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1. General methods  

Unless otherwise noted, all reactions were carried out under ambient atmosphere; when the 

reactions required heating, the heat source was oil bath. 1H NMR (400 MHz), 13C NMR (100 or 150 

MHz) and 19F NMR (376 MHz) spectra were recorded on Varian INOVA-400/54, Agilent DD2-

600/54 or Bruker AscendTM 400 instruments (Chemical shifts were reported in ppm from 

tetramethylsilane with the solvent resonance as the internal standard in CDCl3 solution, unless 

otherwise noted). The following abbreviations were used to explain the multiplicities: s = singlet, d 

= doublet, t = triplet, dd = double doublet, ddd = double double doublet, dt = double triplet; td = triple 

doublet, m = multiplet, br = broad, and coupling constants (J) are reported in Hertz (Hz). ESI-HRMS 

was recorded on a Waters SYNAPT G2, Agilent G1969-85000 or Shimadzu LCMS-IT-TOF using a 

time-of-flight mass spectrometer equipped with electrospray ionization (ESI) source. X-ray 

diffraction experiments were carried out on an Agilent Gemini or Bruker D8 VENTURE and the data 

obtained were deposited at the Cambridge Crystallographic Data Centre. In each case, diastereomeric 

ratio was determined by 1H NMR analysis and enantiomeric ratio was determined by HPLC (Agilent 

Technologies: 1220 Infinity ІІ, 1200 Series, 1260 Infinity) analysis on a chiral column in comparison 

with authentic racemate, using a Daicel Chiralpak AD-H Column (250 × 4.6 mm), Chiralpak IA 

Column (250 × 4.6 mm), Chiralpak IB Column (250 × 4.6 mm), Chiralpak ID Column (250 × 4.6 

mm), Chiralpak IE Column (250 × 4.6 mm) or Chiralpak IG Column (250 × 4.6 mm). UV detection 

was monitored at 254 nm. The specific optical rotation was obtained from Rudolph Research 

Analytical Autopol I automatic polarimeter in CHCl3 solution at 25 C. The melting point was 

obtained from WRX-4 Mel-Temp apparatus. Column chromatography was performed on silica gel 

(300400 mesh) eluting with ethyl acetate (EtOAc) and petroleum ether. TLC was performed on 

glass-backed silica plates. UV light, I2, and solution of potassium permanganate were used to 

visualize products or starting materials. All chemicals were used without purification as commercially 

available unless otherwise noted. Petroleum ether (6090 °C) was redistilled. The tertiary amine 

catalysts C7C12,1 1-azadienes2 were prepared according to the literature procedures.  

 

2. Typical procedure for the preparation of substrate 1a 

 

 

Step 1: To a stirred solution of 2,2,2-trifluoro-1-phenylethanone (1.4 mL, 10 mmol, 1.0 equiv) in 

acrylonitrile (6.5 mL, 99 mmol, 10.0 equiv) was added DABCO (22.4 mg, 0.200 mmol, 20 mol%) 

and stirred at room temperature for 24 h. After completion (monitored by TLC), the acrylonitrile was 
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removed under reduced pressure, and the residue was purified by flash chromatography on silica gel 

(EtOAc/petroleum ether = 1/10) to give the compound S1 as a colorless oil in 97% yield (2.21 g, 9.74 

mmol).3  

Step 2: To a stirred solution of allylic alcohol S1 (1.14 g, 5.02 mmol, 1.0 equiv) in THF was added 

NaOH (400 mg, 10.0 mmol, 2.0 equiv) and stirred at room temperature for 20 min. Then a solution 

of Boc2O (1.31 g, 6.01 mmol, 1.2 equiv) in THF was added slowly, and the mixture was stirred at 

room temperature for 3 h. After completion (monitored by TLC), the reaction was quenched with 

water and extracted with EtOAc. The combined organic phases were dried over Na2SO4 and the 

solvent was removed under reduced pressure. The residue was purified by flash chromatography on 

silica gel (petroleum ether) to give compound 1a as a colorless oil in 25% yield (412 mg, 1.26 mmol).  

 

tert-Butyl (3-cyano-1,1,1-trifluoro-2-phenylbut-3-en-2-yl) carbonate (1a): as a 

colorless oil; 412 mg, yield 25%; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.59–7.50 

(m, 2H), 7.50–7.36 (m, 3H), 6.50 (s, 1H), 6.38 (s, 1H), 1.47 (s, 9H); 13C NMR (100 

MHz, CDCl3): δ (ppm) 149.3, 136.6 (q, J = 1.9 Hz), 131.3, 130.0, 128.6, 127.3 (q, J = 1.7 Hz), 122.8 

(q, J = 285.2 Hz), 120.6, 115.7, 84.9, 82.5 (q, J = 29.8 Hz), 27.5; HRMS (ESI-TOF) m/z: [M  Na] 

Calcd for C16H16F3NO3Na 350.0974; Found 350.0972.  

 

tert-Butyl (3-cyano-1,1,1-trifluoro-2-(4-methoxyphenyl)but-3-en-2-yl) 

carbonate (1d): as a colorless oil; 520 mg, yield 29%; 1H NMR (400 MHz, 

CDCl3): δ (ppm) 7.56–7.41 (m, 2H), 7.02–6.89 (m, 2H), 6.50 (t, J = 0.8 Hz, 

1H), 6.40–6.30 (m, 1H), 3.83 (s, 3H), 1.47 (s, 9H); 13C NMR (100 MHz, 

CDCl3): δ (ppm) 160.7, 149.4, 136.3 (q, J = 1.7 Hz), 128.9 (q, J = 1.7 Hz), 123.0, 122.9 (q, J = 285.2 

Hz), 120.8, 115.8, 113.9, 84.7, 82.6 (q, J = 29.9 Hz), 55.3, 27.5; HRMS (ESI-TOF) m/z: [M  H] 

Calcd for C17H19F3NO4
 358.1261; Found 358.1259.  

 

tert-Butyl (3-cyano-1,1,1-trifluoro-2-(naphthalen-2-yl)but-3-en-2-yl) 

carbonate (1f): as a yellow semi-solid; 587 mg, yield 31%; 1H NMR (400 

MHz, CDCl3): δ (ppm) 8.11–8.03 (m, 1H), 7.97–7.80 (m, 3H), 7.67.45 (m, 

3H), 6.57 (s, 1H), 6.44 (s, 1H), 1.48 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 

(ppm) 149.4, 136.7, 133.5, 132.5, 128.8, 128.6, 128.5, 127.8, 127.63, 127.55, 126.9, 123.7 (q, J = 1.9 

Hz), 122.9 (q, J = 285.6 Hz), 120.7, 115.7, 85.0, 82.8 (q, J = 29.7 Hz), 27.5; HRMS (ESI-TOF) m/z: 

[M  H] Calcd for C20H19F3NO3
 378.1312; Found 378.1316.  
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tert-Butyl (3-cyano-1,1,1-trifluoro-2-(thiophen-2-yl)but-3-en-2-yl) carbonate 

(1g): as a yellow oil; 568 mg, yield 34%; 1H NMR (400 MHz, CDCl3): δ (ppm) 

7.587.51 (m, 1H), 7.487.42 (m, 2H), 6.52 (s, 1H), 6.39 (s, 1H), 1.47 (s, 9H); 13C 

NMR (150 MHz, CDCl3): δ (ppm) 149.4, 136.5, 131.3, 130.0, 128.6, 127.3, 122.8 (q, J = 285.3 Hz), 

120.6, 115.7, 84.9, 82.6 (q, J = 29.6 Hz), 27.5; HRMS (ESI-TOF) m/z: [M  Na] Calcd for 

C14H14F3NO3Na 356.0539; Found 356.0541.  

 

3. More screening conditions for divergent annulations of MBH carbonate 1a with 1-azadiene 

2a  

3.1 -[3+2] annulation of MBH carbonate 1a with 1-azadiene 2aa 

 

Entry C Solvent T (C) Yield (%)b 

[3a+4a] 

3a/4ac ee (%)d 

1 DMAP toluene rt messy / / 

2 PPh3 toluene rt trace / / 

3e C1 toluene rt 72 6/1 96 

4 C1 toluene 40 67 6/1 96 

5 C1 PhCF3 40 66 4/1 89 

6 C1 CHCl3 40 40 6/1 98 

7 C1 THF 40 67 4/1 92 

8 C1 CH3CN 40 bad conv. / / 

aUnless noted otherwise, reactions were performed using 1a (0.075 mmol, 1.5 equiv), 2a (0.05 

mmol, 1.0 equiv), C1 (5 mol%) in toluene (0.5 mL) for 24 h. bYield of the inseparable 3a and 

4a. cDetermined by 1H NMR analysis, >19:1 dr by 1H NMR analysis. dUnless noted, for product 

3a, determined by HPLC analysis using a chiral stationary phase. eC1 (10 mol%) was used. 

 

3.2 Catalyst-controlled -[4+1] annulation of MBH carbonate 1a with 1-azadiene 2aa  
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Entry C Solvent Yield (%)b ee (%)c 

1d C8 toluene 80 21 

2 C9 toluene 73 60 

3 C10 toluene 67 55 

4e C9 toluene 85 60 

5e C9 PhCF3 87 55 

6e C9 CHCl3 67 56 

7e C9 THF 73 59 

8e C9 CH3CN 73 57 

9e,f C9 toluene 81 61 

10e,g C9 toluene 83 63 

11e,g C11 toluene 63 79 

12e,g C12 toluene 75 60 

13e,g C7 toluene 91 96 

aUnless noted otherwise, reactions were performed using 1a (0.0375 mmol, 1.5 

equiv), 2a (0.025 mmol, 1.0 equiv) and C (10 mol%) in solvent (0.25 mL) at room 

temperature for 12 h. bYield of isolated product. cDetermined by HPLC analysis 

using a chiral stationary phase; >19:1 dr by 1H NMR analysis. dFor 10 min. e10.0 

mg 4 Å MS was used. fAt 5 C. gAt 10 C.  

 

3.3 Catalyst-controlled enantiodivergent -[4+1] annulation of MBH carbonate 1a with 1-

azadiene 2aa 

 

Entry C6 (x mol%) Solvent Yield (%)b ee (%)c 

1 5 toluene 33 92 
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2 20 toluene 53 95 

3d 20 dry toluene [3a+4a]/5a = 1/2 / 

4e 20 toluene Messy / 

5f 20 toluene 45 91 

6 20 PhCF3 60 96 

7 20 CHCl3 46 92 

8 20 THF bad conv. / 

9 20 CH3CN messy / 

10g 10 PhCF3 61 98 

11g,h 10 PhCF3 65 98 

aUnless noted otherwise,reactions were performed using 1a (0.075 mmol, 1.5 

equiv), 2a (0.05 mmol, 1.0 equiv) and C6 (x mol%) in solvent (0.5 mL) at 40 C 

for 24 h. bYield of isolated product ent-5a. cUnless noted, for product ent-5a, 

determined by HPLC analysis using a chiral stationary phase; >19:1 dr by 1H NMR 

analysis. d20.0 mg 4Å MS was used. et-BuOH/toluene = 1/10; fAt 60 C. gFor 36 h. 

h1a (0.1 mmol, 2.0 equiv) was added in two portions.  

 

3.4 Substrate-controlled -[4+3] annulation of MBH carbonate 1a or 1j with 1-azadiene 2aa 

 

 

4. General procedure for divergent annulations of MBH carbonates with 1-azadienes  

4.1 General procedure for asymmetric -[3+2] annulations of MBH carbonates 1 with 1-

azadienes 2  
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Synthesis of 3: A mixture of MBH carbonate 1 (0.15 mmol, 1.5 equiv), 1-azadiene 2 (0.10 mmol, 1.0 

equiv), C1 (1.7 mg, 2 mol%) and 4 Å MS (40.0 mg) in toluene (1.0 mL) was stirred at 40 C for 24 

h, and the reaction was monitored by TLC. After completion, the product 3 was obtained by flash 

chromatography on silica gel (EtOAc/petroleum ether).  

Synthesis of ent-3: A mixture of MBH carbonate 1 (0.15 mmol, 1.5 equiv), 1-azadiene 2 (0.10 mmol, 

1.0 equiv), C2 (4.3 mg, 5 mol%) and 4 Å MS (40.0 mg) in toluene (1.0 mL) was stirred at 40 C for 

24 h, and the reaction was monitored by TLC. After completion, the product ent-3 was obtained by 

flash chromatography on silica gel (EtOAc/petroleum ether).  

Synthesis of racemic 3: The racemates could not be obtained under the catalysis of DABCO. So the 

mixture of chiral catalyst C1 and its pseudo-enantiomer C2 was used for the preparation of the 

samples for determining the peaks of the enantiomers.  

 

Synthesis of 3a: A mixture of tert-butyl (3-cyano-1,1,1-trifluoro-2-phenyl but-

3-en-2-yl)carbonate 1a (49.1 mg, 0.150 mmol, 1.5 equiv), N-((Z)-2- 

benzylidenebenzo[b]thiophen-3(2H)-ylidene)-4-methylbenzenesulfonamide 

2a (39.1 mg, 0.0997 mmol, 1.0 equiv), C1 (1.7 mg, 2 mol%) and 4 Å MS (40.0 

mg) in toluene (1.0 mL) was stirred at 40 C for 24 h, and the reaction was 

monitored by TLC. After completion, the crude product was purified by flash chromatography on 

silica gel (EtOAc/petroleum ether = 1/20 to 1/10) to give a mixture of products 3a and 4a (3a:4a = 

10:1): 53.0 mg (0.0882 mmol), as a yellow solid, 88% yield; mp = 105107 °C; [α]D
25 = 191.0 (c = 

0.40 in CHCl3); >19:1 dr; 97% ee, determined by HPLC analysis (Daicel Chiralpak AD-H, n-

hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, l = 254 nm) tR = 12.51 min (major), tR = 26.70 min 

(minor); 1H NMR (400 MHz, CDCl3): δ (ppm) 8.69 (d, J = 8.0 Hz, 1H), 7.87 (d, J = 8.0 Hz, 2H), 

7.50 (t, J = 7.6 Hz, 1H), 7.39 (d, J = 8.0 Hz, 2H), 7.34–7.28 (m, 2H), 7.27–7.02 (m, 10H), 6.93 (s, 

1H), 4.61 (s, 1H), 2.54 (s, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 180.7, 151.9, 151.6, 143.9, 

138.7, 137.0, 135.4, 132.7, 132.0, 123.0, 129.7, 129.0, 128.8, 128.5, 127.8, 126.8 (q, J = 2.5 Hz), 

126.7, 126.3, 125.9, 125.7 (q, J = 283.3 Hz), 123.5, 118.7,113.5, 75.2, 68.0, 66.7 (q, J = 25.6 Hz), 

21.7; 19F NMR (376 MHz, CDCl3): δ (ppm) 61.0; HRMS (ESI-TOF) m/z: [M  H] Calcd for 

C33H24F3O2S2
 601.1226; Found 601.1227.  

Synthesis of ent-3a: A mixture of tert-butyl (3-cyano-1,1,1-trifluoro-2-phenylbut-3-en-2-yl) 

carbonate 1a (49.1 mg, 0.150 mmol, 1.5 equiv), N-((Z)-2-benzylidenebenzo[b]thiophen-3(2H)- 
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ylidene)-4-methylbenzenesulfonamide 2a (39.1 mg, 0.0997 mmol, 1.0 equiv), C2 (4.3 mg, 5 mol%) 

and 4 Å MS (40.0 mg) in toluene (1.0 mL) was stirred at 40 C for 24 h, and the reaction was 

monitored by TLC. After completion, the crude product was purified by flash chromatography on 

silica gel (EtOAc/petroleum ether = 1/20 to 1/10) to give a mixture of products ent-3a and ent-4a 

(ent-3a:ent-4a = 8:1): 37.0 mg (0.0616 mmol), as a yellow solid, 62% yield; [α]D
25 = 169.6 (c = 

0.50 in CHCl3); >19:1 dr; 96% ee, determined by HPLC analysis (Daicel Chiralpak AD-H, n-

hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, l = 254 nm) tR = 12.51 min (minor), tR = 26.51 min 

(major).  

 

Synthesis of 3b: A mixture of tert-butyl (3-cyano-1,1,1-trifluoro-2-(4- 

methoxyphenyl)but-3-en-2-yl)carbonate 1d (53.6 mg, 0.150 mmol, 1.5 equiv), 

N-((Z)-2-benzylidenebenzo[b]thiophen-3(2H)-ylidene)-4-methylbenzene 

sulfonamide 2a (39.1 mg, 0.0997 mmol, 1.0 equiv), C1 (1.7 mg, 2 mol%) and 

4 Å MS (40.0 mg) in toluene (1.0 mL) was stirred at 40 C for 24 h, and the 

reaction was monitored by TLC. After completion, the crude product was 

purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1/10) 

to give the product 3b: 56.0 mg (0.0887 mmol), as a yellow solid, 89% yield; mp = 171173 C; 

[α]D
25 = 218.5 (c = 0.40 in CHCl3); >19:1 dr; 93% ee, determined by HPLC analysis (Daicel 

Chiralpak ID, n-hexane/i-PrOH = 60/40, flow rate = 1.0 mL/min, l = 254 nm) tR = 16.35 min (major), 

tR = 19.64 min (minor); 1H NMR (400 MHz, CDCl3): δ (ppm) 8.69 (d, J = 8.0 Hz, 1H), 7.93–7.84 (m, 

2H), 7.527.45 (m, 1H), 7.40 (d, J = 8.0 Hz, 2H), 7.29 (d, J = 8.4 Hz, 1H), 7.24–7.16 (m, 2H), 

7.157.04 (m, 6H), 6.89 (s, 1H), 6.73–6.59 (m, 2H), 4.59 (s, 1H), 3.80 (s, 3H), 2.54 (s, 3H); 13C NMR 

(100 MHz, CDCl3): δ (ppm) 180.8, 159.3, 151.7 151.5, 143.9, 138.7, 137.0, 132.6, 132.0, 130.1, 

129.7, 128.7, 128.1 (q, J = 2.5 Hz), 127.8, 127.1, 126.7, 126.2, 125.3 (q, J = 283.4 Hz), 125.8, 123.5, 

119.0, 114.2, 113.6, 75.0, 68.1, 66.2 (q, J = 25.5 Hz), 55.1, 21.6; 19F NMR (376 MHz, CDCl3): δ 

(ppm) 61.3; HRMS (ESI-TOF) m/z: [M  Na] Calcd for C34H25F3N2O3S2Na 653.1151; Found 

653.1150.  

 

Synthesis of 3c: A mixture of tert-butyl (3-cyano-1,1,1-trifluoro-2-(naphthalen-

2-yl)but-3-en-2-yl)carbonate 1f (57.0 mg, 0.151 mmol, 1.5 equiv), N-((Z)-2-

benzylidenebenzo[b]thiophen-3(2H)-ylidene)-4-methylbenzenesulfonamide 2a 

(39.1 mg, 0.0997 mmol, 1.0 equiv), C1 (1.7 mg, 2 mol%) and 4 Å MS (40.0 mg) 

in toluene (1.0 mL) was stirred at 40 C for 24 h, and the reaction was monitored 

by TLC. After completion, the crude product was purified by flash 

chromatography on silica gel (EtOAc/petroleum ether =1/20 to 1/10) to give the product 3c: 60.0 mg 
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(0.0922 mmol), as a yellow solid, 92% yield; mp = 116118 °C; [α]D
25 = +106.0 (c = 0.70 in 

CHCl3); >19:1 dr; 96% ee, determined by HPLC analysis (Daicel Chiralpak AD-H, n-hexane/i-PrOH 

= 80/20, flow rate = 1.0 mL/min, l = 254 nm) tR = 16.07 min (major), tR = 28.63 min (minor); 1H 

NMR (400 MHz, CDCl3): δ (ppm) 8.72 (d, J = 8.0 Hz, 1H), 7.86–7.82 (m, 2H), 7.827.77 (m, 1H), 

7.73 (d, J = 2.4 Hz, 1H), 7.667.62 (m, 1H), 7.57–7.47 (m, 4H), 7.31 (d, J = 8.0 Hz, 1H), 7.28–7.14 

(m, 5H), 7.13–7.02 (m, 4H), 6.98 (s, 1H), 4.76 (s, 1H), 2.47 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 

(ppm) 180.5, 152.0, 151.5, 143.8, 138.6, 137.0, 132.8, 132.7, 132.6, 132.3, 132.1, 130.0, 129.7 (2C), 

128.9, 128.8, 128.7, 127.9, 127.3, 127.1, 126.7 (2C), 126.6, 126.2, 125.9, 125.8 (q, J = 283.5 Hz), 

123.8 (d, J = 2.1 Hz), 123.5, 118.6, 75.3, 67.4, 66.9 (q, J = 25.6 Hz), 21.6; 19F NMR (376 MHz, 

CDCl3): δ (ppm) 60.9; HRMS (ESI-TOF) m/z: [M  Na] Calcd for C37H25F3N2O2S2Na 673.1202; 

Found 673.1203.  

 

Synthesis of 3d: A mixture of tert-butyl (3-cyano-1,1,1-trifluoro-2-(thiophen-

2-yl)but-3-en-2-yl)carbonate 1g (50.0 mg, 0.150 mmol, 1.5 equiv), N-((Z)-2-

benzylidenebenzo[b]thiophen-3(2H)-ylidene)-4-methylbenzenesulfonamide 

2a (39.1 mg, 0.0997 mmol, 1.0 equiv), C1 (1.7 mg, 2 mol%) and 4 Å MS (40.0 

mg) in toluene (1.0 mL) was stirred at 40 C for 24 h, and the reaction was 

monitored by TLC. After completion, the crude product was purified by flash chromatography on 

silica gel (EtOAc/petroleum ether =1/20 to 1/10) to give the product 3d: 41.2 mg (0.0679 mmol), as 

a yellow solid, 68% yield; mp = 99101 °C; [α]D
25 = 252.6 (c = 0.50 in CHCl3); >19:1 dr; >99% ee, 

determined by HPLC analysis (Daicel Chiralpak AD-H, n-hexane/i-PrOH = 80/20, flow rate = 1.0 

mL/min, l = 254 nm) tR = 13.51 min (major), tR = 27.15 min (minor); 1H NMR (400 MHz, CDCl3): 

δ (ppm) 8.68 (d, J = 8.4 Hz, 1H), 7.93–7.88 (m, 2H), 7.537.47 (m, 1H), 7.38 (d, J = 8.2 Hz, 2H), 

7.29 (dt, J = 8.0, 0.8 Hz, 1H), 7.27–7.19 (m, 3H), 7.15 (d, J = 4.4 Hz, 4H), 6.986.94 (m, 1H), 

6.946.90 (m, 1H), 6.89 (s, 1H), 4.71 (d, J = 1.2 Hz, 1H), 2.52 (s, 3H); 13C NMR (100 MHz, CDCl3): 

δ (ppm) 179.8, 151.7, 151.2, 143.9, 138.6, 137.4, 137.0, 132.7, 132.2 (q, J = 2.0 Hz), 129.7, 129.6, 

129.0, 127.9, 127.3 (q, J = 2.4 Hz), 127.2, 126.9, 126.2, 126.1, 125.9, 125.1 (q, J = 283.5 Hz), 123.5, 

118.3, 113.3, 74.8, 67.4, 64.4 (q, J = 27.1 Hz), 21.7; 19F NMR (376 MHz, CDCl3): δ (ppm) 63.7; 

HRMS (ESI-TOF) m/z: [M  Na] Calcd for C31H21F3N2O2S3Na 629.0609; Found 629.0611.  

 

Synthesis of 3e: A mixture of 1-ethyl 4-methyl 2-((tert-butoxycarbonyl) 

oxy)-3-methylene-2-(trifluoromethyl)succinate 1i (53.4 mg, 0.150 mmol, 

1.5 equiv), N-((Z)-2-benzylidenebenzo[b]thiophen-3(2H)-ylidene)-4- 

methylbenzenesulfonamide 2a (39.1 mg, 0.0997 mmol, 1.0 equiv), C1 (4.3 

mg, 5 mol%) and 4 Å MS (40.0 mg) in toluene (1.0 mL) was stirred at 50 °C for 5 days, and the 
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reaction was monitored by TLC. After completion, the crude product was purified by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1/10 to 1/5) to give the product 3e: 47.5 mg 

(0.0754 mmol), as a yellow solid, 75% yield; mp = 8587 °C; [α]D
25 = 358.0 (c = 0.60 in 

CHCl3); >19:1 dr; >99% ee, determined by HPLC analysis (Daicel Chiralpak AD-H, n-hexane/i-

PrOH = 60/40, flow rate = 1.0 mL/min, l = 254 nm) tR = 21.59 min (minor), tR = 27.12 min (major); 

1H NMR (400 MHz, CDCl3): δ (ppm) 8.71 (d, J = 8.0 Hz, 1H), 8.02–7.93 (m, 2H), 7.47–7.41 (m, 

1H), 7.40 (d, J = 8.0 Hz, 2H), 7.23–7.12 (m, 5H), 7.067.01 (m, 2H), 6.93 (s, 1H), 4.88 (s, 1H), 4.40–

4.15 (m, 2H), 3.78 (s, 3H), 2.49 (s, 3H), 1.25 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 

(ppm) 180.4, 166.3, 162.4, 151.6, 147.3, 143.8, 138.7, 136.5, 135.0, 132.6, 132.4, 130.6, 129.5, 128.6, 

128.0, 126.8, 126.5, 125.5, 124.5 (q, J = 282.4 Hz), 123.5, 75.9, 67.6 (q, J = 26.6 Hz), 62.6, 59.3, 

52.3, 21.6, 13.6; 19F NMR (376 MHz, CDCl3): δ (ppm) 66.5; HRMS (ESI-TOF) m/z: [M  H] 

Calcd for C31H27F3NO6S2
 630.1226; Found 630.1226.  

Synthesis of ent-3e: A mixture of 1-ethyl 4-methyl 2-((tert-butoxycarbonyl)oxy)-3-methylene-2- 

(trifluoromethyl)succinate 1i (53.4 mg, 0.150 mmol, 1.5 equiv), N-((Z)-2-benzylidenebenzo 

[b]thiophen-3(2H)-ylidene)-4-methylbenzenesulfonamide 2a (39.1 mg, 0.0997 mmol, 1.0 equiv), C2 

(8.6 mg, 10 mol%) and 4 Å MS (40.0 mg) in toluene (1.0 mL) was stirred at 50 C for 5 days, and 

the reaction was monitored by TLC. After completion, the crude product was purified by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1/10 to 1/5) to give the product ent-3e: 51.3 

mg (0.0814 mmol), as a yellow solid, 81% yield; [α]D
25 = 349.4 (c = 0.67 in CHCl3); >19:1 dr; >99% 

ee, determined by HPLC analysis (Daicel Chiralpak AD-H, n-hexane/i-PrOH = 60/40, flow rate = 1.0 

mL/min, l = 254 nm) tR = 21.55 min (major), tR = 26.67 min (minor).  

 

Synthesis of 3f: A mixture of tert-butyl (3-cyano-1,1,1-trifluoro-2-phenylbut-

3-en-2-yl)carbonate 1a (49.1 mg, 0.150 mmol, 1.5 equiv), N-((Z)-2-(4-

chlorobenzylidene)benzo[b]thiophen-3(2H)-ylidene)-4-methylbenzene 

sulfonamide 2b (42.6 mg, 0.100 mmol, 1.0 equiv), C1 (1.7 mg, 2 mol%) and 4 

Å MS (40.0 mg) in toluene (1.0 mL) was stirred at 40 C for 24 h, and the 

reaction was monitored by TLC. After completion, the crude product was 

purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1/20 to 1/10) to give a 

mixture of products 3f and 4f (3f:4f = 8:1): 58.0 mg (0.0913 mmol), as a yellow solid, 91% yield; mp 

= 106107 °C; [α]D
25 = 222.2 (c = 0.65 in CHCl3); >19:1 dr; >99% ee, determined by HPLC analysis 

(Daicel Chiralpak AD-H, n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, l = 254 nm) tR = 12.65 

min (major), tR = 17.65 min (minor); 1H NMR (400 MHz, CDCl3): δ (ppm) 8.70 (d, J = 8.0 Hz, 1H), 

7.89–7.83 (m, 2H), 7.53 (ddd, J = 8.0, 6.8, 1.2 Hz, 1H), 7.39 (d, J = 8.0 Hz, 2H), 7.34–7.29 (m, 2H), 

7.27–7.22 (m, 1H), 7.21–7.14 (m, 4H), 7.12–7.07 (m, 2H), 7.00 (d, J = 8.4 Hz, 2H), 6.93 (s, 1H), 4.57 



 
 

S11 

 

(s, 1H), 2.54 (s, 3H); 13C NMR (150 MHz, CDCl3): δ (ppm) 180.4, 151.7, 151.3, 144.0, 138.5, 137.2, 

135.1, 135.0, 133.2, 132.7, 130.6, 129.7, 129.0, 128.7, 128.4, 128.1, 126.7 (2C), 126.1, 125.6 (q, J = 

284.1 Hz), 123.5, 118.7, 113.4, 74.9, 67.5, 66.6 (q, J = 25.7 Hz), 21.7; 19F NMR (376 MHz, CDCl3): 

δ (ppm) 60.9; HRMS (ESI-TOF) m/z: [M  H] Calcd for C33H23
35ClF3N2O2S2

 635.0836; Found 

635.0838; Calcd for C33H23
37ClF3N2O2S2

 637.0807; Found 637.0787.  

 

Synthesis of 3g: A mixture of tert-butyl (3-cyano-1,1,1-trifluoro-2-phenylbut-

3-en-2-yl)carbonate 1a (49.1 mg, 0.150 mmol, 1.5 equiv), N-((Z)-2-(4-

bromobenzylidene)benzo[b]thiophen-3(2H)-ylidene)-4-methylbenzene 

sulfonamide 2c (47.0 mg, 0.100 mmol, 1.0 equiv), C1 (1.7 mg, 2 mol%) and 4 

Å MS (40.0 mg) in toluene (1.0 mL) was stirred at 40 C for 24 h, and the 

reaction was monitored by TLC. After completion, the crude product was 

purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1/20 to 1/10) to give a 

mixture of products 3g and 4g (3g:4g = 10:1): 60.0 mg (0.0882 mmol), as a yellow solid, 88% yield; 

mp = 100101 °C; [α]D
25 = 216.0 (c = 0.60 in CHCl3); >19:1 dr; 98% ee, determined by HPLC 

analysis (Daicel Chiralpak AD-H, n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, l = 254 nm) tR 

= 14.07 min (major), tR = 20.43 min (minor); 1H NMR (400 MHz, CDCl3): δ (ppm) 8.70 (d, J = 8.0 

Hz, 1H), 7.86 (d, J = 7.6 Hz, 2H), 7.54 (t, J = 7.6 Hz, 1H), 7.46–7.37 (m, 2H), 7.37–7.22 (m, 5H), 

7.22–7.11 (m, 4H), 6.98–6.87 (m, 3H), 4.55 (s, 1H), 2.54 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 

(ppm) 180.4, 151.7, 151.3, 144.0, 138.5, 137.2, 135.1, 133.5, 132.7, 131.1, 129.7, 129.00, 128.96, 

128.7, 127.7, 126.73, 126.70, 126.1, 125.6 (q, J = 283.5 Hz), 123.6, 123.4, 118.7, 113.4, 74.8, 67.5, 

66.6 (q, J = 25.6 Hz), 21.7; 19F NMR (376 MHz, CDCl3): δ (ppm) 60.9; HRMS (ESI-TOF) m/z: [M 

 H] Calcd For C33H23
79BrF3N2O2S2

 679.0331; Found 679.0336; Calcd for C33H23
81BrF3N2O2S2

 

681.0310; Found 681.0300.  

 

Synthesis of 3h: A mixture of tert-butyl (3-cyano-1,1,1-trifluoro-2-phenyl but-

3-en-2-yl)carbonate 1a (49.1 mg, 0.150 mmol, 1.5 equiv), 4-methyl-N-((Z)-2-(4-

methylbenzylidene)benzo[b]thiophen-3(2H)-ylidene)benzenesulfonamide 2d 

(40.6 mg, 0.100 mmol, 1.0 equiv), C1 (1.7 mg, 2 mol%) and 4 Å MS (40.0 mg) 

in toluene (1.0 mL) was stirred at 40 C for 24 h, and the reaction was monitored 

by TLC. After completion, the crude product was purified by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1/10) to give a mixture of products 3h and 

4h (3h:4h = 13:1): 59.0 mg (0.0959 mmol), as a yellow solid, 96% yield; mp = 107109 °C; [α]D
25 

= 221.8 (c = 0.65 in CHCl3); >19:1 dr; 98% ee, determined by HPLC analysis (Daicel Chiralpak 

AD-H, n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, l = 254 nm) tR = 11.09 min (major), tR = 
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19.69 min (minor); 1H NMR (400 MHz, CDCl3): δ (ppm) 8.70 (d, J = 8.0 Hz, 1H), 7.90–7.83 (m, 

2H), 7.577.46 (m, 1H), 7.38 (d, J = 8.0 Hz, 2H), 7.34–7.27 (m, 2H), 7.247.18 (m, 1H), 7.16 (d, J 

= 4.8 Hz, 4H), 6.98–6.89 (m, 5H), 4.58 (d, J = 1.6 Hz, 1H), 2.53 (s, 3H), 2.21 (s, 3H); 13C NMR (100 

MHz, CDCl3): δ (ppm) 180.7, 152.0, 151.7, 143.9, 138.69, 138.66, 137.0, 135.5, 132.7, 131.9, 129.6, 

128.8, 128.6, 128.4, 126.82, 126.78, 126.7, 126.2, 125.8, 125.7 (q, J = 283.7 Hz), 123.5, 118.7, 113.6, 

75.2, 67.8, 66.6 (q, J = 25.3 Hz), 21.6, 21.0; 19F NMR (376 MHz, CDCl3): δ (ppm) 61.0; HRMS 

(ESI-TOF) m/z: [M  Na] Calcd for C34H25F3N2O2S2Na 637.1202; Found 637.1199.  

 

Synthesis of 3i: A mixture of tert-butyl (3-cyano-1,1,1-trifluoro-2-phenylbut-

3-en-2-yl)carbonate 1a (49.1 mg, 0.150 mmol, 1.5 equiv), 4-methyl-N-((Z)-2-

(thiophen-2-ylmethylene)benzo[b]thiophen-3(2H)-ylidene)benzene 

sulfonamide 2e (39.8 mg, 0.100 mmol, 1.0 equiv), C1 (1.7 mg, 2 mol%) and 4 

Å MS (40.0 mg) in toluene (1.0 mL) was stirred at 40 C for 24 h, and the 

reaction was monitored by TLC. After completion, the crude product was 

purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1/20 to 1/10) to give a 

mixture of products 3i and 4i (3i:4i = 10:1): 53.0 mg (0.0873 mmol), as a yellow solid, 87% yield; 

mp = 106108 C; [α]D
25 = 147.5 (c = 0.32 in CHCl3); >19:1 dr; 97% ee, determined by HPLC 

analysis (Daicel Chiralpak AD-H, n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, l = 254 nm) tR 

= 15.24 min (major), tR = 29.16 min (minor); 1H NMR (400 MHz, CDCl3): δ (ppm) 8.76 (d, J = 8.4 

Hz, 1H), 7.88 (d, J = 8.4 Hz, 2H), 7.61–7.54 (m, 1H), 7.39 (d, J = 8.0 Hz, 3H), 7.367.31 (m, 1H), 

7.31–7.23 (m, 1H), 7.23–7.09 (m, 5H), 6.90 (s, 1H), 6.84 (dd, J = 5.2, 3.6 Hz, 1H), 6.79 (d, J = 3.6 

Hz, 1H), 4.98 (s, 1H), 2.54 (s, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 180.6, 152.0, 151.2, 143.9, 

138.6, 137.2, 134.9, 132.8, 130.9, 130.8, 129.9, 129.7, 129.0, 128.6, 127.0 (q, J = 2.5 Hz), 126.8, 

126.7, 126.5, 126.1, 125.4 (q, J = 283.3 Hz), 123.7, 118.7, 113.3, 74.9, 66.8 (q, J = 25.1 Hz), 63.5, 

21.7; 19F NMR (376 MHz, CDCl3): δ (ppm) 61.9; HRMS (ESI-TOF) m/z: [M  H] Calcd for 

C31H22F3N2O2S3
 607.0790; Found 607.0791.  

 

4.2 General procedure for asymmetric -[3+2] annulations of MBH carbonates 1 with 1-

azadienes 6  

 

Synthesis of 7: To a mixture of 1-azadiene 6 (0.10 mmol, 1.0 equiv), C1 (4.3 mg, 5 mol%) and 4 Å 

MS (40.0 mg) in toluene (1.0 mL) was added MBH carbonate 1 (0.15 mmol, 1.5 equiv) in two potions 
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(generally at 0 h, 18 h, respectively). The mixture was stirred at 40 C for 3660 h, and the reaction 

was monitored by TLC. After completion, the product 7 was obtained after the purification by flash 

chromatography on silica gel (EtOAc/petroleum ether).  

Synthesis of ent-7: To a mixture of 1-azadiene 6 (0.10 mmol, 1.0 equiv), C2 (4.3 mg, 5 mol%) and 

4 Å MS (40.0 mg) in toluene (1.0 mL) was added MBH carbonate 1 (0.15 mmol, 1.5 equiv) in two 

potions (generally at 0 h, 18 h, respectively). The mixture was stirred at 40 C for 3660 h, and the 

reaction was monitored by TLC. After completion, the product ent-7 was obtained after the 

purification by flash chromatography on silica gel (EtOAc/petroleum ether).  

Synthesis of racemic 7: The racemates could not be obtained under the catalysis of DABCO. So the 

mixture of chiral catalyst C1 and its pseudo-enantiomer C2 was used for the preparation of the 

samples for determining the peaks of the enantiomers.  

 

Synthesis of 7a: To a mixture of N-((Z)-2-benzylidenebenzofuran-3(2H)- 

ylidene)-4-methylbenzenesulfonamide 6a (37.5 mg, 0.100 mmol, 1.0 equiv), 

C1 (4.3 mg, 5 mol%) and 4 Å MS (40.0 mg) in toluene (1.0 mL) was added 

tert-butyl (3-cyano-1,1,1-trifluoro-2-phenylbut-3-en-2-yl)carbonate 1a (49.1 

mg, 0.150 mmol, 1.5 equiv) in two potions (generally at 0 h, 18 h, respectively). 

The mixture was stirred at 40 C for 36 h, and the reaction was monitored by TLC. After completion, 

the crude product was purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1/20 

to 1/10) to give the product 7a: 56.0 mg (0.0957 mmol), as a white solid, 96% yield; mp = 135136 °C; 

[α]D
25 =  (c = 0.80 in CHCl3); >19:1 dr; 98% ee, determined by HPLC analysis (Daicel 

Chiralpak AD-H, n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, l = 254 nm) tR = 8.12 min 

(major), tR = 12.93 min (minor); 1H NMR (400 MHz, CDCl3): δ (ppm) 8.46 (d, J = 8.0 Hz, 1H), 7.87 

(d, J = 8.4 Hz, 2H), 7.667.58 (m, 1H), 7.38 (d, J = 8.0 Hz, 2H), 7.31–7.22 (m, 5H), 7.20–7.13 (m, 

2H), 7.137.07 (m, 3H), 7.07–7.01 (m, 2H), 6.92 (s, 1H), 4.18 (s, 1H), 2.51 (s, 3H); 13C NMR (100 

MHz, CDCl3): δ (ppm) 179.0, 170.1, 148.0, 144.0, 140.1, 138.1, 135.0, 131.2, 131.0, 129.5, 129.1, 

129.0, 128.80, 128.77, 128.2, 127.0, 126.8 (q, J = 2.4 Hz), 124.9 (q, J = 283.5 Hz), 124.5, 123.4, 

116.7, 113.1, 112.8, 98.6, 67.9 (q, J = 25.7 Hz), 67.2, 21.6; 19F NMR (376 MHz, CDCl3): δ (ppm) 

61.7; HRMS (ESI-TOF) m/z: [M  Na] Calcd for C33H23F3N2O3SNa 607.1274; Found 607.1274.  

Synthesis of ent-7a: To a mixture of N-((Z)-2-benzylidenebenzofuran-3(2H)-ylidene)-4-methyl 

benzenesulfonamide 6a (37.5 mg, 0.100 mmol, 1.0 equiv), C2 (4.3 mg, 5 mol%) and 4 Å MS (40.0 

mg) in toluene (1.0 mL) was added tert-butyl (3-cyano-1,1,1-trifluoro-2-phenylbut-3-en-2-yl) 

carbonate 1a (49.1 mg, 0.150 mmol, 1.5 equiv) in two potions (generally at 0 h, 18 h, respectively). 

The mixture was stirred at 40 C for 36 h, and the reaction was monitored by TLC. After completion, 

the crude product was purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1/20 
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to 1/10) to give the product ent-7a: 52.4 mg (0.0896 mmol), as a white solid, 90% yield; [α]D
25 = 

186.4 (c = 0.50 in CHCl3); >19:1 dr; 96% ee, determined by HPLC analysis (Daicel Chiralpak AD-

H, n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, l = 254 nm) tR = 8.14 min (minor), tR = 12.88 

min (major).  

 

Synthesis of 7b: To a mixture of N-((Z)-2-benzylidenebenzofuran-3(2H)- 

ylidene)-4-methylbenzenesulfonamide 6a (37.5 mg, 0.100 mmol, 1.0 equiv), 

C1 (4.3 mg, 5 mol%) and 4 Å MS (40.0 mg) in toluene (1.0 mL) was added 

tert-butyl (2-(3-chlorophenyl)-3-cyano-1,1,1-trifluorobut-3-en-2-yl)carbonate 

1b (72.4 mg, 0.200 mmol, 2.0 equiv) in three potions (generally at 0 h, 18 h, 36 

h, respectively). The mixture was stirred at 40 C for 48 h, and the reaction was 

monitored by TLC. After completion, the crude product was purified by flash chromatography on 

silica gel (EtOAc/petroleum ether = 1/10) to give the product 7b: 55.0 mg (0.0889 mmol), as a white 

solid, 89% yield; mp = 7981 °C; [α]D
25 =  (c = 0.50 in CHCl3); >19:1 dr; >99% ee, determined 

by HPLC analysis (Daicel Chiralpak ID, n-hexane/i-PrOH = 60/40, flow rate = 1.0 mL/min, l = 254 

nm) tR = 7.60 min (major), tR = 12.29 min (minor); 1H NMR (400 MHz, CDCl3): δ (ppm) 8.48 (d, J 

= 8.0 Hz, 1H), 7.87 (d, J = 8.0 Hz, 2H), 7.70–7.57 (m, 1H), 7.427.33 (m, 3H), 7.28–7.00 (m, 10H), 

6.95 (s, 1H), 4.10 (s, 1H), 2.50 (s, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 178.6, 170.0, 148.5, 

144.1, 140.1, 137.8, 136.9, 135.2, 131.2, 130.3, 129.7 (2C), 129.2, 129.0, 128.5, 128.3, 127.1 (q, J = 

2.5 Hz), 126.8, 125.1 (q, J = 2.8 Hz), 124.7 (q, J = 238.6 Hz), 123.9, 123.4, 116.6, 112.82, 112.78, 

98.4, 67.5 (q, J = 26.1 Hz), 67.0, 21.6; 19F NMR (376 MHz, CDCl3): δ (ppm) 61.6; HRMS (ESI-

TOF) m/z: [M  Na] Calcd for C33H22
35ClF3N2O3SNa 641.0884; Found 641.0886; Calcd for 

C33H22
37ClF3N2O3SNa 643.0854; Found 643.0869.  

 

Synthesis of 7c: To a mixture of N-((Z)-2-benzylidenebenzofuran-3(2H)- 

ylidene)-4-methylbenzenesulfonamide 6a (37.5 mg, 0.100 mmol, 1.0 equiv), 

C1 (4.3 mg, 5 mol%) and 4 Å MS (40.0 mg) in toluene (1.0 mL) was added 

tert-butyl (3-cyano-1,1,1-trifluoro-2-(p-tolyl)but-3-en-2-yl) carbonate 1c (51.2 

mg, 0.150 mmol, 1.5 equiv) in two potions (generally at 0 h, 18 h, respectively). 

The mixture was stirred at 40 C for 36 h, and the reaction was monitored by 

TLC. After completion, the crude product was purified by flash chromatography on silica gel 

(EtOAc/petroleum ether = 1/10) to give the product 7c: 58.0 mg (0.0968 mmol), as a white solid, 97% 

yield; mp = 7778 °C; [α]D
25 =  (c = 0.40 in CHCl3); >19:1 dr; 98% ee, determined by HPLC 

analysis (Daicel Chiralpak ID, n-hexane/i-PrOH = 60/40, flow rate = 1.0 mL/min, l = 254 nm) tR = 

7.97 min (major), tR = 14.69 min (minor); 1H NMR (400 MHz, CDCl3): δ (ppm) 8.46 (d, J = 8.4 Hz, 
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1H), 7.88 (d, J = 8.0 Hz, 2H), 7.677.57 (m, 1H), 7.39 (d, J = 8.0 Hz, 2H), 7.19–6.97 (m, 11H), 6.89 

(s, 1H), 4.16 (s, 1H), 2.52 (s, 3H), 2.36 (s, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 179.1, 170.1, 

147.7, 143.9, 140.1, 138.6, 138.0, 131.9, 131.2, 131.0, 129.8, 129.5, 129.1, 128.7, 128.2, 126.9, 126.6 

(q, J = 2.3 Hz), 125.0 (q, J = 283.6 Hz), 124.7, 123.3, 116.7, 113.1, 112.8, 98.6, 67.6 (q, J = 25.7 Hz), 

67.2, 21.6, 21.0; 19F NMR (376 MHz, CDCl3): δ (ppm) 61.8; HRMS (ESI-TOF) m/z: [M  Na] 

Calcd for C34H25F3N2O3SNa 621.1430; Found 621.1430.  

 

Synthesis of 7d: To a mixture of N-((Z)-2-benzylidenebenzofuran-3(2H)- 

ylidene)-4-methylbenzenesulfonamide 6a (37.5 mg, 0.100 mmol, 1.0 equiv), 

C1 (4.3 mg, 5 mol%) and 4 Å MS (40.0 mg) in toluene (1.0 mL) was added 

tert-butyl (3-cyano-1,1,1-trifluoro-2-(4-methoxyphenyl)but-3-en-2-yl) 

carbonate 1d (53.6 mg, 0.150 mmol, 1.5 equiv) in two potions (generally at 0 

h, 18 h, respectively). The mixture was stirred at 40 C for 36 h, and the 

reaction was monitored by TLC. After completion, the crude product was 

purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1/10) to give the product 

7d: 57.0 mg (0.0927 mmol), as a white solid, 93% yield; mp = 167168 °C; [α]D
25 =  (c = 0.40 

in CHCl3); >19:1 dr; 96% ee, determined by HPLC analysis (Daicel Chiralpak ID, n-hexane/i-PrOH 

= 60/40, flow rate = 1.0 mL/min, l = 254 nm) tR = 10.44 min (major), tR = 19.07 min (minor); 1H 

NMR (400 MHz, CDCl3): δ (ppm) 8.46 (d, J = 8.0 Hz, 1H), 7.88 (d, J = 8.0 Hz, 2H), 7.677.57 (m, 

1H), 7.39 (d, J = 8.0 Hz, 2H), 7.22–6.97 (m, 9H), 6.88 (s, 1H), 6.77 (d, J = 8.4 Hz, 2H), 4.15 (s, 1H), 

3.82 (s, 3H), 2.51 (s, 3H); 13C NMR (100 MHz, CDCl3): δ ( ppm) 179.1, 170.1, 159.5, 147.6, 143.9, 

140.1, 138.0, 131.2, 131.0, 129.5, 129.1, 128.7, 128.2, 128.1 (q, J = 25.0 Hz), 126.9, 126.7, 125.0 (q, 

J = 283.5 Hz), 124.7, 123.3, 116.7, 114.4, 113.1, 112.8, 98.6, 68.28 (q, J = 25.8 Hz), 67.27, 55.2, 21.6; 

19F NMR (376 MHz, CDCl3): δ (ppm) 62.1; HRMS (ESI-TOF) m/z: [M  Na] Calcd for 

C34H25F3N2O4SNa 637.1379; Found 637.1377.  

 

Synthesis of 7e: To a mixture of N-((Z)-2-benzylidenebenzofuran-3(2H)- 

ylidene)-4-methylbenzenesulfonamide 6a (37.5 mg, 0.100 mmol, 1.0 equiv), 

C1 (4.3 mg, 5 mol%) and 4 Å MS (40.0 mg) in toluene (1.0 mL) was added 

2-([1,1'-biphenyl]-4-yl)-3-cyano-1,1,1-trifluorobut-3-en-2-yl tert-butyl 

carbonate 1e (80.6 mg, 0.200 mmol, 2.0 equiv) in three potions (generally at 

0 h, 18 h, 36 h, respectively). The mixture was stirred at 40 C for 48 h, and 

the reaction was monitored by TLC. After completion, the crude product was purified by flash 

chromatography on silica gel (EtOAc/petroleum ether  1/10) to give the product 7e: 64.0 mg (0.0968 

mmol), as a white solid, 97% yield; mp = 119121 °C; [α]D
25 =  (c = 0.40 in CHCl3); >19:1 
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dr; >99% ee, determined by HPLC analysis (Daicel Chiralpak ID, n-hexane/i-PrOH = 60/40, flow 

rate = 1.0 mL/min, l = 254 nm) tR = 9.31 min (major), tR = 19.23 min (minor); 1H NMR (400 MHz, 

CDCl3): δ (ppm) 8.47 (d, J = 8.0 Hz, 1H), 7.88 (d, J = 8.0 Hz, 2H), 7.677.60 (m, 1H), 7.59 (d, J = 

7.6 Hz, 2H), 7.527.43 (m, 4H), 7.427.29 m, 5H), 7.25–6.99 (m, 7H), 6.92 (s, 1H), 4.22 (s, 1H), 

2.45 (s, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 179.1, 170.1, 148.1, 143.9, 141.4, 140.1, 139.7, 

138.0, 134.0, 131.3, 131.0, 129.6, 129.0, 128.9, 128.8, 128.2, 127.9, 127.6, 127.2 (q, J = 2.5 Hz), 

126.94, 126.92, 124.9 (q, J = 283.6 Hz), 124.4, 123.4, 116.6, 113.1, 112.9, 98.6, 67.7 (q, J = 25.9 Hz), 

67.3, 21.6; 19F NMR (376 MHz, CDCl3): δ (ppm) 61.7; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for 

C39H28F3N2O3S 661.1767; Found 661.1767.  

 

Synthesis of 7f: To a mixture of N-((Z)-2-benzylidenebenzofuran-3(2H)- 

ylidene)-4-methylbenzenesulfonamide 6a (37.5 mg, 0.100 mmol, 1.0 equiv), 

C1 (4.3 mg, 5 mol%) and 4 Å MS (40.0 mg) in toluene (1.0 mL) was added 

tert-butyl (3-cyano-1,1,1-trifluoro-2-(naphthalen-2-yl)but-3-en-2-yl) 

carbonate 1f (57.0 mg, 0.151 mmol, 1.5 equiv) in two potions (generally at 0 h, 

18 h, respectively). The mixture was stirred at 40 C for 36 h, and the reaction 

was monitored by TLC. After completion, the crude product was purified by 

flash chromatography on silica gel (EtOAc/petroleum ether = 1/20 to 1/10) to give the product 7f: 

61.0 mg (0.0961 mmol), as a white solid, 96% yield; mp = 101103 °C; [α]D
25 =  (c = 0.50 in 

CHCl3); >19:1 dr; >99% ee, determined by HPLC analysis (Daicel Chiralpak AD-H, n-hexane/i-

PrOH = 60/40, flow rate = 1.0 mL/min, l = 254 nm) tR = 5.69 min (major), tR = 6.94 min (minor); 1H 

NMR (400 MHz, CDCl3): δ (ppm) 8.48 (d, J = 8.4 Hz, 1H), 7.87 (d, J = 8.0 Hz, 2H), 7.84 (d, J = 8.0 

Hz, 1H), 7.78 (s, 1H), 7.717.60 (m 3H), 7.597.47 (m, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.31 (dd, J = 

8.4, 2.0 Hz, 1H), 7.227.13 (m, 2H), 7.13–7.01 (m, 5H), 6.98 (s, 1H), 4.33 (s, 1H), 2.52 (s, 3H); 13C 

NMR (150 MHz, CDCl3): δ (ppm) 179.1, 170.1, 148.0, 143.9, 140.2, 138.0, 132.9, 132.7, 132.0, 

131.2, 131.0, 129.6, 129.1, 129.0, 128.8, 128.7, 128.3, 127.4, 127.2, 126.9, 126.8, 126.7, 125.0 (q, J 

= 283.5 Hz), 124.6, 123.7, 123.4, 116.7, 113.0, 112.9, 98.7, 68.1 (q, J = 26.1 Hz), 67.1, 21.7; 19F 

NMR (376 MHz, CDCl3): δ (ppm) 61.5; HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for 

C37H25F3N2O3SNa+ 657.1430; Found 657.1428.  

Synthesis of ent-7f: To a mixture of N-((Z)-2-benzylidenebenzofuran-3(2H)-ylidene)-4-methyl 

benzenesulfonamide 6a (37.5 mg, 0.100 mmol, 1.0 equiv), C1 (4.3 mg, 5 mol%) and 4 Å MS (40.0 

mg) in toluene (1.0 mL) was added tert-butyl (3-cyano-1,1,1-trifluoro-2-(naphthalen-2-yl)but- 3-en-

2-yl) carbonate 1f (57.0 mg, 0.151 mmol, 1.5 equiv) in two potions (generally at 0 h, 18 h, 

respectively). The mixture was stirred at 40 C for 36 h, and the reaction was monitored by TLC. 

After completion, the crude product was purified by flash chromatography on silica gel 
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(EtOAc/petroleum ether = 1/20 to 1/10) to give the product ent-7f: 60.0 mg (0.0945 mmol), as a white 

solid, 94% yield; [α]D
25 = 74.5 (c = 0.55 in CHCl3); >19:1 dr; 96% ee, determined by HPLC analysis 

(Daicel Chiralpak AD-H, n-hexane/i-PrOH = 60/40, flow rate = 1.0 mL/min, l = 254 nm) tR = 5.88 

min (minor), tR = 7.07 min (major).  

 

Synthesis of 7g: To a mixture of N-((Z)-2-benzylidenebenzofuran-3(2H)- 

ylidene)-4-methylbenzenesulfonamide 6a (37.5 mg, 0.100 mmol, 1.0 equiv), 

C1 (4.3 mg, 5 mol%) and 4 Å MS (40.0 mg) in toluene (1.0 mL) was added 

tert-butyl (3-cyano-1,1,1-trifluoro-2-(thiophen-2-yl)but-3-en-2-yl)carbonate 

1g (50.0 mg, 0.150 mmol, 1.5 equiv) in two potions (generally at 0 h, 18 h, 

respectively). The mixture was stirred at 40 C for 36 h, and the reaction was monitored by TLC. 

After completion, the crude product was purified by flash chromatography on silica gel 

(EtOAc/petroleum ether = 1/20 to 1/10) to give the product 7g: 54.0 mg (0.0914 mmol), as a white 

solid, 91% yield; mp = 8586 °C; [α]D
25 =  (c = 0.50 in CHCl3); >19:1 dr; 96% ee, determined 

by HPLC analysis (Daicel Chiralpak AD-H, n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, l = 

254 nm) tR = 10.88 min (major), tR = 23.12 min (minor); 1H NMR (400 MHz, CDCl3): δ (ppm) 8.47 

(d, J = 8.0 Hz, 1H), 7.89 (d, J = 8.0 Hz, 2H), 7.677.59 (m, 1H), 7.37 (d, J = 8.4 Hz, 2H), 7.34 (d, J 

= 5.2 Hz, 1H), 7.23–7.03 (m, 8H), 7.03–6.97 (m, 1H), 6.90 (s, 1H), 4.23 (s, 1H), 2.50 (s, 3H); 13C 

NMR (150 MHz, CDCl3): δ (ppm) 178.3, 170.0, 147.8, 144.0, 140.0, 137.9, 136.7, 131.5, 131.1, 

129.5, 129.0, 128.5, 128.2, 127.5, 127.4, 127.0, 126.4, 124.5(q, J = 283.5 Hz), 124.0, 123.4, 116.7, 

112.9, 112.8, 98.0, 66.7, 65.5 (q, J = 27.0 Hz), 21.7; 19F NMR (376 MHz, CDCl3): δ (ppm) 64.5; 

HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C31H21F3N2O3S2Na+ 613.0838; Found 613.0839.  

 

Synthesis of 7h: To a mixture of N-((Z)-2-benzylidenebenzofuran-3(2H)- 

ylidene)-4-methylbenzenesulfonamide 6a (37.5 mg, 0.100 mmol, 1.0 equiv), 

C1 (4.3 mg, 5 mol%) and 4 Å MS (40.0 mg) in toluene (1.0 mL) was added 

tert-butyl (3-cyano-1,1,1-trifluoro-2-(1-tosyl-1H-indol-3-yl)but-3-en-2-yl) 

carbonate 1h (78.2 mg, 0.150 mmol, 1.5 equiv) in two potions (generally at 

0 h, 18 h, respectively). The mixture was stirred at 40 C for 36 h, and the 

reaction was monitored by TLC. After completion, the crude product was purified by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1/10 to 1/5) to give the product 7h: 60.0 mg 

(0.0771 mmol), as a white solid, 77% yield; mp = 137139 °C; [α]D
25 = 61.2 (c = 0.50 in 

CHCl3); >19:1 dr; 97% ee, determined by HPLC analysis (Daicel Chiralpak ID, n-hexane/i-PrOH = 

80/20, flow rate = 1.0 mL/min, l = 254 nm) tR = 15.03 min (major), tR = 19.38 min (minor); 1H NMR 

(400 MHz, CDCl3): δ (ppm) 8.52 (dd, J = 8.4, 1.2 Hz, 1H), 7.93 (d, J = 8.4 Hz, 1H), 7.83–7.77 (m, 
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2H), 7.68 (m, 1H), 7.64–7.59 (m, 2H), 7.577.52 (m, 1H), 7.44 (d, J = 8.0 Hz, 1H), 7.31 (d, J = 8.0 

Hz, 2H), 7.24–7.09 (m, 6H), 7.05 (t, J = 7.6 Hz, 2H), 7.02 (s, 1H), 6.95 (d, J = 7.2 Hz, 2H), 6.26 (ddd, 

J = 8.0, 7.2, 0.8 Hz, 1H), 4.52 (s, 1H), 2.50 (s, 3H), 2.35 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 

(ppm) 179.5, 170.1, 147.9, 145.4, 144.1, 140.2, 137.8, 135.0, 134.5, 131.2, 130.8, 130.0, 129.7, 128.9, 

128.8, 128.3, 127.1, 126.8, 126.68, 126.65, 124.9, 124.6 (q, J = 284.2 Hz), 124.1, 123.6, 123.4, 119.8, 

116.9, 113.9, 112.9, 112.4, 112.2, 97.9, 64.5 (q, J = 26.8 Hz), 61.2, 21.61, 21.60; 19F NMR (376 MHz, 

CDCl3): δ (ppm) 64.6; HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C42H30F3N3O5S2Na+ 778.1652; 

Found 778.1651.  

 

Synthesis of 7i: To a mixture of N-((Z)-2-(3-chlorobenzylidene)benzofuran-

3(2H)-ylidene)-4-methylbenzenesulfonamide 6b (41.0 mg, 0.100 mmol, 1.0 

equiv), C1 (4.3 mg, 5 mol%) and 4 Å MS (40.0 mg) in toluene (1.0 mL) was 

added tert-butyl (3-cyano-1,1,1-trifluoro-2-phenylbut-3-en-2-yl)carbonate 1a 

(49.1 mg, 0.150 mmol, 1.5 equiv) in two potions (generally at 0 h, 18 h, 

respectively). The mixture was stirred at 40 C for 36 h, and the reaction was 

monitored by TLC. After completion, the crude product was purified by flash chromatography on 

silica gel (EtOAc/petroleum ether = 1/10) to give the product 7i: 60.0 mg (0.0969 mmol), as a white 

solid, 97% yield; mp = 259 °C; [α]D
25 = 208.0 (c = 0.50 in CHCl3); >19:1 dr; >99% ee, 

determined by HPLC analysis (Daicel Chiralpak ID, n-hexane/i-PrOH = 60/40, flow rate = 1.0 

mL/min, l = 254 nm) tR = 7.36 min (major), tR = 13.35 min (minor); 1H NMR (400 MHz, CDCl3): δ 

(ppm) 8.46 (s, 1H), 7.86 (d, J = 8.4 Hz, 2H), 7.56 (dd, J = 9.2, 2.4 Hz, 1H), 7.38 (d, J = 8.0 Hz, 3H), 

7.32–7.23 (m, 4H), 7.237.16 (m, 1H), 7.157.07 (m, 3H), 7.01 (d, J = 7.6 Hz, 2H), 6.91 (s, 1H), 

4.14 (s, 1H), 2.52 (s, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 177.7, 168.4, 147.5, 144.3, 140.0, 

137.6, 134.9, 131.2, 130.0, 129.6 (2C), 129.2, 129.0, 128.9, 128.73, 128.71, 128.3, 127.1, 126.9, 

126.7 (q, J = 2.4 Hz), 124.91, 124.90 (q, J = 283.4 Hz), 117.7, 114.0, 112.9, 99.4, 67.8( q, J =25.5 

Hz), 67.6, 21.7; 19F NMR (376 MHz, CDCl3): δ (ppm) 61.6; HRMS (ESI-TOF) m/z: [M + Na]+ 

Calcd for C33H22
35ClF3N2O3SNa+ 641.0884; Found 641.0877; Calcd for C33H22

37ClF3N2O3SNa+ 

643.0854; Found 643.0861.  

Synthesis of ent-7i: To a mixture of N-((Z)-2-(3-chlorobenzylidene)benzofuran-3(2H)-ylidene)-4-

methylbenzenesulfonamide 6b (41.0 mg, 0.100 mmol, 1.0 equiv), C2 (4.3 mg, 5 mol%) and 4 Å MS 

(40.0 mg) in toluene (1.0 mL) was added tert-butyl (3-cyano-1,1,1-trifluoro-2-phenylbut-3-en-2-yl) 

carbonate 1a (49.1 mg, 0.150 mmol, 1.5 equiv) in two potions (generally at 0 h, 18 h, respectively). 

The mixture was stirred at 40 C for 36 h, and the reaction was monitored by TLC. After completion, 

the crude product was purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1/10) 

to give the product ent-7i: 60.3 mg (0.0974 mmol), as a white solid, 97% yield; [α]D
25 = 196.0 (c = 
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0.75 in CHCl3); >19:1 dr; 99% ee, determined by HPLC analysis (Daicel Chiralpak ID, n-hexane/i-

PrOH = 60/40, flow rate = 1.0 mL/min, l = 254 nm) tR = 7.37 min (minor), tR = 13.12 min (major).  

 

Synthesis of 7j: To a mixture of N-((Z)-2-(4-chlorobenzylidene)benzofuran-

3(2H)-ylidene)-4-methylbenzenesulfonamide 6c (41.0 mg, 0.100 mmol, 1.0 

equiv), C1 (4.3 mg, 5 mol%) and 4 Å MS (40.0 mg) in toluene (1.0 mL) was 

added tert-butyl (3-cyano-1,1,1-trifluoro-2-phenylbut-3-en-2-yl)carbonate 1a 

(49.1 mg, 0.150 mmol, 1.5 equiv) in two potions (generally at 0 h, 18 h, 

respectively). The mixture was stirred at 40 C for 36 h, and the reaction was 

monitored by TLC. After completion, the crude product was purified by flash chromatography on 

silica gel (EtOAc/petroleum ether = 1/10) to give the product 7j: 57.0 mg (0.0921 mmol), as a white 

solid, 92% yield; mp = 100101 °C; [α]D
25 = 178.0 (c = 0.50 in CHCl3); >19:1 dr; 98% ee, 

determined by HPLC analysis (Daicel Chiralpak ID, n-hexane/i-PrOH = 60/40, flow rate = 1.0 

mL/min, l = 254 nm) tR = 6.32 min (major), tR = 10.07 min (minor); 1H NMR (400 MHz, CDCl3): δ 

(ppm) 8.48 (d, J = 7.6 Hz, 1H), 7.86 (d, J = 8.0 Hz, 2H), 7.75–7.57 (m, 1H), 7.37 (d, J = 8.0 Hz, 3H), 

7.32–7.21 (m, 4H), 7.14 (t, J = 8.8 Hz, 2H), 7.09 (d, J = 8.4 Hz, 2H), 6.98 (d, J = 8.4 Hz, 2H), 6.91 

(s, 1H), 4.15 (s, 1H), 2.51 (s, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 178.6, 169.9, 147.9, 144.1, 

140.3, 137.9, 135.1, 134.8, 132.5, 131.1, 129.6, 129.2, 128.9, 128.5, 127.5, 126.9, 126.7 (q, J = 2.5 

Hz), 124.9 (q, J = 283.9 Hz), 124.5, 123.6, 116.6, 112.9, 112.8, 98.3, 67.8 (q, J = 25.6 Hz), 66.5, 21.6; 

19F NMR (376 MHz, CDCl3): δ (ppm) 61.6; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for 

C33H23
35ClF3N2O3S

+ 619.1065; Found 619.1066; Calcd for C33H23
37ClF3N2O3S

+ 621.1035; Found 

621.1051.  

 

Synthesis of 7k: To a mixture of N-((Z)-2-(4-bromobenzylidene)benzofuran-

3(2H)-ylidene)-4-methylbenzenesulfonamide 6d (45.4 mg, 0.100 mmol, 1.0 

equiv), C1 (4.3 mg, 5 mol%) and 4 Å MS (40.0 mg) in toluene (1.0 mL) was 

added tert-butyl (3-cyano-1,1,1-trifluoro-2-phenylbut-3-en-2-yl)carbonate 1a 

(49.1 mg, 0.150 mmol, 1.5 equiv) in two potions (generally at 0 h, 18 h, 

respectively). The mixture was stirred at 40 C for 36 h, and the reaction was 

monitored by TLC. After completion, the crude product was purified by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1/10) to give the product 7k: 60.0 mg (0.0904 

mmol), as a white solid, 90% yield; mp = 108110 °C; [α]D
25 =  (c = 0.50 in CHCl3); >19:1 

dr; 99% ee, determined by HPLC analysis (Daicel Chiralpak ID, n-hexane/i-PrOH = 60/40, flow rate 

= 1.0 mL/min, l = 254 nm) tR = 6.32 min (major), tR = 10.07 min (minor); 1H NMR (400 MHz, CDCl3): 

δ (ppm) 8.49 (d, J = 8.4 Hz, 1H), 7.86 (d, J = 7.6 Hz, 2H), 7.737.60 (m, 1H), 7.38 (d, J = 8.0 Hz, 
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3H), 7.337.20 (m, 6H), 7.207.08 (m, 2H), 6.98–6.83 (m, 3H), 4.13 (s, 1H), 2.52 (s, 3H); 13C NMR 

(100 MHz, CDCl3): δ (ppm) 178.6, 169.9, 147.9, 144.1, 140.3, 137.9, 134.8, 132.8, 131.5, 131.1, 

129.6, 129.2, 128.9, 128.1, 126.9, 126.7 (q, J = 2.4 Hz), 124.9 (q, J = 283.4 Hz), 124.5, 123.6, 123.5, 

116.6, 112.9, 112.8, 98.3, 67.8 (q, J = 25.8 Hz), 66.6, 21.6; 19F NMR (376 MHz, CDCl3): δ (ppm) 

61.6; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C33H23
79BrF3N2O3S

+ 663.0599; Found 663.0599; 

Calcd for C33H23
81BrF3N2O3S

+ 665.0539; Found 665.0545.  

 

Synthesis of 7l: To a mixture of 4-methyl-N-((Z)-2-(4-methylbenzylidene) 

benzofuran-3(2H)-ylidene)benzenesulfonamide 6e (39.0 mg, 0.100 mmol, 1.0 

equiv), C1 (4.3 mg, 5 mol%) and 4 Å MS (40.0 mg) in toluene (1.0 mL) was 

added tert-butyl (3-cyano-1,1,1-trifluoro-2-phenylbut-3-en-2-yl)carbonate 1a 

(49.1 mg, 0.150 mmol, 1.5 equiv) in two potions (generally at 0 h, 18 h, 

respectively). The mixture was stirred at 40 C for 36 h, and the reaction was 

monitored by TLC. After completion, the crude product was purified by flash chromatography on 

silica gel (EtOAc/petroleum ether = 1/10) to give the product 7l: 57.0 mg (0.0952 mmol), as a white 

solid, 95% yield; mp = 7982 °C; [α]D
25 = 243.6 (c = 0.50 in CHCl3); >19:1 dr; 99% ee, determined 

by HPLC analysis (Daicel Chiralpak ID, n-hexane/i-PrOH = 60/40, flow rate = 1.0 mL/min, l = 254 

nm) tR = 6.54 min (major), tR = 13.01 min (minor); 1H NMR (400 MHz, CDCl3): δ (ppm) 8.46 (d, J 

= 8.4 Hz, 1H), 7.86 (d, J = 8.0 Hz, 2H), 7.62 (ddd, J = 8.4, 7.2, 1.6 Hz, 1H), 7.407.33 (m, 3H), 7.32–

7.21 (m, 4H), 7.15 (d, J = 8.4 Hz, 1H), 7.09 (t, J = 7.6 Hz, 1H), 6.966.84 (m, 5H), 4.15 (s, 1H), 2.51 

(s, 3H), 2.19 (s, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 179.1, 170.1, 148.0, 143.9, 140.0, 138.6, 

138.1, 135.1, 131.1, 131.0, 129.5, 129.1, 129.0, 128.7, 126.9, 126.8 (q, J = 2.4 Hz), 125.8, 125.0 (q, 

J = 283.7 Hz), 124.6, 123.3, 116.8, 113.1, 112.8, 98.7, 67.8 (q, J = 25.8 Hz), 67.1, 21.6, 21.0; 19F 

NMR (376 MHz, CDCl3): δ (ppm) 61.7; HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for 

C34H25F3N2O3SNa+ 621.1430; Found 621.1427.  

 

Synthesis of 7m: To a mixture of N-((Z)-2-(4-methoxybenzylidene) 

benzofuran-3(2H)-ylidene)-4-methylbenzenesulfonamide 6f (40.6 mg, 0.100 

mmol, 1.0 equiv), C1 (4.3 mg, 5 mol%) and 4 Å MS (40.0 mg) in toluene (1.0 

mL) was added tert-butyl (3-cyano-1,1,1-trifluoro-2-phenylbut-3-en-2-yl) 

carbonate 1a (49.1 mg, 0.15 mmol, 1.5 equiv) in two potions (generally at 0 h, 

18 h, respectively). The mixture was stirred at 40 C for 36 h, and the reaction 

was monitored by TLC. After completion, the crude product was purified by 

flash chromatography on silica gel (EtOAc/petroleum ether = 1/10) to give the product 7m: 57.0 mg 

(0.0927 mmol), as a white solid, 93% yield; mp = 8688 °C; [α]D
25 = 189.1 (c = 0.50 in 
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CHCl3); >19:1 dr; >99% ee, determined by HPLC analysis (Daicel Chiralpak ID, n-hexane/i-PrOH = 

60/40, flow rate = 1.0 mL/min, l = 254 nm) tR = 8.50 min (major), tR = 17.32 min (minor); 1H NMR 

(400 MHz, CDCl3): δ (ppm) 8.46 (d, J = 8.0 Hz, 1H), 7.86 (d, J = 8.4 Hz, 2H), 7.62 (ddd, J = 8.8, 7.2, 

1.6 Hz, 1H), 7.417.34 (m, 3H), 7.31–7.23 (m, 4H), 7.14 (d, J = 8.8 Hz, 1H), 7.11–7.06 (m, 1H), 6.96 

(d, J = 8.4 Hz, 2H), 6.91 (s, 1H), 6.656.59 (m, 2H), 4.13 (s, 1H), 3.66 (s, 3H), 2.50 (s, 3H); 13C NMR 

(100 MHz, CDCl3): δ (ppm) 179.2, 170.1, 159.8, 148.0, 143.9, 140.1, 138.1, 135.2, 132.5, 131.0, 

129.5, 129.1, 128.7, 126.9, 126.8 (q, J = 2.4 Hz), 125.0 (q, J = 282.5 Hz), 124.6, 123.3, 120.7, 116.8, 

113.6, 113.1, 112.8, 98.6, 67.6 (q, J = 25.6 Hz), 66.9, 55.0, 21.6; 19F NMR (376 MHz, CDCl3): δ 

(ppm) 61.7; HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C34H25F3N2O4SNa+ 637.1379; Found 

637.1381.  

 

Synthesis of 7n: To a mixture of 4-methyl-N-((Z)-2-(naphthalen-2-yl 

methylene)benzofuran-3(2H)-ylidene)benzenesulfonamide 6g (42.6 mg, 0.100 

mmol, 1.0 equiv), C1 (4.3 mg, 5 mol%) and 4 Å MS (40.0 mg) in toluene (1.0 

mL) was added tert-butyl (3-cyano-1,1,1-trifluoro-2-phenylbut-3-en-2-yl) 

carbonate 1a (49.1 mg, 0.150 mmol, 1.5 equiv) in two potions (generally at 0 

h, 18 h, respectively). The mixture was stirred at 40 C for 36 h, and the 

reaction was monitored by TLC. After completion, the crude product was 

purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1/10) to give the product 

7n: 56.0 mg (0.0882 mmol), as a white solid, 88% yield; mp = 117119 °C; [α]D
25 = 320.0 (c = 0.50 

in CHCl3); >19:1 dr; >99% ee, determined by HPLC analysis (Daicel Chiralpak ID, n-hexane/i-PrOH 

= 60/40, flow rate = 1.0 mL/min, l = 254 nm) tR = 9.55 min (major), tR = 19.78 min (minor); 1H NMR 

(400 MHz, CDCl3): δ (ppm) 8.42 (d, J = 7.6 Hz, 1H), 7.89 (dd, J = 8.4, 1.2 Hz, 2H), 7.68 (d, J = 7.6 

Hz, 1H), 7.627.53 (m, 3H), 7.437.34 (m, 6H), 7.33–7.25 (m, 4H), 7.23 (d, J = 1.2 Hz, 1H), 7.17 

(d, J = 8.8 Hz, 1H), 7.02 (t, J = 7.6 Hz, 1H), 6.96 (s, 1H), 4.35 (s, 1H), 2.51 (s, 3H); 13C NMR (100 

MHz, CDCl3): δ (ppm) 179.0, 170.1, 148.1, 144.0, 140.1, 138.1, 135.1, 133.1, 132.8, 131.2, 131.1, 

129.6, 129.1, 128.8, 128.24, 128.22, 128.1, 127.7, 127.3, 126.9, 126.8 (q, J = 2.4 Hz), 126.6, 126.0, 

125.0 (q, J = 283.5 Hz), 124.6, 123.4, 116.7, 113.1, 112.7, 98.8, 67.8 (q, J = 25.8 Hz), 67.4, 21.6; 19F 

NMR (376 MHz, CDCl3): δ (ppm) 61.5; HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for 

C37H25F3N2O3SNa+ 657.1430; Found 657.1427.  

Synthesis of ent-7n: To a mixture of 4-methyl-N-((Z)-2-(naphthalen-2-ylmethylene)benzofuran-

3(2H)-ylidene)benzenesulfonamide 6g (42.6 mg, 0.1 mmol, 1.0 equiv), C2 (4.3 mg, 5 mol%) and 4 

Å MS (40.0 mg) in toluene (1.0 mL) was added tert-butyl (3-cyano-1,1,1-trifluoro-2-phenylbut-3-en-

2-yl)carbonate 1a (49.1 mg, 0.15 mmol, 1.5 equiv) in two potions (generally at 0 h, 18 h, respectively). 

The mixture was stirred at 40 C for 36 h, and the reaction was monitored by TLC. After completion, 
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the crude product was purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1/10) 

to give the product ent-7n: 52.7 mg (0.0830 mmol), as a white solid, 83% yield; [α]D
25 = 320.3 (c = 

0.70 in CHCl3); >19:1 dr; 99% ee, determined by HPLC analysis (Daicel Chiralpak ID, n-hexane/i-

PrOH = 60/40, flow rate = 1.0 mL/min, l = 254 nm) tR = 9.13 min (minor), tR = 18.80 min (major).  

 

Synthesis of 7o: To a mixture of 4-methyl-N-((Z)-2-(thiophen-2-ylmethylene) 

benzofuran-3(2H)-ylidene)benzenesulfonamide 6h (38.2 mg, 0.100 mmol, 1.0 

equiv), C1 (4.3 mg, 5 mol%) and 4 Å MS (40.0 mg) in toluene (1.0 mL) was 

added tert-butyl (3-cyano-1,1,1-trifluoro-2-phenylbut-3-en-2-yl)carbonate 1a 

(49.1 mg, 0.150 mmol, 1.5 equiv) in two potions (generally at 0 h, 18 h, 

respectively). The mixture was stirred at 40 C for 36 h, and the reaction was 

monitored by TLC. After completion, the crude product was purified by flash chromatography on 

silica gel (EtOAc/petroleum ether = 1/10) to give the product 7o: 52.0 mg (0.0880 mmol), as a white 

solid, 88% yield; mp = 99101 °C; [α]D
25 = 143.2 (c = 0.50 in CHCl3); >19:1 dr; >99% ee, 

determined by HPLC analysis (Daicel Chiralpak ID, n-hexane/i-PrOH = 60/40, flow rate = 1.0 

mL/min, l = 254 nm) tR = 7.78 min (major), tR = 13.13 min (minor); 1H NMR (400 MHz, CDCl3): δ 

(ppm) 8.51 (d, J = 8.0 Hz, 1H), 7.87 (dd, J = 8.4, 2.0 Hz, 2H), 7.69 (t, J = 7.6 Hz, 1H), 7.43–7.35 (m, 

3H), 7.36–7.24 (m, 4H), 7.22 (d, J = 8.4 Hz, 1H), 7.187.11 (m, 2H), 6.90 (d, J = 2.0 Hz, 1H), 6.83–

6.77 (m, 1H), 6.72–6.68 (m, 1H), 4.59 (s, 1H), 2.51 (s, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 

178.8, 170.3, 147.4, 144.0, 140.2, 138.0, 134.6, 131.1, 129.8, 129.5, 129.2, 128.93, 128.90, 127.5, 

126.89, 126.86, 126.5, 124.8 (q, J = 283.4 Hz), 124.5, 123.5, 116.7, 113.3, 112.8, 97.9, 67.7 (q, J = 

25.3 Hz), 62.2, 21.6; 19F NMR (376 MHz, CDCl3): δ (ppm) 62.8; HRMS (ESI-TOF) m/z: [M + Na]+ 

Calcd for C31H21F3N2O3S2Na+ 613.0838; Found 613.0838.  

 

Synthesis of 7p: To a mixture of N-((Z)-2-benzylidene-5-chloro 

benzofuran-3(2H)-ylidene)-4-methylbenzenesulfonamide 6i (41.0 mg, 

0.100 mmol, 1.0 equiv), C1 (4.3 mg, 5 mol%) and 4 Å MS (40.0 mg) in 

toluene (1.0 mL) was added tert-butyl (3-cyano-1,1,1-trifluoro-2-phenyl 

but-3-en-2-yl)carbonate 1a (49.1 mg, 0.150 mmol, 1.5 equiv) in two 

potions (generally at 0 h, 18 h, respectively). The mixture was stirred at 40 C for 36 h, and the 

reaction was monitored by TLC. After completion, the crude product was purified by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1/20 to 1/10) to give the product 7b: 58.0 

mg (0.0937 mmol), as a white solid, 94% yield; mp = 263264 °C; [α]D
25 = 227.2 (c = 0.72 in 

CHCl3); >19:1 dr; 96% ee, determined by HPLC analysis (Daicel Chiralpak ID, n-hexane/i-PrOH = 

60/40, flow rate = 1.0 mL/min, l = 254 nm) tR = 6.82 min (major), tR = 8.31 min (minor); 1H NMR 
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(400 MHz, CDCl3): δ (ppm) 8.49 (d, J = 8.0 Hz, 1H), 7.86 (d, J = 8.0 Hz, 2H), 7.66 (ddd, J = 8.8, 7.2, 

1.6 Hz, 1H), 7.42–7.34 (m, 3H), 7.33–7.23 (m, 4H), 7.21–7.07 (m, 4H), 7.03 (t, J = 8.0 Hz, 1H), 6.91 

(s, 1H), 6.87 (d, J = 8.0 Hz, 1H), 4.12 (s, 1H), 2.51 (s, 3H); 13C N MR (150 MHz, CDCl3): δ (ppm) 

178.5, 169.9, 147.8, 144.1, 140.3, 137.8, 134.6, 134.0, 131.04, 131.00, 129.6, 129.42, 129.39, 129.2, 

129.1, 129.0, 126.9, 126.7, 124.8 (q, J = 283.7 Hz), 124.5, 123.6, 116.6, 112.8, 98.3, 67.9 (q, J = 25.8 

Hz), 66.5, 21.6; 19F NMR (376 MHz, CDCl3): δ (ppm) 61.6; HRMS (ESI-TOF) m/z: [M + Na]+ 

Calcd for C33H22
35ClF3N2O3SNa+ 641.0884; Found 641.0880; Calcd for C33H22

37ClF3N2O3SNa+ 

643.0854; Found 643.0862.  

 

Synthesis of 7q: To a mixture of N-((Z)-2-benzylidene-5-methyl 

benzofuran-3(2H)-ylidene)-4-methylbenzenesulfonamide 6j (38.9 mg, 

0.100 mmol, 1.0 equiv), C1 (4.3 mg, 5 mol%) and 4 Å MS (40.0 mg) in 

toluene (1.0 mL) was added tert-butyl (3-cyano-1,1,1-trifluoro-2-phenyl 

but-3-en-2-yl)carbonate 1a (65.5 mg, 0.200 mmol, 2.0 equiv) in two potions 

(generally at 0 h, 18 h, 36 h, respectively). The mixture was stirred at 40 C for 60 h, and the reaction 

was monitored by TLC. After completion, the crude product was purified by flash chromatography 

on silica gel (EtOAc/petroleum ether = 1/10 to 1/5) to give the product 7q: 55.0 mg (0.0918 mmol), 

as a yellow solid, 92% yield; mp = 258260 °C; [α]D
25 = 195.2 (c = 0.50 in CHCl3); >19:1 dr; >99% 

ee, determined by HPLC analysis (Daicel Chiralpak ID, n-hexane/i-PrOH = 60/40, flow rate = 1.0 

mL/min, l = 254 nm) tR = 7.17 min (major), tR = 12.46 min (minor); 1H NMR (400 MHz, CDCl3): δ 

(ppm) 8.22 (s, 1H), 7.87 (d, J = 8.4 Hz, 2H), 7.45 (dd, J = 8.4, 2.0 Hz, 1H), 7.417.34 (m, 3H), 

7.317.23 (m, 4H), 7.21–7.14 (m, 1H), 7.147.01 (m, 5H), 6.90 (s, 1H), 4.18 (s, 1H), 2.52 (s, 3H), 

2.31 (s, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 179.2, 168.7, 148.2, 143.9, 141.7, 138.2, 135.1, 

133.3, 131.2, 130.0, 129.5, 129.09, 129.06, 128.8, 128.7, 128.2, 126.83, 126.77 (q, J = 2.8 Hz), 125.0 

(q, J = 283.5 Hz), 124.4, 116.6, 113.1, 112.5, 98.8, 67.9 (q, J = 25.7 Hz), 67.2, 21.6, 20.8; 19F NMR 

(376 MHz, CDCl3): δ (ppm) 61.7; HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for C34H25F3N2O3SNa+ 

621.1430; Found 621.1432.  

Synthesis of ent-7q: To a mixture of N-((Z)-2-benzylidene-5-methylbenzo furan-3(2H)-ylidene)-4-

methylbenzenesulfonamide 6j (38.9 mg, 0.100 mmol, 1.0 equiv), C2 (4.3 mg, 5 mol%) and 4 Å MS 

(40.0 mg) in toluene (1.0 mL) was added tert-butyl (3-cyano-1,1,1-trifluoro-2-phenylbut-3-en-2-yl) 

carbonate 1a (65.5 mg, 0.200 mmol, 2.0 equiv) in two potions (generally at 0 h, 18 h, 36 h, 

respectively). The mixture was stirred at 40 C for 60 h, and the reaction was monitored by TLC. 

After completion, the crude product was purified by flash chromatography on silica gel 

(EtOAc/petroleum ether = 1/10 to 1/5) to give the product ent-7q: 48.5 mg (0.0810 mmol), as a yellow 

solid, 81% yield; [α]D
25 = 192.0 (c = 0.75 in CHCl3); >19:1 dr; 99% ee, determined by HPLC 
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analysis (Daicel Chiralpak ID, n-hexane/i-PrOH = 60/40, flow rate = 1.0 mL/min, l = 254 nm) tR = 

7.84 min (minor), tR = 13.24 min (major).  

 

4.3 General procedure for catalyst-controlled -[4+1] annulations of MBH carbonates 1 with 

1-azadienes 2 

 

Synthesis of 5: A mixture of MBH carbonate 1 (0.15 mmol, 1.5 equiv), 1-azadiene 2 (0.1 mmol, 1.0 

equiv), C7 (1.5 mg, 5 mol%) and 4 Å MS (40.0 mg) in toluene (1.0 mL) was stirred at 10 C or rt 

for 5 h, and the reaction was monitored by TLC. After completion, the product 5 was obtained after 

the purification by flash chromatography on silica gel (EtOAc/petroleum ether).  

Synthesis of ent-5: To a mixture of 1-azadiene 2 (0.1 mmol, 1.0 equiv) and C6 (8.6 mg, 10 mol%) in 

PhCF3 (1.0 mL) was added MBH carbonate 1 (0.20 mmol, 2.0 equiv) in two potions (generally at 0 

h, 18 h, respectively). The mixture was stirred at 40 C for 3648 h, and the reaction was monitored 

by TLC. After completion, the product ent-5 was obtained after the purification by flash 

chromatography on silica gel (EtOAc/petroleum ether).  

Synthesis of racemic products 5: The racemic products 5 were obtained under the catalysis of 

DABCO.  

 

Synthesis of 5a: A mixture of tert-butyl (3-cyano-1,1,1-trifluoro-2-

phenylbut-3-en-2-yl)carbonate 1a (49.1 mg, 0.150 mmol, 1.5 equiv), N-

((Z)-2-benzylidenebenzo[b]thiophen-3(2H)-ylidene)-4-methylbenzene 

sulfonamide 2a (39.1 mg, 0.0997 mmol, 1.0 equiv), C7 (1.5 mg, 5 mol%) 

and 4 Å MS (40.0 mg) in toluene (1.0 mL) was stirred at 10 C for 5 h, and the reaction was 

monitored by TLC. After completion, the crude product was purified by flash chromatography on 

silica gel (EtOAc/petroleum ether = 1/50 to 1/20) to give the product 5a: 51.4 mg (0.0855 mmol), as 

a white solid, 86% yield; mp = 195197 °C; [α]D
25 = 119.4 (c = 0.69 in CHCl3); >19:1 dr; 97% ee, 

determined by HPLC analysis (Daicel Chiralpak ID, n-hexane/i-PrOH = 80/20, flow rate = 1.0 

mL/min, l = 254 nm) tR = 7.54 min (minor), tR = 8.69 min (major); 1H NMR (400 MHz, CDCl3): δ 

(ppm) 8.70 (d, J = 8.4 Hz, 1H), 7.72–7.66 (m, 1H), 7.657.62 (br, 2H), 7.48 (ddd, J = 8.4, 7.2, 1.2 

Hz, 1H), 7.45–7.33 (m, 2H), 7.27–7.20 (m, 1H), 7.066.98 (m, 2H), 6.91 (d, J = 8.0 Hz, 2H), 6.82 

(br, 1H), 6.69–6.61 (m, 2H), 6.31 (br, 1H), 6.24–6.13 (m, 2H), 4.63 (d, J = 5.2 Hz, 1H), 4.47 (d, J = 

5.6 Hz, 1H), 2.35 (s, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 144.6 (q, J = 31.6 Hz), 144.5, 144.2, 
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138.8, 138.0, 131.1, 130.6, 129.82, 129.80, 129.7, 129.0, 128.8, 128.4, 128.14 (2C), 128.11, 127.8, 

125.4, 125.1, 124.2, 123.7, 121.3 (q, J = 274.9 Hz), 119.5 (q, J = 3.0 Hz), 112.9, 75.1, 51.7, 21.5; 19F 

NMR (376 MHz, CDCl3): δ (ppm) 61.9; HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for 

C33H23F3N2O2S2Na+ 623.1045; Found 623.1041.  

Synthesis of ent-5a: To a mixture of N-((Z)-2-benzylidenebenzo[b]thiophen-3(2H)-ylidene)-4-

methylbenzenesulfonamide 2a (39.1 mg, 0.0997 mmol, 1.0 equiv) and C6 (8.6 mg, 10 mol%) in 

PhCF3 (1.0 mL) was added tert-butyl (3-cyano-1,1,1-trifluoro-2-phenylbut-3-en-2-yl)carbonate 1a 

(65.4 mg, 0.200 mmol, 2.0 equiv) in two potions (generally at 0 h, 18 h, respectively). The mixture 

was stirred at 40 C for 36 h, and the reaction was monitored by TLC. After completion, the crude 

product was purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1/50 to 1/20) 

to give the product ent-5a: 36.0 mg (0.0599 mmol), as a white solid, 60% yield; [α]D
25 = 127.7 (c = 

0.70 in CHCl3); >19:1 dr; 97% ee, determined by HPLC analysis (Daicel Chiralpak ID, n-hexane/i-

PrOH = 80/20, flow rate = 1.0 mL/min, l = 254 nm) tR = 7.51 min (major), tR = 8.66 min (minor).  

 

Synthesis of 5b: A solution of tert-butyl (3-cyano-1,1,1-trifluoro-2-(p-

tolyl)but-3-en-2-yl)carbonate 1c (51.2 mg, 0.150 mmol, 1.5 equiv), N-((Z)-

2-benzylidenebenzo[b]thiophen-3(2H)-ylidene)-4-methylbenzene 

sulfonamide 2a (39.1 mg, 0.0997 mmol, 1.0 equiv), C7 (1.5 mg, 5 mol%) 

and 4 Å MS (40.0 mg) in toluene (1.0 mL) was stirred at 10 C for 5 h, and 

the reaction was monitored by TLC. After completion, the crude product was purified by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1/50 to 1/20) to give the product 5b: 49.6 

mg (0.0807 mmol), as a white solid, 81% yield; mp = 155156 °C; [α]D
25 =  (c = 0.68 in 

CHCl3); >19:1 dr; 94% ee, determined by HPLC analysis (Daicel Chiralpak IA, n-hexane/i-PrOH = 

90/10, flow rate = 1.0 mL/min, l = 254 nm) tR = 6.10 min (minor), tR = 16.59 min (major); 1H NMR 

(400 MHz, CDCl3): δ (ppm) 8.69 (d, J = 8.4 Hz, 1H), 7.69 (d, J = 8.0 Hz, 1H), 7.48 (t, J = 7.6 Hz, 

1H), 7.37 (t, J = 7.6 Hz, 1H), 7.31–7.20 (m, 1H), 7.11 (br, 4H); 7.03 (t, J = 7.6 Hz, 2H), 6.89 (d, J = 

7.6 Hz, 2H), 6.65 (d, J = 8.0 Hz, 2H), 6.20 (d, J = 7.6 Hz, 2H), 4.67 (d, J = 5.6 Hz, 1H), 4.47 (d, J = 

5.6 Hz, 1H), 2.38 (s, 3H); 2.37 (s, 3H); 13C NMR (150 MHz, CDCl3): δ (ppm) 144.9 (q, J = 31.5 Hz), 

144.5, 144.2, 140.2, 138.8, 138.0, 131.1, 130.6, 129.7, 129.6, 128.7, 128.6, 128.5, 128.2, 128.1, 127.8, 

126.2, 125.3, 125.1, 124.2, 123.7, 121.4 (q, J = 275.5 Hz), 119.1 (q, J = 2.6 Hz), 113.0, 75.1, 51.7, 

21.5, 21.3; 19F NMR (376 MHz, CDCl3): δ (ppm) 61.9; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for 

C34H26F3N2O2S2
+ 637.1202; Found 637.1205.  

Synthesis of ent-5b: To a mixture of N-((Z)-2-benzylidenebenzo[b]thiophen-3(2H)-ylidene)-4-

methylbenzenesulfonamide 2a (39.1 mg, 0.0997 mmol, 1.0 equiv) and C6 (8.6 mg, 10 mol%) in 

PhCF3 (1.0 mL) was added tert-butyl (3-cyano-1,1,1-trifluoro-2-(p-tolyl)but-3-en-2-yl)carbonate 1c 
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(68.2 mg, 0.200 mmol, 2.0 equiv) in two potions (generally at 0 h, 18 h, respectively). The mixture 

was stirred at 40 C for 48 h, and the reaction was monitored by TLC. After completion, the crude 

product was purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1/50 to 1/20) 

to give the product ent-5b: 31.5 mg (0.0512 mmol), as a white solid, 51% yield; [α]D
25 = 71.0 (c = 

0.20 in CHCl3); >19:1 dr; 97% ee, determined by HPLC analysis (Daicel Chiralpak IA, n-hexane/i-

PrOH = 90/10, flow rate = 1.0 mL/min, l = 254 nm) tR = 6.05 min (major), tR = 16.10 min (minor).  

 

Synthesis of 5c: A mixture of tert-butyl (3-cyano-1,1,1-trifluoro-2-(4-

methoxyphenyl)but-3-en-2-yl)carbonate 1d (53.6 mg, 0.150 mmol, 1.5 

equiv), N-((Z)-2-benzylidenebenzo[b]thiophen-3(2H)-ylidene)-4-methyl 

benzenesulfonamide 2a (39.1 mg, 0.0997 mmol, 1.0 equiv), C7 (1.5 mg, 5 

mol%) and 4 Å MS (40.0 mg) in toluene (1.0 mL) was stirred at rt for 5 h, 

and the reaction was monitored by TLC. After completion, the crude 

product was purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1/20 to 1/10) 

to give the product 5c: 53.5 mg (0.0845 mmol), as a yellow solid, 85% yield; mp = 101102 °C; 

[α]D
25 = 46.2 (c = 0.55 in CHCl3); >19:1 dr; 88% ee, determined by HPLC analysis (Daicel Chiralpak 

ID, n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, l = 254 nm) tR = 9.52 min (minor), tR = 10.36 

min (major); 1H NMR (400 MHz, CDCl3): δ (ppm) 8.70 (d, J = 8.0 Hz, 1H), 7.68 (d, J = 8.0 Hz, 1H), 

7.48 (t, J = 7.6 Hz, 1H), 7.36 (t, J = 7.6 Hz, 1H), 7.30–7.20 (m, 1H), 7.03 (t, J = 7.6 Hz, 2H), 6.92 (d, 

J = 8.0 Hz, 2H), 6.876.74 (br, 2H), 6.70 (d, J = 8.0 Hz, 2H), 6.666.37 (br, 2H), 6.21 (d, J = 7.6 Hz, 

2H), 4.69 (d, J = 5.6 Hz, 1H), 4.47 (d, J = 5.6 Hz, 1H), 3.81 (s, 3H), 2.37 (s, 3H); 13C NMR (150 

MHz, CDCl3): δ (ppm) 160.9, 144.7 (q, J = 31.6 Hz), 144.6, 144.2, 138.9, 137.9, 131.2, 131.1, 130.6, 

129.8, 128.8, 128.4, 128.2, 128.1, 127.8, 125.3, 125.1, 124.2, 123.7, 121.4 (q, J = 275.1 Hz), 121.1, 

119.0, 113.4, 113.1, 75.2, 55.5, 51.7, 21.5; 19F NMR (376 MHz, CDCl3): δ (ppm) 62.0; HRMS (ESI-

TOF) m/z: [M + H]+ Calcd for C34H26F3N2O3S2
+ 631.1331; Found 631.1333.  

 

Synthesis of 5d: A mixture of 2-([1,1'-biphenyl]-4-yl)-3-cyano-1,1,1- 

trifluorobut-3-en-2-yl tert-butyl carbonate 1e (60.5 mg, 0.150 mmol, 1.5 

equiv), N-((Z)-2-benzylidenebenzo[b]thiophen-3(2H)-ylidene)-4-methyl 

benzenesulfonamide 2a (39.1 mg, 0.0997 mmol, 1.0 equiv), C7 (1.5 mg, 5 

mol%) and 4 Å MS (40.0 mg) in toluene (1.0 mL) was stirred at 10 C for 

5 h, and the reaction was monitored by TLC. After completion, the crude 

product was purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1/20 to 1/10) 

to give the product 5d: 54.6 mg (0.0806 mmol), as a yellow solid, 81% yield; mp = 188189 °C; 

[α]D
25 = 24.8 (c = 0.58 in CHCl3); >19:1 dr; 93% ee, determined by HPLC analysis (Daicel Chiralpak 
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IA, n-hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, l = 254 nm) tR = 9.01 min (minor), tR = 25.08 

min (major); 1H NMR (400 MHz, CDCl3): δ (ppm) 8.71 (d, J = 8.4 Hz, 1H), 7.69 (d, J = 8.0 Hz, 1H), 

7.64 (br, 1H), 7.62–7.41 (m, 9H), 7.41–7.33 (m, 1H), 7.31–7.23 (m, 1H), 7.097.00 (m, 2H), 6.82 (d, 

J = 8.0 Hz, 2H), 6.69 (d, J = 8.0 Hz, 2H), 6.29–6.17 (m, 2H), 4.67 (d, J = 5.6 Hz, 1H), 4.50 (d, J = 

5.6 Hz, 1H), 2.28 (s, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 144.55, 144.53 (q, J = 31.7 Hz), 

144.3, 143.0, 139.7, 138.9, 138.0, 131.1, 130.6, 130.3, 129.8, 129.1, 128.8, 128.5, 128.23, 128.20 

(2C), 127.9, 127.0, 126.60, 126.55, 125.4, 125.2, 124.2, 123.7, 121.3 (d, J = 274.8 Hz), 119.59 (d, J 

= 3.1 Hz), 112.9, 75.2, 51.8, 21.5; 19F NMR (376 MHz, CDCl3): δ (ppm) 61.8; HRMS (ESI-TOF) 

m/z: [M + H]+ Calcd for C39H28F3N2O2S2
+ 677.1539; Found 677.1540.  

 

Synthesis of 5e: A mixture of tert-butyl (3-cyano-1,1,1-trifluoro-2- 

(thiophen-2-yl)but-3-en-2-yl)carbonate 1g (50.0 mg, 0.150 mmol, 1.5 

equiv), N-((Z)-2-benzylidenebenzo[b]thiophen-3(2H)-ylidene)-4-methyl 

benzenesulfonamide 2a (39.1 mg, 0.0997 mmol, 1.0 equiv), C7 (1.5 mg, 5 

mol%) and 4 Å MS (40.0 mg) in toluene (1.0 mL) was stirred at rt for 5 h, 

and the reaction was monitored by TLC. After completion, the crude product was purified by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1/50 to 1/20) to give the product 5e: 41.0 mg 

(0.0675 mmol), as a yellow solid, 68% yield; mp = 235237 °C; [α]D
25 =  (c = 1.12 in 

CHCl3); >19:1 dr; 93% ee, determined by HPLC analysis (Daicel Chiralpak ID, n-hexane/i-PrOH = 

80/20, flow rate = 1.0 mL/min, l = 254 nm) tR = 7.52 min (minor), tR = 8.69 min (major); 1H NMR 

(400 MHz, CDCl3): δ (ppm) 8.70 (d, J = 8.0 Hz, 1H), 7.69 (d, J = 8.0 Hz, 1H), 7.667.52 (br, 2H), 

7.49 (t, J = 7.8 Hz, 1H), 7.447.33 (m, 2H), 7.29–7.20 (m, 1H), 7.067.98 (m, 2H), 6.91 (d, J = 8.0 

Hz, 2H), 6.65 (d, J = 8.0 Hz, 2H), 6.19 (d, J = 7.6 Hz, 2H), 4.63 (d, J = 5.2 Hz, 1H), 4.47 (d, J = 5.6 

Hz, 1H), 2.36 (s, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 144.6 (q, J = 31.7 Hz), 144.5, 144.2, 

138.8, 138.0, 131.1, 130.5, 129.82 129.80, 129.7, 129.0, 128.8, 128.4, 128.2, 128.14, 128.12, 127.8, 

125.4, 125.1, 124.2, 123.7, 121.3 (q, J = 275.0 Hz), 119.49 (q, J = 3.0 Hz), 112.9, 75.1, 51.7, 21.5; 

19F NMR (376 MHz, CDCl3): δ (ppm)61.9; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for 

C31H22F3N2O2S3
+ 607.0790; Found 607.0785.  

Synthesis of ent-5e: To a mixture of N-((Z)-2-benzylidenebenzo[b]thiophen-3(2H)-ylidene)-4-

methylbenzenesulfonamide 2a (39.1 mg, 0.0997 mmol, 1.0 equiv) and C6 (8.6 mg, 10 mol%) in 

PhCF3 (1.0 mL) was added tert-butyl (3-cyano-1,1,1-trifluoro-2-(thiophen-2-yl)but-3-en-2-yl) 

carbonate 1g (66.6 mg, 0.200 mmol, 2.0 equiv) in two potions (generally at 0 h, 18 h, respectively). 

The mixture was stirred at 40 C for 36 h, and the reaction was monitored by TLC. After completion, 

the crude product was purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1/50 

to 1/20) to give the product ent-5e: 32.0 mg (0.0527 mmol), as a yellow solid, 53% yield; [α]D
25 = 
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2.4 (c = 0.37 in CHCl3); >19:1 dr; >99% ee, determined by HPLC analysis (Daicel Chiralpak ID, 

n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, l = 254 nm) tR = 7.50 min (major), tR = 8.71 min 

(minor).  

 

Synthesis of 5f: A mixture of tert-butyl(3-cyano-1,1,1-trifluoro-2-phenyl 

but-3-en-2-yl)carbonate 1a (49.1 mg, 0.150 mmol, 1.5 equiv), N-((Z)-2-(4-

chlorobenzylidene)benzo[b]thiophen-3(2H)-ylidene)-4-methylbenzene 

sulfonamide 2b (42.6 mg, 0.100 mmol, 1.0 equiv), C7 (1.5 mg, 5 mol%) and 

4 Å MS (40.0 mg) in toluene (1.0 mL) was stirred at 10 °C for 5 h, and the 

reaction was monitored by TLC. After completion, the crude product was 

purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1/50 to 1/20) to give the 

product 5f: 50.2 mg (0.0791 mmol), as a yellow solid, 79% yield; mp = 173174 °C; [α]D
25 = 100.6 

(c = 0.65 in CHCl3); >19:1 dr; 97% ee, determined by HPLC analysis (Daicel Chiralpak ID, n-

hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, l = 254 nm) tR = 6.74 min (minor), tR =7.72 min 

(major); 1H NMR (400 MHz, CDCl3): δ (ppm) 8.69 (d, J = 8.0 Hz, 1H), 7.70 (d, J = 8.0 Hz, 1H), 

7.677.52 (br, 2H), 7.52–7.45 (m, 2H), 7.42–7.34 (m, 1H), 6.99 (br, 1H), 6.97–6.93 (m, 2H), 6.92 (d, 

J = 8.0 Hz, 2H), 6.70 (d, J = 8.0 Hz, 2H), 6.45 (br, 1H), 6.21–6.03 (m, 2H), 4.65 (d, J = 5.2 Hz, 1H), 

4.42 (d, J = 4.8 Hz, 1H), 2.36 (s, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 144.8, 144.7 (q, J = 

31.9 Hz), 144.3, 138.3, 137.4, 134.0, 130.9, 130.3, 130.1, 129.8, 129.6, 129.0, 128.9, 128.8, 128.4, 

128.2, 128.0, 125.5, 125.4, 124.3, 123.7, 121.2 (q, J = 275.0 Hz), 119.6 (q, J = 3.1 Hz), 112.7, 75.0, 

51.0, 21.5; 19F NMR (376 MHz, CDCl3): δ (ppm) 62.0; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for 

C33H23
35ClF3N2O2S2

+ 635.0836; Found 635.0837; Calcd for C33H23
37ClF3N2O2S2

+ 637.0807; Found 

637.0837.  

Synthesis of ent-5f To a mixture of N-((Z)-2-(4-chlorobenzylidene)benzo[b]thiophen-3(2H)- 

ylidene)-4-methylbenzenesulfonamide 2b (42.6 mg, 0.1 mmol, 1.0 equiv) and C6 (8.6 mg, 10 mol%) 

in PhCF3 (1.0 mL) was added tert-butyl(3-cyano-1,1,1-trifluoro-2-phenylbut-3-en-2-yl)carbonate 1a 

(65.4 mg, 0.200 mmol, 2.0 equiv) in two potions (generally at 0 h, 18 h, respectively). The mixture 

was stirred at 40 C for 36 h, and the reaction was monitored by TLC. After completion, the crude 

product was purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1/50 to 1/20) 

to give the product ent-5f: 35.0 mg (0.0551 mmol), as a yellow solid, 55% yield; [α]D
25 = 101.0 (c 

= 0.40 in CHCl3); >19:1 dr; 97% ee, determined by HPLC analysis (Daicel Chiralpak ID, n-hexane/i-

PrOH = 80/20, flow rate = 1.0 mL/min, l = 254 nm) tR = 6.75 min (major), tR = 7.75 min (minor).  
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Synthesis of 5g: A solution of tert-butyl (3-cyano-1,1,1-trifluoro-2-

phenylbut-3-en-2-yl)carbonate 1a (49.1 mg, 0.150 mmol, 1.5 equiv), 4-

methyl-N-((Z)-2-(4-methylbenzylidene)benzo[b]thiophen-3(2H)-ylidene) 

benzenesulfonamide 2d (40.6 mg, 0.100 mmol, 1.0 equiv), C7 (1.5 mg, 5 

mol%) and 4 Å MS (40.0 mg) in toluene (1.0 mL) was stirred at 10 °C for 

5 h, and the reaction was monitored by TLC. After completion, the crude 

product was purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1/20) to give 

the product 5g: 49.0 mg (0.0797 mmol), as a yellow solid, 80% yield; mp = 209210 °C; [α]D
25 = 

+104.0 (c = 0.40 in CHCl3); >19:1 dr; 96% ee, determined by HPLC analysis (Daicel Chiralpak IA, 

n-hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, l = 254 nm) tR = 5.71 min (minor), tR = 18.87 min 

(major); 1H NMR (400 MHz, CDCl3): δ (ppm) 8.69 (d, J = 8.0 Hz, 1H), 7.68 (d, J = 8.0 Hz, 1H), 

7.667.51 (br, 2H), 7.51–7.39 (m, 2H), 7.39–7.32 (m, 1H), 6.91 (d, J = 8.4 Hz, 2H), 6.85 (br, 1H), 

6.83 (d, J = 8.0 Hz, 2H), 6.686.60 (m, 2H), 6.28 (br, 1H), 6.126.04 (m, 2H), 4.62 (d, J = 6.0 Hz, 

1H), 4.44 (d, J = 5.6 Hz, 1H), 2.35 (s, 3H), 2.33 (s, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 144.6 

(q, J = 31.6 Hz), 144.5, 144.2, 138.0, 137.7, 135.7, 131.4, 130.5, 129.8, 129.7, 129.4, 129.0, 128.5, 

128.12, 128.11, 128.0, 127.7, 125.3, 125.1, 124.1, 123.7, 121.3 (q, J = 274.9 Hz), 119.54 (q, J = 3.0 

Hz), 112.93 (q, J = 1.5 Hz), 75.1, 51.4, 21.5, 21.1; 19F NMR (376 MHz, CDCl3): δ (ppm) 61.9; 

HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C34H26F3N2O2S2
+ 615.1382; Found 615.1378.  

Synthesis of ent-5g: To a mixture of 4-methyl-N-((Z)-2-(4-methylbenzylidene)benzo[b]thiophen-

3(2H)-ylidene)benzenesulfonamide 2d (40.6 mg, 0.100 mmol, 1.0 equiv) and C6 (8.6 mg, 10 mol%) 

in PhCF3 (1.0 mL) was added tert-butyl (3-cyano-1,1,1-trifluoro-2-phenylbut-3-en-2-yl)carbonate 1a 

(65.4 mg, 0.200 mmol, 2.0 equiv) in two potions (generally at 0 h, 18 h, respectively). The mixture 

was stirred at 40 C for 48 h, and the reaction was monitored by TLC. After completion, the crude 

product was purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1/20) to give 

the product ent-5g: 35.0 mg (0.0569 mmol), as a yellow solid, 57% yield; [α]D
25 = 102.5 (c = 0.24 

in CHCl3); >19:1 dr; >99% ee, determined by HPLC analysis (Daicel Chiralpak IA, n-hexane/i-PrOH 

= 90/10, flow rate = 1.0 mL/min, l = 254 nm) tR = 5.75 min (major), tR = 18.39 min (minor).  

 

Synthesis of 5h: A mixture of tert-butyl(3-cyano-1,1,1-trifluoro-2-phenyl 

but-3-en-2-yl)carbonate 1a (49.1 mg, 0.150 mmol, 1.5 equiv), 4-methyl-N-

((Z)-2-(naphthalen-2-ylmethylene)benzo[b]thiophen-3(2H)-ylidene) 

benzenesulfonamide 2f (44.2 mg, 0.100 mol, 1.0 equiv), C7 (1.5 mg, 5 mol%) 

and 4 Å MS (40.0 mg) in toluene (1.0 mL) was stirred at 10 °C for 5 h, and 

the reaction was monitored by TLC. After completion, the crude product was 

purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1/50 to 1/20) to give the 
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product 5h: 44.5 mg (0.0684 mmol ), as a yellow solid, 68% yield; mp = 192193 °C; [α]D
25 = 83.5 

(c = 0.51 in CHCl3); >19:1 dr; 98% ee, determined by HPLC analysis (Daicel Chiralpak IB, n-

hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, l = 254 nm) tR = 8.52 min (major), tR = 10.92 min 

(minor); 1H NMR (400 MHz, CDCl3): δ (ppm) 8.73 (d, J = 8.4 Hz, 1H), 7.82–7.75 (m, 1H), 7.70 (d, 

J = 8.0 Hz, 1H), 7.677.58 (br, 1H), 7.57–7.47 (m, 5H), 7.43–7.35 (m, 2H), 7.32–7.26 (m, 1H), 7.02 

(d, J = 2.0 Hz, 1H), 6.87 (d, J = 8.0 Hz, 2H), 6.75–6.68 (m, 2H), 6.34 (br, 2H), 6.01 (dd, J = 8.4, 2.0 

Hz, 1H), 4.82 (d, J = 5.6 Hz, 1H), 4.65 (d, J = 5.2 Hz, 1H), 2.30 (s, 3H); 13C NMR (100 MHz, CDCl3): 

δ (ppm) 144.7 (q, J = 31.8 Hz), 144.6, 144.3, 138.1, 135.8, 132.9, 132.7, 130.9, 129.8 (2C), 129.6, 

129.04, 128.98, 128.8, 128.6, 128.1 (2C), 127.8, 127.6, 127.1, 126.7, 126.6, 125.4, 125.2, 124.7, 

124.3, 123.7, 121.3 (q, J = 275.1 Hz), 119.8 (q, J = 3.0 Hz), 112.9, 74.9, 51.9, 21.5; 19F NMR (376 

MHz, CDCl3): δ (ppm) 61.9; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C37H26F3N2O2S2
+ 651.1382; 

Found 651.1382.  

Synthesis of ent-5h: To a mixture of 4-methyl-N-((Z)-2-(naphthalen-2-ylmethylene)benzo[b] 

thiophen-3(2H)-ylidene)benzenesulfonamide 2f (44.2 mg, 0.100 mmol, 1.0 equiv) and C6 (8.6 mg, 

10 mol%) in PhCF3 (1.0 mL) was added tert-butyl (3-cyano-1,1,1-trifluoro-2-phenylbut-3-en-2-yl) 

carbonate 1a (65.4 mg, 0.200 mmol, 2.0 equiv) in two potions (generally at 0 h, 18 h, respectively). 

The mixture was stirred at 40 C for 36 h, and the reaction was monitored by TLC. After completion, 

the crude product was purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1/50 

to 1/20) to give the product ent-5h: 30.0 mg (0.0461 mmol), as a yellow solid, 46% yield; [α]D
25 = 

74.0 (c = 0.30 in CHCl3); >19:1 dr; 93% ee, determined by HPLC analysis (Daicel Chiralpak IB, n-

hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, l = 254 nm) tR = 8.61 min (minor), tR = 10.60 min 

(major).  

 

4.4 General procedure for substrate-controlled -[4+3] annulations of MBH carbonates 1 with 

1-azadiene 2a  
In the further exploration of the substrate scope, it was found that the -regioselective [4+3] version 

proceeded well by using MBH carbonate 1j with a benzoxazole motif, and the product 8a was isolated 

in 71% yield with 93% ee under the catalysis of C1. Interestingly, different diastereoselectivity was 

observed in comparison with the [3+2] product 3, probably because of the steric and electronic effects 

of the heteroaryl group in both addition and cyclization step. Furthermore, the MBH carbonate 1k 

having a benzothiazole motif gave the [4+3] product 8b similarly. In addition, the corresponding 

enantiomers of 8a and 8b were obtained in good results with amine C2.4  
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Synthesis of 8: A mixture of MBH carbonate 1 (0.15 mmol, 1.5 equiv), 1-azadiene 2a (0.10 mmol, 

1.0 equiv), C1 (4.3 mg, 5 mol%) and 4 Å MS (40.0 mg) in toluene (1.0 mL) was stirred at rt for 24 

or 36 h, and the reaction was monitored by TLC. After completion, the product 8 was obtained after 

the purification by flash chromatography on silica gel (EtOAc/petroleum ether).  

Synthesis of ent-8: A mixture of MBH carbonate 1 (0.15 mmol, 1.5 equiv), 1-azadiene 2a (0.10 mmol, 

1.0 equiv), C2 (4.3 mg, 5 mol%) and 4 Å MS (40.0 mg) in toluene (1.0 mL) was stirred at rt for 24 

or 36 h, and the reaction was monitored by TLC. After completion, the product ent-8 was obtained 

after the purification by flash chromatography on silica gel (EtOAc/petroleum ether). 

Synthesis of racemic products 8: The racemic products 8 were obtained under the catalysis of 

DABCO.  

 

Synthesis of 8a: A mixture of 2-(benzo[d]oxazol-2-yl)-3-cyano-1,1,1- 

trifluorobut-3-en-2-yl tert-butyl carbonate 1j (55.2 mg, 0.150 mmol, 1.5 

equiv), N-((Z)-2-benzylidenebenzo[b]thiophen-3(2H)-ylidene)-4- 

methylbenzenesulfonamide 2a (39.1 mg, 0.0997 mmol, 1.0 equiv), C1 

(4.3 mg, 5 mol%) and 4 Å MS (40.0 mg) in toluene (1.0 mL) was stirred 

at rt for 36 h, and the reaction was monitored by TLC. After completion, the crude product was 

purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1/20 to 1/10) to give the 

product 8a: 43.2 mg (0.0673 mmol), as a white solid, 67% yield; mp = 238240 °C; [α]D
25 = 466.7 

(c = 0.30 in CHCl3); >19:1 dr; 92% ee, determined by HPLC analysis (Daicel Chiralpak IB, n-

hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, l = 254 nm) tR = 10.02 min (minor), tR = 10.74 min 

(major); 1H NMR (400 MHz, CDCl3): δ (ppm) 8.19 (s, 1H), 8.16 (d, J = 8.0 Hz, 1H), 7.78 (d, J = 8.0 

Hz, 2H), 7.74–7.64 (m, 1H), 7.56–7.45 (m, 4H), 7.41–7.28 (m, 4H), 7.277.17 (m, 3H), 7.15–6.72 

(m, 1H), 6.12 (br, 1H), 4.16 (s, 1H), 2.62 (s, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 156.7, 150.4, 

146.2, 145.5, 140.0, 138.8, 137.1, 135.2, 134.9, 134.8, 130.6 (2C), 129.0, 128.7, 128.6, 127.7, 126.4, 

125.5, 125.2, 125.1, 123.9, 122.9 (q, J = 287.6 Hz), 122.0, 121.1, 116.7, 110.8, 99.7, 56.2 (q, J = 24.1 

Hz), 47.3, 21.8; 19F NMR (376 MHz, CDCl3): δ (ppm) 63.3; HRMS (ESI-TOF) m/z: [M + H]+ Calcd 

for C34H23F3N3O3S2
+ 642.1127; Found 642.1127.  

Synthesis of ent-8a: A mixture of 2-(benzo[d]oxazol-2-yl)-3-cyano-1,1,1-trifluorobut-3-en-2-yl tert-

butyl carbonate 1j (55.2 mg, 0.150 mmol, 1.5 equiv), N-((Z)-2-benzylidenebenzo[b]thiophen-3(2H)-
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ylidene)-4-methylbenzenesulfonamide 2a (39.1 mg, 0.0997 mmol, 1.0 equiv), C2 (4.3 mg, 5 mol%) 

and 4 Å MS (40.0 mg) in toluene (1.0 mL) was stirred at rt for 36 h, and the reaction was monitored 

by TLC. After completion, the crude product was purified by flash chromatography on silica gel 

(EtOAc/petroleum ether = 1/20 to 1/10) to give the product ent-8a: 45.5 mg (0.0709 mmol), as a 

white solid, 71% yield; [α]D
25 = 465.3 (c = 0.60 in CHCl3); >19:1 dr; 93% ee, determined by HPLC 

analysis (Daicel Chiralpak IB, n-hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, l = 254 nm) tR = 

9.95 min (major), tR = 10.83 min (minor).  

 

Synthesis of 8b: A mixture of 2-(benzo[d]thiazol-2-yl)-3-cyano-1,1,1-

trifluorobut-3-en-2-yl tert-butyl carbonate 1k (57.6 mg, 0.150 mmol, 

1.5 equiv), N-((Z)-2-benzylidenebenzo[b]thiophen-3(2H)-ylidene)-4-

methylbenzenesulfonamide 2a (39.1 mg, 0.0997 mmol, 1.0 equiv), C1 

(4.3 mg, 5 mol%) and 4 Å MS (40.0 mg) in toluene (1.0 mL) was stirred 

at rt for 24 h, and the reaction was monitored by TLC. After completion, the crude product was 

purified by flash chromatography on silica gel (EtOAc/petroleum ether = 1/20 to 1/10) to give the 

product 8b: 42.0 mg (0.0638 mmol), as a yellow solid, 64% yield; mp = 239240 °C; [α]D
25 = 462.6 

(c = 0.70 in CHCl3); >19:1 dr; 96% ee, determined by HPLC analysis (Daicel Chiralpak ID, n-

hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, l = 254 nm) tR = 16.80 min (minor), tR = 18.03 min 

(major); 1H NMR (400 MHz, CDCl3): δ (ppm) 1H NMR (400 MHz, CDCl3): δ (ppm) 8.18 (s, 1H), 

8.17 (d, J = 6.8 Hz, 1H), 7.97 (d, J = 8.0 Hz, 1H), 7.81–7.74 (m, 2H), 7.71 (d, J = 8.0 Hz, 1H), 7.59–

7.43 (m, 5H), 7.43–7.33 (m, 2H), 7.30 (t, J = 7.6 Hz, 1H), 7.247.15 (m, 2H), 6.99 (br, 1H), 6.07 (br, 

1H), 4.15 (s, 1H), 2.62 (s, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 161.3, 152.3, 146.2, 145.1, 

139.4, 137.2, 135.72, 135.69, 134.9, 134.8, 130.7 (2C), 128.8, 128.5, 128.4, 127.7, 126.6, 126.2, 

125.6, 125.1, 124.3, 123.9, 123.5 (q, J = 285.3 Hz), 122.1, 121.4, 116.9, 102.0, 59.4 (q, J = 22.7 Hz), 

47.6, 21.8; 19F NMR (376 MHz, CDCl3): δ (ppm) 62.5; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for 

C34H23F3N3O2S3
+ 658.0899; Found 658.0898.  

Synthesis of ent-8b: A mixture of 2-(benzo[d]thiazol-2-yl)-3-cyano-1,1,1-trifluorobut-3-en-2-yl tert-

butyl carbonate 1k (57.6 mg, 0.150 mmol, 1.5 equiv), N-((Z)-2-benzylidenebenzo[b]thiophen-3(2H)-

ylidene)-4-methylbenzenesulfonamide 2a (39.1 mg, 0.0997 mmol, 1.0 equiv), C2 (4.3 mg, 5 mol%) 

and 4 Å MS (40.0 mg) in toluene (1.0 mL) was stirred at rt for 24 h, and the reaction was monitored 

by TLC. After completion, the crude product was purified by flash chromatography on silica gel 

(EtOAc/petroleum ether = 1/20 to 1/10) to give the product ent-8b: 49.5 mg (0.0752 mmol), as a 

yellow solid, 75% yield; [α]D
25 = 468.4 (c = 0.50 in CHCl3); >19:1 dr; 96% ee, determined by HPLC 

analysis (Daicel Chiralpak ID, n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, l = 254 nm) tR = 

16.72 min (major), tR = 19.16 min (minor).  
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Separation of [4+3] product 4a: 

 

A mixture of tert-butyl (3-cyano-1,1,1-trifluoro-2-phenylbut-3-en-2-yl)carbonate 1a (49.1 mg, 0.150 

mmol, 1.5 equiv), N-((Z)-2-benzylidenebenzo[b]thiophen-3(2H)-ylidene)-4-methylbenzene 

sulfonamide 2a (39.1 mg, 0.0997 mmol, 1.0 equiv), C1 (1.7 mg, 2 mol%) and 4 Å MS (40.0 mg) in 

toluene (1.0 mL) was stirred at 40 C for 24 h, and the reaction was monitored by TLC. After 

completion, the solvent was removed under reduced pressure, and the residue was dissolved in 

anhydrous MeOH (1.0 mL), and NaBH3CN (19.0 mg, 0.302 mmol, 3.0 equiv) was added to reduce 

[3+2] product 3a. The solution was stirred at rt for 3 h. After completion, the reaction was quenched 

with water and extracted with DCM. The combined organic phase was concentrated and purified by 

flash chromatography on silica gel (EtOAc/petroleum ether = 1/20 to 1/10) to give the [4+3] product 

4a: 5.0 mg (0.0083 mmol), as a white solid, 8% yield; mp = 212 °C; [α]D
25 = 81.0 (c = 0.20 in 

CHCl3); >19:1 dr; 91% ee, determined by HPLC analysis (Daicel Chiralpak ID, n-hexane/i-PrOH = 

60/40, flow rate = 1.0 mL/min, l = 254 nm) tR = 9.45 min (minor), tR = 15.54 min (major); 1H NMR 

(400 MHz, CDCl3): δ (ppm) 8.15 (s, 1H), 8.08 (dd, J = 8.8, 1.2 Hz, 1H), 7.797.70 (m, 3H), 7.50 

(ddd, J = 8.4, 7.2, 1.2 Hz, 1H), 7.487.37 (m, 3H), 7.317.15 (br, 2H), 7.117.01 (m, 2H), 6.96 (t, J 

= 7.6 Hz, 2H), 6.85 (d, J = 8.0 Hz, 2H), 6.53 (br, 2H), 3.70 (d, J = 1.6 Hz, 1H), 2.53 (s, 3H); 13C NMR 

(100 MHz, CDCl3): δ (ppm) 146.1, 142.8, 138.3, 136.8, 135.2, 135.0, 134.8, 134.6, 130.6, 130.32, 

130.31, 128.3, 128.1, 127.9, 127.70, 127.66, 127.5, 125.5, 125.1 (q, J = 284.3 Hz), 124.9, 123.8, 

122.1, 117.8, 103.8, 59.2 (q, J = 23.8 Hz), 53.3, 21.7; 19F NMR (376 MHz, CDCl3): δ (ppm) 58.8; 

HRMS (ESI-TOF) m/z: [M + H]+ Calcd for C33H24F3N2O2S2
+ 601.1226; Found 601.1227.  

 

5. Asymmetric -[3+2] annulation of MBH carbonate 1a with activated alkene 9  

The activated alkene 9 also could be combined with MBH 1a, and the -regioselective 

cyclopentene product 10 was obtained in a moderate yield with excellent stereoselectivity under the 

catalysis of amine C1. In addition, ent-10 was delivered in similar good results by using amine C2. 

 

Synthesis of 10: To a mixture of (E)-ethyl 2-cyano-3-(4-nitrophenyl)acrylate 9 (24.6 mg, 0.100 mmol, 

1.0 equiv), C1 (4.3 mg, 5 mol%) and 4 Å MS (40.0 mg) in toluene (1.0 mL) was added tert-butyl (3-
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cyano-1,1,1-trifluoro-2-phenylbut-3-en-2-yl)carbonate 1a (49.1 mg, 0.150 mmol, 1.5 equiv) in two 

potions (generally at 0 h, 18 h, respectively). The mixture was stirred at 40 C for 36 h, and the 

reaction was monitored by TLC. After completion, the crude product was purified by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1/10 to 1/5) to give the product 10: 30.5 mg 

(0.0670 mmol), as a colorless oil, 67% yield; [α]D
25 = 29.2 (c = 0.50 in CHCl3); >19:1 dr; 99% ee, 

determined by HPLC analysis (Daicel Chiralpak AD-H, n-hexane/i-PrOH = 80/20, flow rate = 1.0 

mL/min, l = 254 nm) tR = 7.05 min (minor), tR = 9.51 min (major); 1H NMR (400 MHz, CDCl3): δ 

(ppm) 8.24–8.18 (m, 2H), 7.57 (d, J = 8.4 Hz, 2H), 7.507.44 (m, 3H), 7.377.31 (m, 2H), 7.21 (s, 

1H), 4.53 (s, 1H), 4.19 (q, J = 7.1 Hz, 2H), 1.23 (t, J = 7.1 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 

(ppm) 164.2, 148.6, 146.1, 137.2, 133.9, 131.7, 129.8, 129.7, 126.8 (q, J = 2.2 Hz), 124.8 (q, J = 

238.8 Hz), 123.6, 122.2 (q, J = 1.7 Hz), 113.6, 112.2, 67.6 (q, J = 26.3 Hz), 65.2, 61.9, 57.2, 13.7; 

19F NMR (376 MHz, CDCl3): δ (ppm) 61.4; HRMS (ESI-TOF) m/z: [M + Na]+ Calcd for 

C23H16F3N3O4Na+ 478.0985; Found 478.0987.  

Synthesis of ent-10: To a mixture of (E)-ethyl 2-cyano-3-(4-nitrophenyl)acrylate 9 (24.6 mg, 0.100 

mmol, 1.0 equiv), C2 (4.3 mg, 5 mol%) and 4 Å MS (40.0 mg) in toluene (1.0 mL) was added tert-

butyl (3-cyano-1,1,1-trifluoro-2-phenylbut-3-en-2-yl)carbonate 1a (49.1 mg, 0.150 mmol, 1.5 equiv) 

in two potions (generally at 0 h, 18 h, respectively). The mixture was stirred at 40 C for 36 h, and 

the reaction was monitored by TLC. After completion, the crude product was purified by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1/10 to 1/5) to give the product ent-10: 33.0 

mg (0.0725 mmol), as a colorless oil, 73% yield; [α]D
25 = 30.7 (c = 0.60 in CHCl3); >19:1 dr; 99% 

ee, determined by HPLC analysis (Daicel Chiralpak AD-H, n-hexane/i-PrOH = 80/20, flow rate = 1.0 

mL/min, l = 254 nm) tR = 7.02 min (major), tR = 9.50 min (minor).  

 

6. Transformations of product 7a 

 

Synthesis of 11: A solution of compound 7a (58.5 mg, 0.100 mmol, 1.0 equiv) 

and NaOH (0.8 mg, 20 mol%) in MeOH/H2O (1.0 mL, 10/1) was stirred at rt for 

20 min, and the reaction was monitored by TLC. After completion, the solvent 
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was removed under reduced pressure, and the residue was purified by flash chromatography on silica 

gel (EtOAc/petroleum ether = 1/20) to give the product 11: 42.7 mg (0.0991 mmol), as a white solid, 

99% yield; mp = 138140 C; [α]D
25 = 2.7 (c = 0.60 in CHCl3); >19:1 dr; 98% ee, determined by 

HPLC analysis (Daicel Chiralpak AD-H, n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, l = 254 

nm) tR = 5.25 min (major), tR = 5.76 min (minor); 1H NMR (400 MHz, CDCl3): δ (ppm) 7.63 (ddd, J 

= 8.8, 7.2, 1.6 Hz, 1H), 7.55 (dd, J = 8.0, 1.2 Hz, 1H), 7.45 (s, 5H), 7.23–7.09 (m, 6H), 7.04 (t, J = 

7.6 Hz, 1H), 6.92 (s, 1H), 4.13 (d, J = 1.6 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ (ppm) 197.9, 

171.5, 147.9, 139.3, 134.6, 131.4 (q, J = 1.7 Hz), 129.3 (2C), 129.0, 128.7, 128.1, 126.9 (q, J = 2.4 

Hz), 125.1 (q, J = 283.6 Hz), 125.01, 124.98, 123.0, 119.7, 113.5, 113.3, 96.0, 67.7 (q, J = 25.6 Hz), 

63.0; 19F NMR (376 MHz, CDCl3): δ (ppm) 61.9; HRMS (ESI-TOF) m/z: [M + H]+ Calcd for 

C26H17F3NO2
+ 432.1206; Found 432.1201.  

 

Synthesis of 12: A solution of compound 7a (58.5 mg, 0.100 mmol, 1.0 equiv) 

and NaBH3CN (19.0 mg, 0.302 mmol, 3.0 equiv) in MeOH (1.0 mL) was 

stirred at rt for 3 h,5 and the reaction was monitored by TLC. After completion, 

the reaction was quenched with water and extracted with DCM. The 

combined organic phase was concentrated and purified by flash chromatography on silica gel 

(EtOAc/petroleum ether = 1/5) to give the product 12: 53.0 mg (0.0903 mmol), as a white solid, 90% 

yield; mp = 101102 °C; [α]D
25 = 132.0 (c = 0.40 in CHCl3); >19:1 dr; 97% ee, determined by HPLC 

analysis (Daicel Chiralpak AD-H, n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, l = 254 nm) tR 

= 4.73 min (minor), tR = 9.91 min (major); 1H NMR (400 MHz, CDCl3): δ (ppm) 7.74–7.68 (m, 2H), 

7.49–7.35 (m, 6H), 7.33 (d, J = 8.0 Hz, 2H), 7.27–7.13 (m, 5H), 7.01 (s, 1H), 6.91 (d, J = 8.0 Hz, 

1H), 6.73 (t, J = 7.6 Hz, 1H), 6.33 (d, J = 7.2 Hz, 1H), 5.02 (d, J = 9.6 Hz, 1H), 4.33 (d, J = 9.6 Hz, 

1H), 4.29 (s, 1H), 2.47 (s, 3H); 13C NMR (100 MHz, CDCl3): δ (ppm) 157.5, 150.9, 144.2, 137.5, 

135.0, 132.1, 131.6, 131.3, 130.1, 129.2, 128.7, 128.2, 128.1, 126.9 (q, J = 2.4 Hz), 126.9, 125.1 (q, 

J = 283.9 Hz), 124.8, 123.9, 122.1, 121.4 (d, J = 2.0 Hz), 113.7, 110.9, 97.1, 67.9 (q, J = 25.3 Hz), 

62.0, 60.1, 21.6; 19F NMR (376 MHz, CDCl3): δ (ppm) 61.4; HRMS (ESI-TOF) m/z: [M + Na]+ 

Calcd for C33H25F3N2O3SNa+ 609.1430; Found 609.1433.  

 

7. More substrate exploration 

As outlined in the following scheme, the CF3-containing MBH carbonates with an alkyl, alkenyl 

or alkynyl group failed to give the desired annulation products in the reactions with 1-azadienes, and 

a mixture was generally produced. In addition, other types of electrophiles were also explored in the 

reactions with MBH carbonate 1a, but the expected annulation products were not formed.  
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The MBH carbonate derived from 2,2,2-trifluoroacetaldehyde and the 1-azadiene with a terminal 

double bond are unknown compounds, and we also failed to prepare them.  

 

 

8. Asymmetric reaction on a 1.0 mmol scale  
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To a mixture of 1-azadiene 6a (375.0 mg, 1.000 mmol, 1.0 equiv), C1 (43.0 mg, 5 mol%) and 4 Å 

MS (400.0 mg) in toluene (10.0 mL) was added MBH carbonate 1a (491.0 mg, 1.515 mmol, 1.5 equiv) 

in two potions (generally at 0 h, 18 h, respectively). The mixture was stirred at 40 C for 48 h, and 

the reaction was monitored by TLC. After completion, the residue was purified by flash 

chromatography on silica gel (EtOAc/petroleum ether = 1/20 to 1/10) to give the product 7a: 527.0 

mg (0.9009 mmol ), as a white solid, 90% yield; >19:1 dr; 97% ee.  

 

9. Crystal data and structural refinement  

9.1 Crystal data and structural refinement for enantiopure 7a 

Preparation of the single crystals of enantiopure 7a: 30.0 mg of compound 7a (97% ee) was 

dissolved in Et2O (1.5 mL) in a 10 mL tube and n-hexane (2.0 mL) was added. The tube was sealed 

by a piece of weighing paper with several tiny holes, thus allowing slow evaporation of the solvents 

at room temperature. After 24 h, several small particles could be observed at the bottom of the tube. 

The crystals were chosen and subjected to the single crystal X-ray diffraction analysis for the 

determination of the absolute configuration of 7a. The data were collected by an Agilent Gemini 

equipped with a Cu radiation source (K = 1.54184 Å) at 223(100) K. CCDC 2088342 (7a) contains 

the supplementary crystallographic data for this paper. These data can be obtained free of charge via 

www.ccdc.cam.ac.uk/data_request/cif.  

 
(ellipsoid contour probability 50%) 

Identification code 7a 

Empirical formula C33H23F3N2O3S 

Formula weight 584.59 

Temperature/K 223(100) 

Crystal system tetragonal 

Space group P41 

a/Å 14.8873(3) 

b/Å 14.8873(3) 

c/Å 13.6624(4) 

α/° 90 

β/° 90 

γ/° 90 

http://www.ccdc.cam.ac.uk/data_request/cif.
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Volume/Å3 3028.01(17) 

Z 4 

ρcalcg/cm3 1.282 

μ/mm-1 1.414 

F(000) 1208.0 

Crystal size/mm3 0.7 × 0.5 × 0.4 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 8.784 to 144.996 

Index ranges 18 ≤ h ≤ 18, 11 ≤ k ≤ 17, 16 ≤ l ≤ 16 

Reflections collected 10549 

Independent reflections 5627 [Rint = 0.0378, Rsigma = 0.0430] 

Data/restraints/parameters 5627/1/380 

Goodness-of-fit on F2 1.055 

Final R indexes [I>=2σ (I)] R1 = 0.0789, wR2 = 0.1983 

Final R indexes [all data] R1 = 0.0798, wR2 = 0.2009 

Largest diff. peak/hole / e Å-3 0.51/0.89 

Flack parameter 0.020(13) 

 

9.2 Crystal data and structural refinement for enantiopure ent-5a  

Preparation of the single crystals of enantiopure ent-5a: 30.0 mg of compound ent-5a (98% ee) 

was dissolved in i-PrOH (1.5 mL) in a 10 mL tube and n-hexane (2.0 mL) was added. The tube was 

sealed by a piece of weighing paper with several tiny holes, thus allowing slow evaporation of the 

solvents at room temperature. After 36 h, several small particles could be observed at the bottom of 

the tube. The crystals were chosen and subjected to the single crystal X-ray diffraction analysis for 

the determination of the absolute configuration of ent-5a. The data were collected by an Agilent 

Gemini equipped with a Cu radiation source (K = 1.54184 Å) at 204(6) K. CCDC 2088343 (ent-5a) 

contains the supplementary crystallographic data for this paper. These data can be obtained free of 

charge via www.ccdc.cam.ac.uk/data_request/cif.  

 

(ellipsoid contour probability 50%) 

Identification code ent-5a 

Empirical formula C33H23F3N2O2S2 

Formula weight 600.65 

http://www.ccdc.cam.ac.uk/data_request/cif.
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Temperature/K 204(6) 

Crystal system orthorhombic 

Space group P212121 

a/Å 11.71838(15) 

b/Å 13.40753(16) 

c/Å 18.3196(2) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å3 2878.27(6) 

Z 4 

ρcalcg/cm3 1.386 

μ/mm-1 2.136 

F(000) 1240.0 

Crystal size/mm3 0.45 × 0.3 × 0.3 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 8.172 to 145.452 

Index ranges 14 ≤ h ≤ 14, 16 ≤ k ≤ 15, 17 ≤ l ≤ 22 

Reflections collected 16816 

Independent reflections 5640 [Rint = 0.0324, Rsigma = 0.0290] 

Data/restraints/parameters 5640/0/380 

Goodness-of-fit on F2 1.057 

Final R indexes [I>=2σ (I)] R1 = 0.0497, wR2 = 0.1267 

Final R indexes [all data] R1 = 0.0512, wR2 = 0.1289 

Largest diff. peak/hole / e Å-3 0.32/0.69 

Flack parameter 0.009(6) 

 

9.3 Crystal data and structural refinement for enantiopure 8b  

Preparation of the single crystals of enantiopure 8b: 30.0 mg of compound 8b (96% ee) was 

dissolved in EtOAc (1.5 mL) and CH2Cl2 (0.5 mL) in a 10 mL tube and n-hexane (3.0 mL) was added. 

The tube was sealed by a piece of weighing paper with several tiny holes, thus allowing slow 

evaporation of the solvents at room temperature. After 36 h, several small particles could be observed 

at the bottom of the tube. The crystals were chosen and subjected to the single crystal X-ray diffraction 

analysis for the determination of the absolute configuration of 8b. The data were collected by Bruker 

D8 VENTURE equipped with a Mo radiation source (K = 0.71073 Å) at 273.15 K. CCDC 2088344 

(8b) contains the supplementary crystallographic data for this paper. These data can be obtained free 

of charge via www.ccdc.cam.ac.uk/data_request/cif.  

http://www.ccdc.cam.ac.uk/data_request/cif.
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(ellipsoid contour probability 50%) 

Identification code 8b 

Empirical formula C34H22F3N3O2S3 

Formula weight 657.72 

Temperature/K 273.15 

Crystal system orthorhombic 

Space group P212121 

a/Å 8.6266(7) 

b/Å 18.4175(16) 

c/Å 19.2928(17) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å3 3065.2(5) 

Z 4 

ρcalcg/cm3 1.425 

μ/mm-1 0.297 

F(000) 1352.0 

Crystal size/mm3 0.41 × 0.37 × 0.1 

Radiation MoKα (λ = 0.71073) 

2Θ range for data collection/° 4.222 to 55.05 

Index ranges 11 ≤ h ≤ 10, 23 ≤ k ≤ 23, 24 ≤ l ≤ 25 

Reflections collected 25772 

Independent reflections 7055 [Rint = 0.1019, Rsigma = 0.0992] 

Data/restraints/parameters 7055/0/407 

Goodness-of-fit on F2 1.006 

Final R indexes [I>=2σ (I)] R1 = 0.0571, wR2 = 0.1181 

Final R indexes [all data] R1 = 0.1304, wR2 = 0.1485 

Largest diff. peak/hole / e Å-3 0.25/0.34 

Flack parameter 0.03(6) 
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10. NMR, HRMS spectra and HPLC chromatograms 
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