4j’: 1-bromo-4-(2-(4-chlorophenyl)-4-(trifluoromethyl)cyclopenta-1,3-dien-1-yl)benzene 
Colorless crystals, 4j/4j’ = 1.0/1.0, 96% yield. 
1H NMR (CDCl3, 500 MHz): 
4j+4j’, δ 3.71 (s, 4H), 7.06 (s, 2H), 7.10 (d, J = 9.0 Hz, 2H), 7.16 (dd, J = 9.0, 6.5 Hz, 4H), 7.20–7.29 (m, 
4H), 7.29–7.31 (m, 2H), 7.39 (d, J = 8.5 Hz, 2H), 7.45 (d, J = 8.0 Hz, 2H). 
13C NMR (CDCl3, 125 MHz) δ 42.9, 43.0, 122.8 (CF3, q, J = 266.3 Hz), 121.9 (d), 128.9, 129.0, 129.2, 
129.5, 129.6, 129.9, 131.8, 132.0, 133.6 (d), 133.7 (d), 134.1 (d), 138.7 (m), 142.4. 
HRMS (ESI-TOF) Calcd for C18H10BrClF3

- ([M-H]-) 398.9579. Found 398.8560. 
 

 
4k: 1-fluoro-4-(2-(p-tolyl)-4-(trifluoromethyl)cyclopenta-1,3-dien-1-yl)benzene 
4k’: 1-fluoro-4-(2-(p-tolyl)-4-(trifluoromethyl)cyclopenta-1,4-dien-1-yl)benzene 
Colorless viscous oil. 4k/ 4k’ = 1.0/1.0, 87% yield. 
1H NMR (CDCl3, 500 MHz): 
4k, δ 2.38 (s, 3H), 3.76 (s, 2H), 6.98 (t, J = 10.0 Hz, 2H), 7.11–7.14 (m, 4H), 7.23 (s, 1H), 7.27–7.30 (m, 
2H). 
4k’, δ 2.41 (s, 3H), 3.74 (s, 2H), 7.04 (t, J = 10.0 Hz, 2H), 7.17–7.20 (m, 4H), 7.24 (s, 1H), 7.30–7.34 (m, 
2H). 
13C NMR (CDCl3, 125 MHz) δ 21.1, 21.2, 43.0, 115.4 (d), 115.6 (d), 123.1 (CF3, q, J = 265.0 Hz), 127.9, 
128.2, 129.3, 129.4, 129.7 (d), 130.2 (d), 131.7 (m), 132.4 (d), 132.7 (m), 137.7 (d), 139.2 (q, J = 6.3 Hz), 
139.4 (q, J = 5.0 Hz), 141.4, 143.4, 161.2 (d), 161.2 (d). 
HRMS (ESI-TOF) Calcd for C19H15F4

+ ([M+H]+) 319.1104. Found 319.1110. 
 

 
4l: 1-fluoro-4-(2-phenyl-4-(trifluoromethyl)cyclopenta-1,3-dien-1-yl)benzene 
4l’: 1-fluoro-4-(2-phenyl-4-(trifluoromethyl)cyclopenta-1,4-dien-1-yl)benzene 
Colorless viscous oil, 4l/ 4l’ = 1.0/1.0, 92% yield. 
1H NMR (CDCl3, 500 MHz): 
4l, δ 3.70 (s, 2H), 6.91 (t, J = 8.5 Hz, 2H), 7.06 (s, 1H), 7.19–7.24 (m, 7H). 
4l’, δ 3.72 (s, 2H), 6.97 (t, J = 8.5 Hz, 2H), 7.08 (s, 1H), 7.25–7.30 (m, 7H). 
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13C NMR (CDCl3, 125 MHz) δ 43.0, 115.4 (d), 115.6 (d), 123.0 (CF3, q, J = 265.0 Hz), 127.8 (d), 128.0, 
128.3, 128.5, 128.7, 129.7 (d), 130.0 (d), 135.4, 138.2, 139.0 (q, J = 6.3 Hz), 139.3 (q, J = 5.0 Hz), 141.9, 
143.2, 161.2 (d), 163.1 (d). 
HRMS (ESI-TOF) Calcd for C18H11F4

- ([M-H]-) 303.0791. Found 303.0077. 
 

 

4m: 1-chloro-4-(2-methyl-4-(trifluoromethyl)cyclopenta-1,3-dien-1-yl)benzene 
4m’: 1-chloro-4-(2-methyl-4-(trifluoromethyl)cyclopenta-1,4-dien-1-yl)benzene 
Colorless viscous oil. 4m/ 4m’ = 3.0/1.0, 86% yield. 
To a solution of 3m (111 mg, 0.4 mmol) in THF (5 mL) was added TsOH (5.0 equiv) and stirred at 75 °C for 3 
h. After 3m was consumed as indicated by TLC, the reaction mixture was poured into water (15 mL) and 
extracted with dichloromethane (15 mL × 3). The combined organic phase was dried over anhydrous MgSO4 
and concentrated in vacuo. The crude product was purified by flash chromatography (silica gel, petroleum 
ether : EtOAc = 30 : 1, V/V) to give 4m (89 mg, 86% yield). 
1H NMR (CDCl3, 500 MHz): 
4m, δ 2.14 (s, 3H), 3.54 (s, 2H), 6.85 (d, J = 2.0 Hz, 1H), 7.28–7.31 (m, 2H), 7.31–7.36 (m, 2H). 
4m’, δ 2.17 (s, 3H), 3.34 (s, 2H), 7.01 (d, J = 1.5 Hz, 1H), 7.25–7.27 (m, 2H), 7.36–7.38 (m, 2H). 
HRMS (ESI-TOF) Calcd for C13H11ClF3

+ ([M+H]+) 259.0496. Found 259.0468. 
 

 
4n: (3-(4-methoxyphenyl)-4-(trifluoromethyl)cyclopenta-1,3-diene-1,2-diyl)dibenzene 
Colorless crystals, m.p.139–140oC, 83% yield. 
1H NMR (CDCl3, 500 MHz) δ 3.77 (s, 3H), 3.87 (s, 2H), 6.74 (d, J = 8.5 Hz, 2H), 6.90-6.92 (m, 2H), 6.96 
(d, J = 8.5 Hz, 2H), 7.15-7.18 (m, 8H). 
13C NMR (CDCl3, 125 MHz) δ 42.6, 55.1, 113.0, 123.5 (CF3, q, J = 267.5 Hz), 125.9, 126.8 (q, J = 32.6 
Hz), 127.1, 127.3, 128.1, 128.2, 128.3, 129.9, 130.2 (q, J = 1.4 Hz), 135.1, 135.4, 142.7, 143.1, 151.6, 
159.0. 
HRMS (ESI-TOF) Calcd for C25H19F3O+ ([M+H]+) 393.1461. Found 393.1447. 
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V. Synthetic procedures and analytical data of 5 
 

 
 

General procedure (5e as an example): 
To a solution of 3e (373 mg, 1 mmol) in DCE (3 mL) at 35 °C, was added boron trifluoride etherate (2.0 
equiv) slowly. After 3e was consumed as indicated by TLC, DMF (10 mL) and POCl3 (3.0 equiv) was 
added, respectively, and the reaction mixture was stirred at 75 °C for 30 min. After cooling to the room 
temperature, the reaction mixture was poured into water (30 mL), neutralized with saturated NaHCO3 to 
pH 7, and extracted with CH2Cl2 (15 mL × 3). The combined organic phase was washed with water (15 mL 
×3), dried over anhydrous MgSO4, and concentrated in vacuo. The crude product was purified by flash 
chromatography (silica gel, petroleum ether : EtOAc = 4 : 1, V/V) to give 5e (408 mg, 93%).  
 

 

5a: (E)-3-((dimethylamino)methylene)-4,5-di-p-tolyl-2-(trifluoromethyl)cyclopenta-1,4-dienecarbaldehyde 
Green crystals, m.p. 138–140 oC, 78% yield. 
1H NMR (CDCl3, 500 MHz) δ 2.28 (s, 3H), 2.30 (s, 3H), 2.64 (s, 3H), 3.33 (s, 3H), 6.81 (d, J = 8.0 Hz, 2H), 
6.99 (m, 6H), 8.32 (s, 1H), 9.95 (s, 1H). 
13C NMR (CDCl3, 125 MHz)  δ 21.0, 21.2, 43.0, 47.9, 112.1, 125.5 (CF3, q, J = 230.0 Hz), 128.1, 128.8, 128.9, 
129.0, 129.8, 130.7, 133.0, 134.2, 134.6, 135.3, 135.4, 161.6, 187.4. 
HRMS (ESI-TOF) Calcd for C24H23F3NO+ ([M+H]+) 398.1726. Found 398.1718. 
 

F3C

OHC

Me2N

 

5b: (E)-3-((dimethylamino)methylene)-4,5-diphenyl-2-(trifluoromethyl)cyclopenta-1,4-dienecarbaldehyde 
Green crystals, m.p. 228–230 oC, 83% yield. 
1H NMR (CDCl3, 500 MHz) δ 2.63 (s, 3H), 3.34 (s, 3H), 6.92 (d, J = 7.0 Hz, 2H), 7.09 (dd, J = 7.5, 1.5 
Hz, 2H), 7.17 (m, 6H), 8.35 (s, 1H), 9.98 (s, 1H). 
13C NMR (CDCl3, 125 MHz) δ  43.1, 48.0, 125.9, 126.1, 127.4, 128.3, 130.0, 130.9, 134.5, 136.1, 137.7, 161.5, 
187.3. 
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19F NMR (DMSO-d6, 470 MHz) δ  -50.5. 
HRMS (ESI-TOF) Calcd for C22H19F3NO+ ([M+H]+) 370.1413. Found 370.1412. 
 

  

5c: (E)-3-((dimethylamino)methylene)-4,5-di-m-tolyl-2-(trifluoromethyl)cyclopenta-1,4-dienecarbaldehyde 
Green crystals, m.p. 198–200 oC, 80% yield. 
1H NMR (CDCl3, 500 MHz) δ 2.20 (s, 3H), 2.23 (s, 3H), 2.65 (s, 3H), 3.32 (s, 3H), 6.71 (d, J = 7.5 Hz, 1H), 
6.74 (s, 1H), 6.87 (d, J = 7.5 Hz, 1H), 6.93 (m, 2H), 6.97 (d, J = 7.5 Hz, 1H), 7.06 (m, 2H), 8.35 (s, 1H), 9.92 
(s, 1H). 
13C NMR (CDCl3, 125 MHz) δ 21.4, 43.1, 48.0, 112.2, 124.9 (CF3, q, J = 268.8 Hz), 126.6, 126.8, 127.1, 
127.2, 128.1, 128.2, 129.6, 130.6, 130.7, 131.8, 134.8, 136.0, 136.6, 137.5, 137.7, 161.8, 187.5. 
HRMS (ESI-TOF) Calcd for C24H23F3NO+ ([M+H]+) 398.1726. Found 398.1741. 
 

 
5d: (Z)-3-((dimethylamino)methylene)-4,5-bis(4-methoxyphenyl)-2-(trifluoromethyl)cyclopenta-1,4-dienecarbaldehyde 
Green crystals, m.p. 179–181 oC, 76% yield. 
1H NMR (CDCl3, 500 MHz) δ 2.65 (s, 3H), 3.31 (s, 3H), 3.74 (s, 3H), 3.75 (s, 3H), 6.72–6.75 (m, 4H), 6.82 (d, 
J = 9.0 Hz, 2H), 7.01 (d, J = 8.5 Hz, 2H), 8.34 (s, 1H), 9.93 (s, 1H). 
13C NMR (CDCl3, 125 MHz) δ 42.8, 47.8, 54.8, 54.9, 112.0, 112.6, 113.7, 118.6 (q), 124.8 (CF3, q, J = 
268.8 Hz), 128.4, 128.8, 129.6, 129.9, 130.8, 131.9, 133.4, 157.5, 157.6, 162.1, 187.0. 
HRMS (ESI-TOF) Calcd for C24H23F3NO3

+ ([M+H]+) 430.1624. Found 430.1216. 
 

 

5e: (Z)-4,5-bis(4-chlorophenyl)-3-((dimethylamino)methylene)-2-(trifluoromethyl)cyclopenta-1,4-dienecarbaldehyde 
Green crystals, m.p. 163–164 oC, 94% yield. 
1H NMR (CDCl3, 500 MHz) δ 2.69 (s, 3H), 3.37 (s, 3H), 6.83 (d, J = 8.0 Hz, 2H), 6.99 (d, J = 8.5 Hz, 2H), 
7.16–7.19 (m, 4H), 8.32 (s, 1H), 10.01 (s, 1H). 
13C NMR (CDCl3, 125 MHz) δ 43.2, 48.1, 111.4, 121.2, 121.5, 124.6 (CF3, q, J = 268.8 Hz), 127.6, 128.7, 
129.4, 131.0, 132.0, 132.1, 132.6, 134.6, 135.8, 161.2, 186.7. 
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HRMS (ESI-TOF) Calcd for C22H17Cl2F3NO + ([M+H]+) 438.0634. Found 438.0638. 
 

 
5f: (Z)-3-((dimethylamino)methylene)-4,5-bis(4-fluorophenyl)-2-(trifluoromethyl)cyclopenta-1,4-dienecarbaldehyde 
Green crystals, m.p. 185–187 oC, 84% yield. 
1H NMR (CDCl3, 500 MHz) δ 2.69 (s, 3H), 3.37 (s, 3H), 6.85–6.93 (m, 6H), 7.02 (dd, J = 8.5 Hz, 5.5 Hz, 
2H), 8.30 (s, 1H), 10.01 (s, 1H). 
13C NMR (CDCl3, 125 MHz) δ 43.1, 48.0, 111.6, 114.2 (d), 115.4 (d), 120.9 (q), 124.7 (CF3, q, J = 268.8 
Hz), 127.9, 129.7, 131.3 (d), 132.1 (d), 132.3 (d), 133.0, 133.4 (d), 160.3 (d), 161.0, 162.3 (d), 186.9. 
HRMS (ESI-TOF) Calcd for C22H17F5NO+ ([M+H]+) 406.1225. Found 406.1206. 
 

 
5g: (Z)-3-((dimethylamino)methylene)-4,5-bis(2-fluorophenyl)-2-(trifluoromethyl)cyclopenta-1,4-dienecarbaldehyde 
Green crystals, m.p. 239–241 oC, 92% yield. 
1H NMR (CDCl3, 500 MHz) δ 2.71 (s, 3H), 3.35 (s, 3H), 6.90–6.97 (m, 6H), 7.15 (q, J = 7.0 Hz, 2H), 8.29 (s, 
1H), 10.03 (s, 1H). 
13C NMR (C3D6O, 125 MHz) δ 43.3, 48.4, 112.5, 115.3 (d), 116.3 (d), 119.6 (d), 123.7, 124.3, 125.0, 
125.1 (d), 126.0, 126.2, 126.3, 127.2, 127.3 (q), 128.9 (d), 129.4 (d), 133.2 (d), 133.3 (d), 165.0, 185.0. 
HRMS (ESI-TOF) Calcd for C22H17F5NO+ ([M+H]+) 406.1225. Found 406.1220. 
 

 
5h: (Z)-4,5-bis(4-bromophenyl)-3-((dimethylamino)methylene)-2-(trifluoromethyl)cyclopenta-1,4-dienecarbaldehyde 
Green crystals, m.p. 279–281 oC, 85% yield. 
1H NMR (CDCl3, 500 MHz) δ 2.70 (s, 3H), 3.38 (s, 3H), 6.77 (d, J = 8.5 Hz, 2H), 6.93 (d, J = 8.0 Hz, 2H), 
7.32–7.35 (m, 4H), 8.30 (s, 1H), 10.02 (s, 1H). 
13C NMR (CDCl3, 125 MHz) δ 43.3, 48.2, 120.3, 120.4, 128.8, 129.4, 130.6, 130.9, 131.4, 131.7, 132.5, 
132.6, 135.1, 136.3, 161.2, 186.8. 
HRMS (ESI-TOF) Calcd for C22H17Br2F3NO + ([M+H]+) 525.9624. Found 525.9625. 
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5i+5i’: 
(Z)-4,5-bis(2,4-dichlorophenyl)-3-((dimethylamino)methylene)-2-(trifluoromethyl)cyclopenta-1,4-dienecarbaldehyde 
Green crystals, 84% yield. 
1H NMR (CDCl3, 500 MHz):  
5i, δ 2.72 (s, 3H), 3.39 (s, 3H), 6.81 (d, J = 8.5 Hz, 1H), 7.03–7.07 (m, 2H), 7.30–7.33 (m, 3H), 8.16 (s, 
1H), 10.01 (s, 1H). 
5i’, δ 2.80 (s, 3H), 3.38 (s, 3H), 6.91–6.99 (m, 4H), 7.11 (dd, J = 8.0 Hz, 6.0 Hz, 1H), 7.27 (d, J = 2.0 Hz, 
1H), 8.24 (s, 1H), 10.01 (s, 1H). 
13C NMR (CDCl3, 125 MHz) δ 43.0, 43.2, 48.3, 111.1, 111.3, 124.6 (CF3, q, J = 268.8 Hz), 125.9, 126.4, 
126.9, 127.0, 127.5, 128.4, 128.9, 129.1, 129.4, 129.7, 129.8, 130.3, 132.3, 132.7, 132.8, 132.9, 133.1, 
133.2, 133.4, 133.5, 134.3, 134.4, 134.5, 134.8, 134.9, 135.0, 135.3, 135.6, 160.9, 185.9, 186.1. 
HRMS (ESI-TOF) Calcd for C22H15Cl4F3NO + ([M+H]+) 505.9854. Found 505.9879. 
 

 
5j: (Z)-4-(4-bromophenyl)-5-(4-chlorophenyl)-3-((dimethylamino)methylene)-2-(trifluoromethyl)cyclopenta 
-1,4-dienecarbaldehyde  
5j’: (Z)-4-(4-bromophenyl)-5-(4-chlorophenyl)-3-((dimethylamino)methylene)-2-(trifluoromethyl)cyclopenta 
-1,4-dienecarbaldehyde 
Green crystals, 5j/ 5j’ = 1.0/1.0, 92% yield. 
1H NMR (CDCl3, 500 MHz):  
5j +5j’ , δ 2.69 (s, 3H), 3.38 (s, 3H), 6.77 (d, J = 8.5 Hz, 1H), 6.83 (d, J = 8.0 Hz,1H), 6.93 (d, J = 8.5 Hz, 
1H), 6.99 (d, J = 8.5 Hz, 1H), 7.20 (m, 2H), 7.33 (m, 2H), 8.31 (s, 1H), 10.02 (s, 1H). 
13C NMR (CDCl3, 125 MHz) δ 43.2, 48.1, 120.2, 120.3, 124.6 (CF3, q, J = 268.8 Hz), 127.6, 128.7, 129.3, 
130.5, 131.0, 131.3, 131.6, 132.0, 132.1, 132.4, 132.4. 132.5, 134.5, 135.1, 135.8, 136.3, 161.1, 186.7. 
HRMS (ESI-TOF) Calcd for C22H17BrClF3NO + ([M+H]+) 482.0129. Found 482.0134. 
 

 
5k: (Z)-3-((dimethylamino)methylene)-5-(4-fluorophenyl)-4-(p-tolyl)-2-(trifluoromethyl)cyclopenta-1,4-dienecarbaldehyde
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5k’: (Z)-3-((dimethylamino)methylene)-4-(4-fluorophenyl)-5-(p-tolyl)-2-(trifluoromethyl)cyclopenta 
-1,4-dienecarbaldehyde  
Green crystals, 5k/ 5k’ = 1.5/1.0, 81% yield. 
1H NMR (CDCl3, 500 MHz): 
5k, δ 2.28 (s, 3H), 2.63 (s, 3H), 3.34 (s, 3H), 6.77 (d, J = 7.5 Hz, 2H), 6.86–6.90 (m, 6H), 8.30 (s, 1H), 9.96 (s, 
1H). 
5k’, δ 2.30 (s, 3H), 2.70 (s, 3H), 3.35 (s, 3H), 6.95 (d, J = 8.0 Hz, 2H), 6.99 (m, 3H), 7.02–7.06 (m, 3H), 8.32 (s, 
1H), 10.0 (s, 1H). 
13C NMR (CDCl3, 125 MHz) δ 21.0, 21.1, 29.6, 43.0, 48.0, 111.8 (d), 114.1 (d), 115.3 (d), 122.8 (CF3, q, J = 
270.0 Hz), 128.2, 129.1, 129.2, 129.7, 130.7, 130.9, 131.3 (d), 132.3 (d), 132.8, 133.6 (d), 134.3, 134.6, 
135.5(d), 160.4 (d), 161.6, 162.3 (d), 186.9, 187.2. 
HRMS (ESI-TOF) Calcd for C23H20F4NO+ ([M+H]+) 402.1476. Found 402.1479. 

 

5l: (Z)-3-((dimethylamino)methylene)-5-(4-fluorophenyl)-4-phenyl-2-(trifluoromethyl)cyclopenta-1,4-dienecarbaldehyde 
5l’:(Z)-3-((dimethylamino)methylene)-4-(4-fluorophenyl)-5-phenyl-2-(trifluoromethyl)cyclopenta-1,4-dienecarbaldehyde 
Green crystals, 5l/ 5l’ = 1.1/1.0, 86% yield. 
1H NMR (CDCl3, 500 MHz): 
5l, δ 2.60 (s, 3H), 3.35 (s, 3H), 6.88–6.89 (m, 9H), 8.35 (s, 1H), 10.01 (s, 1H). 
5l’ , δ 2.70 (s, 3H), 3.36 (s, 3H), 7.04–7.07 (m, 3H), 7.16– 7.19 (m, 6H), 8.33 (s, 1H), 9.96 (s, 1H). 
13C NMR (CDCl3, 125 MHz) δ 43.0, 43.2, 48.0, 48.1, 111.8 (d), 114.2 (d), 115.4 (d), 124.7 (CF3, q, J = 268.0 
Hz), 126.1 (d), 127.4, 128.4, 129.0 (q), 129.9, 130.9, 131.3 (d), 132.2, 132.4 (d), 132.8, 133.5 (d), 134.6, 136.0, 
137.5, 160.3 (d), 161.4,  161.5, 162.2 (d), 187.0, 187.2. 
HRMS (ESI-TOF) Calcd for C22H18F4NO+ ([M+H]+) 388.1319. Found 388.1307 . 
 

 
5m:(Z)-4-(4-chlorophenyl)-3-((dimethylamino)methylene)-5-methyl-2-(trifluoromethyl)cyclopenta-1,4-die
necarbaldehyde 
To a solution of 4m (78 mg, 0.3 mmol) in DMF (3 mL) was added POCl3 (3.0 equiv), and the reaction 
mixture was stirred at 75 oC for 0.5 h. After cooling to the room temperature, the reaction mixture was 
poured into water (10 mL), neutralized with saturated NaHCO3 to pH 7, and extracted with CH2Cl2 (10 mL 
× 3). The combined organic phase was washed with water (0.5 mL ×3), dried over anhydrous MgSO4, and 
concentrated in vacuo. The crude product was purified by flash chromatography (silica gel, petroleum 
ether : EtOAc = 4 : 1, V/V) to give 5m (86.1 mg, 84%).  
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Green crystals, m.p. 145–147 oC, 84% yield. 
1H NMR (CDCl3, 500 MHz) δ 2.28 (s, 3H), 2.55 (s, 3H), 3.30 (s, 3H), 7.07 (d, J = 8.5 Hz, 2H), 7.36 (d, J 
= 8.5 Hz, 2H), 8.13 (s, 1H), 10.25 (s, 1H). 
13C NMR (CDCl3, 125 M Hz) δ 13.3, 65.5, 111.7, 124.6 (q, J = 32.4 Hz), 124.9 (CF3, q, J = 269.0 Hz), 
128.8, 129.9, 130.9, 131.0, 132.1, 136.9, 158.3, 188.0. 
HRMS (ESI-TOF) Calcd for C17H16ClF3NO+ ([M+H]+) 342.0067. Found 342.0096. 
 
 
VI. Synthetic procedures and analytical data of 6 

 
 

General procedure (6a as an example): 
To a solution of 4a (315 mg, 1.0 mmol) and 1H-pyrrole-2,5-dione (194 mg, 2.0 mmol) in CH3CN (10 mL), 
was added CF3SO3H (87 μL, 1.0 mmol), and stirred under reflux. After 4a was consumed as indicated by 
TLC, the reaction mixture was cooled to the room temperature and poured into water (10 mL), and 
extracted with CH2Cl2 (10 mL × 3). The combined organic phase was washed with water (0.5 mL ×3), 
dried over anhydrous MgSO4, and concentrated in vacuo. The crude product was purified by flash 
chromatography (silica gel, petroleum ether : EtOAc = 30 : 1, V/V) to give 6a (391 mg, 95%). 
 

 
 
6a: 4,5-di-p-tolyl-7-(trifluoromethyl)-3a,4,7,7a-tetrahydro-1H-4,7-methanoisoindole-1,3(2H)-dione 
Colorless crystal, m.p. 233–234oC, 95% yield. 
1H NMR (CDCl3, 500 MHz) δ 2.06 (9.0 Hz, 1H), 2.22 (s, 3H), 2.33 (s, 3H), 2.53 (d, J = 9.0 Hz, 1H), 3.88 
(d, J = 7.5 Hz, 1H), 4.23 (d, J = 7.5 Hz, 1H), 6.42 (s, 1H), 6.90 (s, 4H), 7.14 (d, J = 8.0 Hz, 2H), 7.42 (d, J 
= 8.0 Hz, 2H), 7.74 (s, 1H). 
13C NMR (CDCl3, 125 MHz) δ 21.0, 21.1, 50.1 (d, J = 8.8 Hz), 57.8 (q, J = 31.8 Hz), 60.6, 64.0, 123.3, 
125.5 (CF3, q, J = 266.3 Hz), 127.0, 128.2, 128.7, 129.2, 129.5, 134.5, 135.0, 137.2, 138.1, 152.3, 173.6, 
175.6. 
HRMS (ESI-TOF) Calcd for C24H20F3NO2

+ ([M+H]+) 412.1519. Found 412.1563. 
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6e: 
4,5-bis(4-chlorophenyl)-7-(trifluoromethyl)-3a,4,7,7a-tetrahydro-1H-4,7-methanoisoindole-1,3(2H)-dione 
Colorless crystal, m.p. 245–246 oC, 91% yield. 
1H NMR (CDCl3, 500 MHz) δ 2.13 (d, J = 9.0 Hz, 1H), 2.54 (d, J = 9.0 Hz, 1H), 3.94 (d, J = 8.0 Hz, 1H), 
4.23 (d, J = 8.0 Hz, 1H), 6.52 (s, 1H), 6.92 (d, J = 8.5 Hz, 2H), 7.09 (d, J = 8.5 Hz, 2H), 7.33 (d, J = 8.5 Hz, 
2H), 7.47 (d, J = 8.5 Hz, 2H), 7.63 (s, 1H). 
13C NMR (CDCl3, 125 MHz) δ 50.0 (d, J = 7.0 Hz), 58.1 (q, J = 32.1 Hz), 60.7, 63.8, 125.2 (CF3, q, J = 
275.1 Hz), 125.3, 128.4, 128.5, 128.9, 129.7, 130.5, 133.8, 134.5, 135.5, 151.3, 172.7, 174.4. 
HRMS (ESI-TOF) Calcd for C22H16Cl2F3NO2

+ ([M+H]+) 453.0505. Found 453.0571. 
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        VII. Copies of 1H NMR , 13C NMR and 19F NMR spectra 
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        VIII. 1H-1H NOESY spectrum of 5m. 
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        IX. Crystal data and OPTEP drawing of compound 5b 
 
        1. ORTEP drawing of compound 5b 

        

F3C

OHC

Me2N

5b             

 
        2. Crystal data 

  5b: C22H18F3NO, colorless, Mr = 369.37, monoclinic, space group P2(1)/c, a = 17.229(3), b = 8.7040(9), c = 
12.3240(12) Å, α=90.000, β= 103.236(2), γ= 90.000º, V = 1799.0(4) Å3, Z = 4, ρcalcd = 1.364, T = 293(2) K, 
8807 reflections (3203 unique), 244 refined parameters, R1 = 0.0564 (I > 2σ(I)), wR2(F2) = 0.1370. The 
hydrogen atoms were refined as rigid groups. CCDC deposition number: 851500 (5b). These data can be obtained 
free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data 
Center, 12 Union Road, Cambridge CB21EZ, UK; fax: (+44)1223-336-033; or deposit@ccdc.cam.ac.uk). 
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