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1. General information 

Unless otherwise noted, materials were purchased from commercial suppliers and used without 

further purification. Column chromatography was performed on silica gel (200~300 mesh). 

Enantiomeric excesses (ee) were determined by HPLC using corresponding commercial chiral columns 

as stated at 30 °C with UV detector at 254 nm. Optical rotations were reported as follows: [α]
T

D (c g/100 

mL, solvent). All 
1
H NMR and

 19
F NMR spectra were recorded on a Bruker AvanceⅡ 400 MHz, 

Bruker AvanceⅡ 500 MHz and Bruker Avance Ⅲ 600 MHz respectively, 
13

C NMR spectra were 

recorded on a Bruker AvanceⅡ 101 MHz or Bruker Avance Ⅲ 151 MHz with chemical shifts 

reported as ppm (in CDCl3, TMS as an internal standard). Data for 
1
H NMR are recorded as follows: 

chemical shift (δ, ppm), multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet, br = broad 

singlet, dd = double doublet, coupling constants in Hz, integration). HRMS (ESI) was obtained with a 

HRMS/MS instrument (LTQ Orbitrap XL TM). The absolute configuration of 4 was assigned by the 

X-ray analysis. 

4-isothiocyanato pyrazolones were prepared according to the literature.
1
 Allenyl ketones were 

prepared according to the literature.
2
 Catalyst Q4 and Q5 were synthesized according to the literature 

procedure.
3
 The racemic products were synthesized using quinine/quinidine = 1:1 as the catalyst. 

2. Experimental procedures and characterization of compounds 4, 5 

 

A tube equipped with a magnetic stir bar was charged with 4-isothiocyanato pyrazolone 1 (0.2 

mmol), Q4 (0.02 mmol), and toluene (2 mL). After stirring for 5 min, alkynyl ketone 2 (0.5 mmol) was 

added in one portion. The reaction was detected by TLC. After 0.5 h, the mixture was purified by 

column chromatography on silica gel (unless otherwise noticed, petroleum ether/EtOAc = 20:1 was 

used as the eluent) directly to give the product 4. 

Compound 4aa 

Prepared according to the procedure within 0.5 h as colorless oil (76.7 mg, 66% 

yield). [α]
17

D  = -186.79 (c 0.41, CH2Cl2), 
1
H NMR (400 MHz, Chloroform-d) δ 

8.02 (d, J = 7.7 Hz, 2H), 8.00-7.96 (m, 2H), 7.85-7.81 (m, 2H), 7.69-7.61 (m, 

2H), 7.58 (d, J = 6.2 Hz, 2H), 7.55-7.39 (m, 8H), 7.30 (t, J = 7.7 Hz, 3H), 2.51 

(d, J = 1.4 Hz, 3H), 1.87 (s, 3H); 
13

C NMR (101 MHz, Chloroform-d) δ 190.6, 

189.3, 175.2, 165.2, 162.2, 153.9, 148.3, 140.3, 138.2, 137.7, 136.4, 134.6, 132.8, 131.6, 129.9, 129.8, 

129.2, 129.1, 128.5, 128.5, 128.0, 126.2, 125.9, 119.2, 93.79, 21.9, 12.9. HRMS (ESI) m/z Calcd. for 

C25H17N3O2S ([M+H]
+
) 412.1114, Found 412.1114. Enantiomeric excess was determined to be 99% 

(determined by HPLC using chiral AD-H column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 

mL/min, tmajor = 16.9 min, tminor = 6.8 min). 
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Compound 4ba 

Prepared according to the procedure within 0.5 h as colorless oil (86.8 mg, 73% 

yield); [α]
17

D  = -110.66 (c 0.31, CH2Cl2); 
1
H NMR (400 MHz, Chloroform-d) δ 

8.03 (d, J = 8.7 Hz, 2H), 7.97 (d, J = 7.7 Hz, 2H), 7.84 (d, J = 7.7 Hz, 2H), 7.65 

(s, 2H), 7.56-7.41 (m, 6H), 7.36-7.25 (m, 5H), 7.25 (s, 1H), 2.51 (d, J = 1.6 Hz, 

3H), 2.39 (s, 3H), 1.87 (s, 3H).
 13

C NMR (101 MHz, Chloroform-d) δ 190.5, 

189.3, 175.1, 165.2, 162.2, 154.0, 148.2, 140.4, 138.9, 138.3, 137.71, 136.5, 134.5, 132.8, 132.4, 129.9, 

129.8, 129.1, 128.5, 128.5, 127.9, 126.4, 126.1, 123.1, 93.9, 21.8, 21.5, 12.9. HRMS (ESI) m/z Calcd. 

for C37H29N3O3S ([M+H]
+
) 596.2002, Found 596.1992. Enantiomeric excess was determined to be 95% 

(determined by HPLC using chiral AD-H column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 

mL/min, tmajor = 10.8 min, tminor = 6.3 min). 
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Compound 4ca 

Prepared according to the procedure within 0.5 h as colorless oil (87.6 mg, 73% 

yield); [α]
16

D  = -170.63 (c 0.36, CH2Cl2); 
1
H NMR (400 MHz, Chloroform-d) δ 

8.06-7.95 (m,4H), 7.88-7.82 (m, 2H), 7.70-7.61 (m, 2H), 7.60-7.43 (m, 7H), 

7.38-7.26 (m, 3H), 7.12 (t, J = 8.6 Hz, 2H), 2.52 (d, J = 1.3 Hz, 3H), 1.86 (s, 

3H);
 13

C NMR (101 MHz, Chloroform-d) δ 190.5, 189.2, 175.4, 165.0, 164.6 (d, 

J = 253.4 Hz), 161.8, 152.9, 148.1, 140.5, 138.2, 137.6, 136.4, 134.6, 132.9, 129.8, 129.1 (d, J = 1.4 

Hz), 128.5, 128.5, 128.1 (d, J = 8.7 Hz), 126.2, 126.2, 119.2, 116.5 (d, J = 22.3 Hz), 93.7, 21.8, 12.8;
 

19
F NMR (470 MHz, Chloroform-d) δ -106.82 - -107.02 (m). HRMS (ESI) m/z Calcd. for C25H17N3O2S 

([M+H]
+
) 412.1114, Found 412.1114. Enantiomeric excess was determined to be 98% (determined by 

HPLC using chiral AD-H column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 mL/min, tmajor = 

6.5 min, tminor = 9.2 min). 

 

 

 

 

Compound 4da 

Prepared according to the procedure within 0.5 h as colorless oil (89.2 mg, 73% 

yield); [α]
17

D  = -189.91 (c 0.37, CH2Cl2); 
1
H NMR (400 MHz, Chloroform-d) δ 

8.02 (d, J = 7.5 Hz, 2H), 7.98 (d, J = 7.0 Hz, 2H), 7.84 (d, J = 7.0 Hz, 2H), 

7.69-7.61 (m, 2H), 7.56-7.42 (m, 7H), 7.37-7.26 (m, 3H), 6.92 (d, J = 8.9 Hz, 

2H), 3.83 (s, 3H), 2.52 (d, J = 1.3 Hz, 3H), 1.86 (s, 3H); 
13

C NMR (101 MHz, 

Chloroform-d) δ 190.7, 189.3, 174.9, 165.0, 162.4, 162.2, 153.6, 148.4, 140.2, 138.3, 137.8, 136.5, 

134.5, 132.8, 129.8, 129.1, 129.1, 128.5, 128.5, 127.8, 127.6, 125.9, 122.6, 119.2, 114.6, 94.0, 55.5, 

21.8, 12.9. HRMS (ESI) m/z Calcd. for C37H30N3O4S ([M+H]
+
) 612.1952, Found 612.1941. 

Enantiomeric excess was determined to be 99% (determined by HPLC using chiral AD-H column, 

hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 mL/min, tmajor = 11.9 min, tminor = 9.9 min). 
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Compound 4ea 

Prepared according to the procedure within 0.5 h as colorless oil (88.3 mg, 70% 

yield); [α]
18

D  = -171.66 (c 0.44, CH2Cl2); 
1
H NMR (400 MHz, Chloroform-d) δ 

9.27 (d, J = 8.6 Hz, 1H), 8.08 (dd, J = 8.7, 1.2 Hz, 2H), 7.95 (d, J = 8.3 Hz, 1H), 

7.91 (m, 3H), 7.85-7.80 (m, 2H), 7.71-7.58 (m, 4H), 7.58-7.40 (m, 7H), 7.33 (t, J 

= 7.4 Hz, 1H), 7.28 (d, J = 8.2 Hz, 1H), 7.12 (d, J = 6.3 Hz, 1H), 2.50 (d, J = 

1.3 Hz, 3H), 1.90 (s, 3H);
 13

C NMR (101 MHz, Chloroform-d) δ 190.6, 189.3, 174.9, 164.7, 162.5, 

154.6, 148.4, 140.4, 138.2, 137.7, 136.5, 134.5, 134.3, 132.8, 132.3, 130.5, 129.7, 129.2, 129.1, 129.0, 

128.5, 128.4, 128.2, 127.8, 127.1, 126.6, 126.2, 126.1, 126.1, 125.1, 119.2, 95.1, 21.9, 12.9. HRMS 

(ESI) m/z Calcd. for C40H30N3O3S ([M+H]
+
) 632.2002, Found 632.2005. Enantiomeric excess was 

determined to be 79% (determined by HPLC using chiral AD-H column, hexane/2-propanol = 7/3, λ = 

254 nm, 30 
o
C, 0.8 mL/min, tmajor = 9.8 min, tminor = 7.3 min). 
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Compound 4fa 

Prepared according to the procedure within 0.5 h as colorless oil (84.5 mg, 67% 

yield); [α]
16

D  = -120.66 (c 0.36, CH2Cl2); 
1
H NMR (400 MHz, Chloroform-d) δ 

8.09-8.04 (m, 2H), 8.00 (t, J = 6.8 Hz, 3H), 7.89 (d, J = 8.7 Hz, 1H), 7.86-7.77 

(m, 4H), 7.73 (d, J = 1.7 Hz, 1H), 7.69-7.60 (m, 2H), 7.56-7.47 (m, 6H), 7.41 (t, 

J = 7.4 Hz, 1H), 7.30 (t, J = 7.5 Hz, 1H), 7.25-7.21 (m, 2H), 2.54 (d, J = 1.2 Hz, 

3H), 1.90 (s, 3H); 
13

C NMR (101 MHz, Chloroform-d) δ 190.6, 189.3, 175.3, 165.2, 162.3, 153.7, 

148.2, 140.5, 138.2, 137.7, 136.5, 134.7, 134.6, 132.9, 132.8, 129.8, 129.2, 129.1, 129.0, 128.5, 128.5, 

128.2, 127.9, 127.9, 127.5, 127.1, 126.5, 126.2, 122.4, 119.3, 93.8, 21.9, 12.9. HRMS (ESI) m/z Calcd. 

for C40H30N3O3S ([M+H]
+
) 632.2002, Found 632.1994. Enantiomeric excess was determined to be 99% 

(determined by HPLC using chiral AD-H column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 

mL/min, tmajor = 21.2 min, tminor = 7.8 min). 
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Compound 4ga 

Prepared according to the procedure within 0.5 h as colorless oil (80.0 mg, 69% 

yield); [α]
16

D  = -128.88 (c 0.36, CH2Cl2); 
1
H NMR (400 MHz, Chloroform-d) δ 

8.03-7.93 (m, 4H), 7.85 (d, J = 6.9 Hz, 2H), 7.70-7.61 (m, 2H), 7.52 (t, J = 7.7 

Hz, 2H), 7.49-7.44 (m, 4H), 7.33 (t, J = 7.7 Hz, 2H), 7.30-7.23 (m, 1H), 

7.13-7.07 (m, 1H), 7.09-7.02 (m, 1H), 2.53 (s, 3H), 1.88 (s, 3H); 
13

C NMR (101 

MHz, Chloroform-d) δ 190.5, 189.3, 175.6, 164.9, 161.5, 149.9, 147.9, 140.2, 138.2, 137.5, 136.4, 

134.6, 132.9, 132.5, 129.8, 129.8, 129.2, 129.1, 128.6, 128.5, 128.3, 128.3, 128.2, 126.1, 119.2, 93.6, 

21.9, 12.9. HRMS (ESI) m/z Calcd. for C34H26N3O3S2 ([M+H]
+
) 588.1410, Found 588.1406. 

Enantiomeric excess was determined to be 77% (determined by HPLC using chiral AD-H column, 

hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 mL/min, tmajor = 16.9 min, tminor = 6.8 min). 

 

 

 

 

Compound 4ha 

Prepared according to the procedure within 0.5 h as colorless oil (41.5 mg, 40% 

yield); [α]
17

D  = -201.96 (c 0.21, CH2Cl2); 
1
H NMR (400 MHz, Chloroform-d) δ 

7.96-7.87 (m, 6H), 7.70-7.61 (m, 2H), 7.52 (td, J = 7.7, 5.7 Hz, 3H), 7.42 (dt, J 

= 15.2, 7.3 Hz, 4H), 7.25 (s, J = 7.3 Hz 1H), 2.55 (d, J = 1.3 Hz, 3H), 1.99 (s, 

3H), 1.87 (s, 3H); 
13

C NMR (101 MHz, Chloroform-d) δ 190.5, 189.3, 175.3, 

165.6, 159.4, 156.2, 148.1, 140.6, 138.2, 137.6, 136.4, 134.6, 132.9, 129.7, 129.1, 129.0, 128.6, 128.5, 

128.3, 125.8, 118.9, 94.5, 21.8, 14.3, 12.6. HRMS (ESI) m/z Calcd. for C31H26N3O3S ([M+H]
+
) 

520.1689, Found 520.1681. Enantiomeric excess was determined to be 97% (determined by HPLC 

using chiral AD-H column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 mL/min, tmajor = 10.9 

min, tminor = 8.2 min). 
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Compound 4ia 

Prepared according to the procedure within 0.5 h as colorless oil (86.3 mg, 81% 

yield); [α]
18

D = -194.75 (c 0.46, CH2Cl2); 
1
H NMR (400 MHz, Chloroform-d) δ 

7.97-7.88 (m, 6H), 7.70-7.61 (m, 2H), 7.56-7.48 (m, 3H), 7.48-7.37 (m, 4H), 

7.12 (t, J = 10.9 Hz, 1H), 2.54 (s, 3H), 2.40-2.18 (m, 2H), 1.87 (s, 3H), 1.25 (t, J 

= 7.4 Hz, 3H). 
13

C NMR (101 MHz, Chloroform-d) δ 190.5, 189.3, 175.1, 165.7, 

160.3, 159.8, 148.2, 140.5, 138.3, 137.7, 136.4, 134.5, 132.9, 129.7, 129.1, 129.0, 128.6, 128.5, 128.1, 

125.7, 118.9, 94.6, 22.5, 21.8, 12.7, 9.7. HRMS (ESI) m/z Calcd. for C25H17N3O2S ([M+H]
+
) 534.1846, 

Found 534.1837. Enantiomeric excess was determined to be 92% (determined by HPLC using chiral 

AD-H column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 mL/min, tmajor = 9.3 min, tminor = 

6.7 min). 
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Compound 4ja 

Prepared according to the procedure within 0.5 h as colorless oil (76.6 mg, 70% 

yield) ; [α]
16

D  = -189.12 (c 0.36, CH2Cl2); 
1
H NMR (400 MHz, Chloroform-d) δ 

7.93 (m, 6H), 7.68-7.62 (m, 2H), 7.56-7.49 (m, 3H), 7.47-7.38 (m, 4H), 7.23 (t, J 

= 7.4 Hz, 1H), 2.54 (m, 1H), 2.53 (d, J = 1.3 Hz, 3H), 1.25 (d, J = 6.8 Hz, 3H), 

1.22 (d, J = 7.0 Hz, 3H). 
13

C NMR (101 MHz, Chloroform-d) δ 190.7, 189.4, 

174.8, 165.7, 163.7, 160.3, 148.2, 140.3, 138.2, 137.8, 136.4, 134.5, 132.9, 129.7, 129.1, 129.0, 128.6, 

128.5, 128.1, 118.9, 94.8, 30.2, 21.9, 20.2 (d, J = 11.2 Hz), 12.78. HRMS (ESI) m/z Calcd. for 

C33H30N3O3S ([M+H]
+
) 548.2002, Found 548.1994. Enantiomeric excess was determined to be 89% 

(determined by HPLC using chiral AD-H column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 

mL/min, tmajor = 8.3 min, tminor = 5.7 min). 
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Compound 4ka 

Prepared according to the procedure within 0.5 h as colorless oil (65.4 mg, 60% 

yield); [α]
15

D  = -197.55 (c 0.32, CH2Cl2); 
1
H NMR (400 MHz, Chloroform-d) δ 

7.98-7.85 (m, 6H), 7.70-7.60 (m, 2H), 7.56-7.46 (m, 3H), 7.42 (t, J = 8.0 Hz, 

4H), 7.21 (d, J = 7.4 Hz, 1H), 2.55 (s, 3H), 1.90 (s, 3H), 1.38 (tt, J = 8.5, 5.0 Hz, 

1H), 1.15-1.05 (m, 2H), 0.98 (dd, J = 8.2, 3.2 Hz, 2H); 
13

C NMR (101 MHz, 

Chloroform-d) δ 190.6, 189.4, 175.1, 165.4, 161.1, 160.2, 148.4, 142.6, 140.4, 138.2, 137.7, 136.4, 

134.6, 132.9, 129.7, 129.1, 129.0, 128.6, 128.6, 128.5, 128.1, 127.9, 125.8, 125.7, 118.9, 94.7, 80.8, 

29.5, 21.9, 12.8, 9.8, 8.5. HRMS (ESI) m/z Calcd. for C33H28N3O3S ([M+H]
+
) 546.1846, Found 

546.1842. Enantiomeric excess was determined to be 95% (determined by HPLC using chiral AD-H 

column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 mL/min, tmajor = 11.7 min, tminor = 7.2 

min). 

 

 

 

 

Compound 4ab 

Prepared according to the procedure within 0.5 h as colorless oil (81.6 mg, 67% 

yield); [α]
16

D = -156.00 (c 0.41, CH2Cl2); 
1
H NMR (400 MHz, Chloroform-d) δ 

8.02 (d, J = 8.5 Hz, 2H), 7.88 (d, J = 8.2 Hz, 2H), 7.74 (d, J = 8.2 Hz, 2H), 7.61 

(d, J = 1.5 Hz, 1H), 7.60-7.55 (m, 2H), 7.48 (dd, J = 8.6, 7.3 Hz, 2H), 7.45-7.39 

(m, 3H), 7.31 (d, J = 8.1 Hz, 3H), 7.10 (d, J = 8.0 Hz, 2H), 2.50 (d, J = 1.3 Hz, 

3H), 2.44 (s, 3H), 2.33 (s, 3H), 1.86 (s, 3H); 
13

C NMR (101 MHz, Chloroform-d) 

δ 190.2, 189.0, 175.4, 165.3, 161.4, 153.9, 147.5, 145.8, 143.6, 140.6, 137.7, 135.7, 134.0, 131.5, 129.9, 

129.8, 129.2, 129.2, 129.1, 128.6, 128.4, 126.1, 125.9, 119.2, 93.7, 21.9, 21.8, 21.6, 12.8. HRMS (ESI) 

m/z Calcd. for C38H32N3O3S ([M+H]
+
) 610.2159, Found 610.2148. Enantiomeric excess was 

determined to be 98% (determined by HPLC using chiral AD-H column, hexane/2-propanol = 7/3, λ = 

254 nm, 30 
o
C, 0.8 mL/min, tmajor = 12.1 min, tminor = 7.9 min). 



S 10 

 

 

 

 

 

Compound 4ac 

Prepared according to the procedure within 0.5 h as colorless oil (79.8 mg, 60% 

yield); [α]
13

D = -187.00 (c 0.41, CH2Cl2); 
1
H NMR (400 MHz, Chloroform-d) δ 

8.04 (d, J = 7.5 Hz, 2H), 7.93 (d, J = 8.4 Hz, 2H), 7.78 (d, J = 8.4 Hz, 2H), 

7.65 (d, J = 1.4 Hz, 1H), 7.59 (dd, J = 8.0, 1.7 Hz, 2H), 7.51-7.40 (m, 5H), 

7.36 (d, J = 8.3 Hz, 2H), 7.29 (t, J = 7.4 Hz, 1H), 7.15 (d, J = 8.3 Hz, 2H), 

2.98 (m, 1H), 2.87 (m, 1H), 2.50 (d, J = 1.2 Hz, 3H), 1.87 (s, 3H), 1.27 (d, J = 

6.9 Hz, 6H), 1.21 (d, J = 0.9 Hz, 6H); 
13

C NMR (101 MHz, Chloroform-d) δ 190.2, 189.0, 175.4, 165.3, 

161.1, 156.4, 154.3, 153.9, 147.3, 140.7, 137.8, 136.1, 134.2, 131.5, 130.2, 130.0, 129.2, 129.1, 128.8, 

128.3, 127.3, 126.6, 126.1, 125.9, 119.2, 93.7, 34.4, 34.2, 23.7, 23.6, 23.6, 21.8, 12.8. HRMS (ESI) m/z 

Calcd. for C42H40N3O3S ([M+H]
+
) 666.2785, Found 666.2774. Enantiomeric excess was determined to 

be 96% (determined by HPLC using chiral AD-H column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 

0.8 mL/min, tmajor = 9.2 min, tminor = 8.0 min). 
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Compound 4ad 

Prepared according to the procedure within 0.5 h as colorless oil (65.0 mg, 50% 

yield); [α]
15

D = -201.66 (c 0.34, CH2Cl2); 
1
H NMR (400 MHz, Chloroform-d) 

δ 8.02 (d, J = 8.1 Hz, 2H), 7.95 (s, 1H), 7.86 (s, 1H), 7.83 (d, J = 7.8 Hz, 1H), 

7.70 (d, J = 7.8 Hz, 1H), 7.65 (s, 1H), 7.62 (d, J = 8.0 Hz, 1H), 7.55 (d, J = 

6.9 Hz, 2H), 7.53-7.39 (m, 7H), 7.29 (t, J = 7.5 Hz, 1H), 7.23 (d, J = 7.9 Hz, 

1H), 2.50 (s, 3H), 1.88 (s, 3H); 
13

C NMR (101 MHz, Chloroform-d) δ 189.2, 

187.8, 174.5, 164.8, 163.0, 153.7, 149.4, 139.9, 139.8, 137.9, 137.6, 135.6, 134.9, 134.4, 132.7, 131.6, 

130.5, 129.9, 129.8, 129.2, 129.1, 128.6, 128.2, 126.9, 126.5, 126.2, 125.9, 119.2, 93.9, 21.9, 12.9. 

HRMS (ESI) m/z Calcd. for C25H17N3O2S ([M+H]
+
) 650.1066, Found 650.1063. Enantiomeric excess 

was determined to be 92% (determined by HPLC using chiral AD-H column, hexane/2-propanol = 7/3, 

λ = 254 nm, 30 
o
C, 0.8 mL/min, tmajor = 15.0 min, tminor = 7.1 min). 
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Compound 4ae 

Prepared according to the procedure within 0.5 h as colorless oil (91.6 mg, 62% 

yield); [α]
17

D  = -55.50 (c 0.36, CH2Cl2); 
1
H NMR (400 MHz, Chloroform-d) δ 

7.95 (d, J = 7.6 Hz, 2H), 7.62 (d, J = 1.1 Hz, 1H), 7.55-7.50 (m, 3H), 

7.48-7.47 (m, 1H), 7.46-7.41 (m, 4H), 7.40-7.34 (m, 4H), 7.29-7.26 (m, 2H), 

7.25-7.21 (m, 2H), 2.58 (d, J = 1.3 Hz, 3H), 1.72 (s, 3H); 
13

C NMR (101 MHz, 

Chloroform-d) δ 191.1, 190.1, 175.3, 167.4, 164.7, 153.6, 150.5, 141.4, 139.8, 139.1, 137.6, 133.7, 

132.8, 131.8, 131.5, 130.7, 129.8, 129.8, 129.8, 129.1, 129.0, 128.1, 127.4, 126.1, 126.1, 119.7, 119.7, 

119.2, 94.1, 22.2, 12.7. HRMS (ESI) m/z Calcd. for C36H26N3O3SBr2 ([M+H]
+
) 740.0036, Found 

740.0022. Enantiomeric excess was determined to be 92% (determined by HPLC using chiral AD-H 

column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 mL/min, tmajor = 44.7 min, tminor = 55.9 

min). 

 

 

 

 

Compound 4af 

Prepared according to the procedure within 0.5 h as colorless oil (104.5 mg, 71% 

yield); [α]
17

D  = -95.75 (c 0.32, CH2Cl2); 
1
H NMR (400 MHz, Chloroform-d) δ 

8.01 (dd, J = 8.7, 1.2 Hz, 2H), 7.83 (d, J = 8.6 Hz, 2H), 7.69-7.64 (m, 4H), 7.62 

(d, J = 1.3 Hz, 1H), 7.57-7.53 (m, 2H), 7.53-7.47 (m, 3H), 7.46-7.39 (m, 4H), 

7.34-7.29 (m, 1H), 2.49 (d, J = 1.3 Hz, 3H), 1.88 (s, 3H); 
13

C NMR (101 MHz, 

Chloroform-d) δ 189.5, 188.0, 174.7, 164.9, 162.5, 153.8, 149.1, 140.0, 137.6, 

137.0, 135.1, 132.5, 131.8, 131.6, 131.2, 130.2, 129.9, 129.8, 129.3, 129.2, 127.9, 126.8, 126.3, 125.9, 

119.2, 93.9, 21.9, 12.9. HRMS (ESI) m/z Calcd. for C36H26N3O3SBr2 ([M+H]
+
) 740.0036, Found 

740.0030. Enantiomeric excess was determined to be 99% (determined by HPLC using chiral AD-H 

column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 mL/min, tmajor = 17.8 min, tminor = 8.5 

min). 
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Compound 4ag 

Prepared according to the procedure within 0.5 h as colorless oil (95.9 mg, 76% 

yield); [α]
21

D  = -164.84 (c 0.36, CH2Cl2); 
1
H NMR (400 MHz, Chloroform-d) δ 

8.09 (d, J = 8.4 Hz, 2H), 8.03 (d, J = 7.5 Hz, 2H), 7.87 (t, J = 8.8 Hz, 4H), 

7.82-7.75 (m, 2H), 7.60-7.52 (m, 5H), 7.48-7.45 (m, 2H), 7.41-7.34 (m, 2H), 

2.53 (d, J = 1.3 Hz, 3H), 1.92 (s, 3H);
 13

C NMR (101 MHz, Chloroform-d) δ 

189.2, 187.4, 174.0, 164.7, 164.1, 153.6, 150.8, 141.4, 139.5, 139.3, 137.4, 

132.9, 132.4, 132.36, 131.8, 130.0, 129.7, 129.3, 129.3, 128.9, 128.7, 126.6, 125.8, 125.5, 119.2, 117.7, 

115.9, 94.1, 22.1, 13.1. HRMS (ESI) m/z Calcd. for C38H26N5O3S ([M+H]
+
) 632.1751, Found 632.1753. 

Enantiomeric excess was determined to be 92% (determined by HPLC using chiral AD-H column, 

hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 mL/min, tmajor = 40.7 min, tminor = 16.9 min). 
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Compound 4ah 

Prepared according to the procedure within 0.5 h as colorless oil (95.3 mg, 

70% yield); [α]
15

D  = -90.25 (c 0.32, CH2Cl2); 
1
H NMR (400 MHz, 

Chloroform-d) δ 8.71 (dd, J = 8.6, 1.1 Hz, 1H), 8.56-8.44 (m, 1H), 8.07 (d, J 

= 8.2 Hz, 1H), 7.99 (dd, J = 8.7, 1.2 Hz, 2H), 7.96 (dd, J = 7.2, 1.2 Hz, 1H), 

7.92-7.87 (m, 2H), 7.83-7.80 (m, 1H), 7.77 (dd, J = 7.2, 1.2 Hz, 1H), 7.66 

(ddd, J = 8.5, 6.9, 1.5 Hz, 1H), 7.57 (dd, J = 6.8, 1.6 Hz, 2H), 7.54-7.49 (m, 

3H), 7.48-7.38 (m, 8H), 7.31-7.26 (m, 2H), 2.56 (d, J = 1.3 Hz, 3H), 1.75 (s, 3H); 
13

C NMR (101 MHz, 

Chloroform-d) δ 192.7, 191.8, 175.8, 165.1, 164.3, 153.9, 148.3, 141.4, 137.7, 136.7, 134.4, 134.1, 

133.9, 133.8, 132.5, 132.3, 131.5, 131.4, 130.3, 130.2, 130.0, 129.2, 129.1, 128.7, 128.7, 128.7, 128.4, 

127.7, 127.0, 126.4, 126.1, 125.9, 125.7, 125.4, 112.8, 112.5, 119.2, 93.8, 21.9, 12.9. HRMS (ESI) m/z 

Calcd. for C44H32N3O3S ([M+H]
+
) 682.2159, Found 682.2137. Enantiomeric excess was determined to 

be 89% (determined by HPLC using chiral AD-H column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 

0.8 mL/min, tmajor = 29.8 min, tminor = 17.8 min). 
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Compound 4ai 

Prepared according to the procedure within 0.5 h as colorless oil (86.6 mg, 73% 

yield); [α]
16

D  = -112.00 (c 0.44, CH2Cl2); 
1
H NMR (400 MHz, Chloroform-d) δ 

8.03 (d, J = 7.6 Hz, 2H), 7.82 (dd, J = 4.9, 1.2 Hz, 1H), 7.78 (dd, J = 3.8, 1.2 

Hz, 1H), 7.62 (d, J = 1.3 Hz, 1H), 7.58 (dd, J = 8.1, 1.7 Hz, 2H), 7.55-7.47 (m, 

4H), 7.47-7.41 (m, 3H), 7.29 (t, J = 7.5 Hz, 1H), 7.16 (dd, J = 4.9, 3.9 Hz, 1H), 

6.96 (dd, J = 4.9, 3.8 Hz, 1H), 2.57 (d, J = 1.3 Hz, 3H), 1.98 (s, 3H); 
13

C NMR (101 MHz, 

Chloroform-d) δ 182.0, 181.2, 174.4, 165.1, 161.0, 153.9, 149.0, 146.2, 143.2, 140.5, 137.6, 137.0, 

136.7, 133.9, 131.9, 131.6, 129.9, 129.3, 129.1, 128.9, 128.2, 126.3, 126.2, 125.9, 119.2, 93.7, 21.8, 

12.9. HRMS (ESI) m/z Calcd. for C32H24N3O3S3 ([M+H]
+
) 594.0974, Found 594.0964. Enantiomeric 

excess was determined to be 95% (determined by HPLC using chiral AD-H column, hexane/2-propanol 

= 7/3, λ = 254 nm, 30 
o
C, 0.8 mL/min, tmajor = 101.3 min, tminor = 9.3 min). 

 

 

 

 

Compound 4aj 

Prepared according to the procedure within 0.5 h as colorless oil (72.6 mg, 57% 

yield); [α]
15

D  = -32.00 (c 0.14, CH2Cl2);
 1

H NMR (400 MHz, Chloroform-d) δ 

8.00 (d, J = 8.5 Hz, 2H), 7.54 - 7.44 (m, 5H), 7.44 - 7.35 (m, 2H), 7.38 - 7.29 

(m, 3H), 7.30 - 7.22 (m, 5H), 7.21 - 7.15 (m 3H), 6.85 (s, 1H), 3.28 - 3.13 (m, 

2H), 3.13 - 3.05 (m, 2H), 2.96 - 2.84 (m, 2H), 2.82 - 2.71 (m, 2H), 2.52 (d, J = 

1.3 Hz, 3H), 2.17 (s, 3H); 
13

C NMR (101 MHz, Chloroform-d) δ 198.1, 195.9, 

175.8, 165.2, 164.9, 153.5, 148.5, 141.0, 140.3, 139.8, 137.6, 131.5, 131.1, 130.0, 129.1, 128.7, 128.5, 

128.4, 126.5, 126.1, 126.1, 125.8, 119.2, 94.1, 46.1, 45.0, 29.8, 29.6, 21.8, 13.6. HRMS (ESI) m/z 

Calcd. for C40H36N3O3S ([M+H]
+
) 638.2472, Found 638.2471. Enantiomeric excess was determined to 

be 75% (determined by HPLC using chiral AD-H column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 
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0.8 mL/min, tmajor = 23.9 min, tminor = 29.5 min). 

 

 

 

 

Gram scale synthesis of the product 3aa 

 

To a tube equipped with a magnetic stir bar was charged with 4-isothiocyanato pyrazolone 1a 

(732 mg, 2.5 mmol, 1.0 eq.) and Q4 (157 mg, 0.25 mmol, 0.1 eq.), followed with toluene (25 mL). 

After stirred for 5 min, allenyl ketone 2a (900 mg, 6.3 mmol, 2.5 eq.) was added in one portion. 

After 0.5 h, the solvent was removed under vacuum, the residue was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 20:1 was used as the eluent) to give the 

product 4aa 0.97 g as light-yellow oil (yield 66%, ee 97%). 
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The procedure for the synthesis of compounds 5. 

 

A reaction tube was charged with 4 (0.1 mmol) and DCM (1 mL), then Q4 (6.3mg, 0.01 mmol, 

0.1 eq.) was added at room temperature. After the reaction was stirred for 12 h, the crude product was 

purified by column chromatography on silica gel to give the product 5. 

Compound 5aa 

Prepared according to the procedure within 12 h as white solid (51.7 mg, 89% 

yield, dr > 20:1). mp 155-157 
o
C; [α]

18

D = 122.00 (c 0.32, CH2Cl2); 
1
H NMR 

(400 MHz, Chloroform-d) δ 7.95 (d, J = 8.1 Hz, 2H), 7.90 (d, J = 7.6 Hz, 2H), 

7.58 (d, J = 7.7 Hz, 2H), 7.48 (d, J = 7.6 Hz, 3H), 7.45-7.36 (m, 7H), 7.35-7.27 

(m, 4H), 7.13 (s, 1H), 3.55 (d, J = 14.5 Hz, 1H), 3.19 (d, J = 14.6 Hz, 1H), 2.99 (bs, 1H), 1.38 (s, 3H);
 

13
C NMR (101 MHz, Chloroform-d) δ 188.6, 178.7, 165.8, 156.5, 154.5, 150.5, 142.3, 140.2, 137.7, 

137.5, 132.9, 131.2, 130.1, 129.0, 128.7, 128.3, 128.2, 125.9, 125.2, 120.6, 119.3, 93.4, 72.4, 51.5, 12.1. 

HRMS (ESI) m/z Calcd. for C36H28N3O3S ([M+H]
+
) 582.1846, Found 582.1841. Enantiomeric excess 

was determined to be 93% (determined by HPLC using chiral OD-H column, hexane/2-propanol = 7/3, 

λ = 254 nm, 30 
o
C, 0.8 mL/min, tmajor = 12.6 min, tminor = 18.0 min). 

 

 

 

 

Compound 5da 

Prepared according to the procedure within 12 h as white solid (55.0 mg, 90% 

yield, dr = 7.3:1). mp 122.5-125.0
 o

C; [α]
17

D = 71.25 (c 0.45, CH2Cl2); 
1
H NMR 

(600 MHz, Chloroform-d: methanol-d = 10:1) δ 7.87 (dt, J = 25.0, 7.9 Hz, 4H), 

7.55 (q, J = 7.8, 6.6 Hz, 3H), 7.46 (q, J = 7.5 Hz, 2H), 7.40 (p, J = 7.5 Hz, 4H). 

7.36-7.27 (m, 4H), 7.23 (t, J = 7.8 Hz, 1H), 7.14 (d, J = 7.2 Hz, 1H), 3.52 (dd, J 

= 14.7, 7.2 Hz, 1H), 3.38 (s, 1H), 3.33 (s, 3H), 3.22 (dd, J = 14.9, 7.3 Hz, 1H), 

2.44 (h, J = 7.3 Hz, 1H), 1.49 (s, 3H);
 13

C NMR (151 MHz, Chloroform-d: methanol-d = 10:1) δ 189.1, 

179.2, 166.3, 164.4, 154.5, 151.1, 142.4, 140.4, 137.6, 137.4, 132.9, 128.9, 128.8, 128.7, 128.1, 128.0, 
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125.6, 125.4, 120.4, 119.1, 94.1, 71.9, 51.3, 29.7, 20.1, 19.9, 11.9. HRMS (ESI) m/z Calcd. for 

C37H30N3O4S ([M+H]
+
) 612.1952, Found 612.1949. Enantiomeric excess was determined to be 91% 

(determined by HPLC using chiral AD-H column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 

mL/min, tmajor = 13.4 min, tminor = 17.3 min). 

 

 

 

 

Compound 5ea 

Prepared according to the procedure within 12 h as white solid (52.4 mg, 83% 

yield, dr = 4:1). mp 160-162 
o
C; [α]

16

D  = 102.73 (c 0.28, CH2Cl2); 
1
H NMR (600 

MHz, Chloroform:Methol = 10:1-d) δ 9.08 (d, J = 8.6 Hz, 1H), 8.00 (d, J = 8.0 

Hz, 2H), 7.86 (d, J = 8.2 Hz, 1H), 7.81 (d, J = 8.3 Hz, 3H), 7.59 (t, J = 7.8 Hz, 

1H), 7.58-7.48 (m, 4H), 7.47 (t, J = 7.8 Hz, 2H), 7.38 (q, J = 7.6 Hz, 4H), 7.29 

(dd, J = 14.9, 7.6 Hz, 2H), 7.17 (d, J = 7.3 Hz, 3H), 6.93 (s, 1H), 3.47 (d, J = 14.4 Hz, 1H), 3.00 (dd, J 

= 14.5, 4.0 Hz, 1H), 2.84 (s, 1H), 1.37 (s, 3H); 
13

C NMR (151 MHz, Chloroform-d) δ 188.6, 178.7, 

165.5, 156.5, 154.9, 150.4, 142.2, 140.3, 137.9, 137.7, 137.4, 134.1, 132.9, 131.7, 130.4, 129.1, 129.0, 

129.0, 128.8, 128.6, 128.3, 128.2, 128.2, 127.9, 126.9, 126.4, 126.3, 126.0, 125.8, 125.3, 125.3, 125.2, 

120.6, 119.2, 94.6, 72.3, 51.3, 21.5, 12.2. HRMS (ESI) m/z Calcd. for C40H30N3O3S ([M+H]
+
) 

632.2002, Found 632.2005. Enantiomeric excess was determined to be 99% (determined by HPLC 

using chiral AD-H column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 mL/min, tmajor = 21.3 

min, tminor = 10.9 min). 
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Compound 5ga 

Prepared according to the procedure within 12 h as yellow solid (47.5 mg, 81% 

yield, dr = 6:1). mp 225-226 
o
C; [α]

17

D  = 30.91 (c 0.22, CH2Cl2); 
1
H NMR (600 

MHz, Chloroform-d: methanol-d = 10:1) δ 7.92 (q, J = 6.3 Hz, 4H), 7.58 (q, J = 

6.8 Hz, 3H), 7.46 (q, J = 8.1 Hz, 6H), 7.41 (t, J = 7.3 Hz, 1H), 7.32 (d, J = 6.9 Hz, 

1H), 7.27 (q, J = 7.0 Hz, 1H), 7.18 (s, 1H), 7.02 (dd, J = 23.1, 4.0 Hz, 2H), 3.55 

(d, J = 14.6 Hz, 1H), 3.37 (s, 1H), 3.26 (d, J = 14.7 Hz, 1H), 1.50 (s, 3H); 
13

C NMR (151 MHz, 

Chloroform-d: methanol-d = 10:1) δ 189.1, 180.2, 165.6, 155.7, 150.9, 150.4, 142.5, 140.5, 137.4, 

137.3, 133.0, 132.2, 129.4, 128.9, 128.7, 128.6, 128.4, 128.1, 128.0, 126.0, 125.3, 120.5, 119.3, 92.8, 

71.8, 51.2, 11.8. HRMS (ESI) m/z Calcd. for C34H26N3O3S2 ([M+H]
+
) 588.1410, Found 588.1402. 

Enantiomeric excess was determined to be 99% (determined by HPLC using chiral AD-H column, 

hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 mL/min, tmajor = 21.3 min, tminor = 42.7 min).

 
 

 

 

 

 

Compound 5ha 

Prepared according to the procedure within 12 h as white solid (45.6 mg, 88% 

yield, dr > 20:1). mp 110.2-112.5 
o
C; [α]

17

D  = 21.00 (c 0.22, CH2Cl2);
 1

H NMR 

(400 MHz, Chloroform-d) δ 7.94-7.76 (m, 2H), 7.58-7.49 (m, 3H), 7.47-7.34 (m, 

5H), 7.31 (t, J = 7.3 Hz, 1H), 7.20 (t, J = 7.4 Hz, 1H), 7.09 (s, 1H), 3.51 (d, J = 

14.4 Hz, 1H), 3.21 (d, J = 14.4 Hz, 1H), 3.10 (s, 1H), 1.87 (s, 3H), 1.49 (s, 3H);
 13

C NMR (101 MHz, 

Chloroform-d) δ 188.7, 178.9, 166.2, 157.0, 153.9, 150.3, 141.9, 140.7, 137.6, 137.5, 132.9, 129.0, 
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128.9, 128.7, 128.3, 128.2, 125.6, 125.3, 120.7, 119.0, 94.0, 72.5, 51.4, 13.9, 11.8. HRMS (ESI) m/z 

Calcd. for C31H26N3O3S ([M+H]
+
) 520.1689, Found 520.1689. Enantiomeric excess was determined to 

be 95% (determined by HPLC using chiral AD-H column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 

0.8 mL/min, tmajor = 14.6 min, tminor = 9.4 min). 

 

 

 

 

Compound 5ja 

Prepared according to the procedure within 12 h as white solid (44.3 mg, 81% 

yield, dr = 3.4:1). mp 172.0-174.1 
o
C; [α]

17

D  = 29.37 (c 0.12, CH2Cl2); 
1
H NMR 

(600 MHz, Chloroform-d) δ 7.90 (d, J = 7.7 Hz, 2H), 7.86 (d, J = 8.1 Hz, 2H), 

7.55 (d, J = 8.0 Hz, 3H), 7.46 (t, J = 7.7 Hz, 2H), 7.41 (q, J = 8.3 Hz, 4H), 7.33 (t, 

J = 7.4 Hz, 1H), 7.21 (t, J = 7.5 Hz, 1H), 7.14 (s, 1H), 3.52 (d, J = 14.4 Hz, 1H), 3.23 (d, J = 14.5 Hz, 

1H), 2.47 (s, 1H), 2.46-2.41 (m, 1H), 1.50 (s, 3H), 1.19 (d, J = 6.9 Hz, 3H), 1.14 (d, J = 6.9 Hz, 3H);
 

13
C NMR (101 MHz, Chloroform-d: methanol-d = 10:1) δ 188.9, 178.9, 166.3, 164.4, 154.5, 151.0, 

142.4, 140.2, 137.6, 137.5, 132.9, 128.9, 128.8, 128.7, 128.1, 128.1, 125.6, 125.4, 120.4, 119.1, 94.1, 

71.9, 51.4, 29.8, 20.1, 20.0, 12.0. HRMS (ESI) m/z Calcd. for C33H30N3O3S ([M+H]
+
) 548.2002, Found 

548.2000. Enantiomeric excess was determined to be 99% (determined by HPLC using chiral AD-H 

column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 mL/min, tmajor = 16.5 min, tminor = 25.7 

min). 
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Compound 5ka 

Prepared according to the procedure within 12 h as white solid (49.1 mg, 90% 

yield, dr > 20:1). mp 150.5-152.1 
o
C [α]

16

D  = 66.36 (c 0.21, CH2Cl2); 
1
H NMR 

(400 MHz, DMSO-d6) δ 7.96 (d, J = 7.7 Hz, 2H), 7.78 (d, J = 8.1 Hz, 2H), 7.62 (t, 

J = 7.4 Hz, 1H), 7.53 (dd, J = 12.5, 6.0 Hz, 5H), 7.45 (t, J = 7.9 Hz, 2H), 7.37 (t, 

J = 7.5 Hz, 2H), 7.26 (dt, J = 14.7, 7.4 Hz, 2H), 6.59 (s, 1H), 3.65 (d, J = 14.4 Hz, 1H), 3.37 (d, J = 

14.5 Hz, 1H), 1.50 (p, J = 7.0, 6.6 Hz, 1H), 1.07-0.81 (m, 4H); 
13

C NMR (101 MHz, DMSO-d6) δ 

188.7, 179.0, 166.3, 162.8, 153.1, 152.0, 143.3, 141.8, 137.7, 137.4, 133.7, 129.6, 129.3, 128.7, 128.5, 

128.2, 126.3, 126.0, 120.7, 119.1, 93.7, 79.8, 72.3, 50.0, 12.1, 9.9, 9.3, 9.1. HRMS (ESI) m/z Calcd. for 

C33H28N3O3S ([M+H]
+
) 546.1846, Found 546.1846. Enantiomeric excess was determined to be 95% 

(determined by HPLC using chiral AD-H column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 

mL/min, tmajor = 21.3 min, tminor = 11.7 min). 

 

 

 

 

Compound 5ah 

Prepared according to the procedure within 12 h as yellow solid (63.3 mg, 

93% yield, dr = 4.5:1). mp 206.5-209.0 
o
C; [α]

16

D = -33.44 (c 0.34, CH2Cl2); 
1
H NMR (600 MHz, Chloroform-d) δ 8.54-8.29 (m, 2H), 8.08-7.81 (m, 7H), 

7.61 (t, J = 8.2 Hz, 2H), 7.59-7.48 (m, 7H), 7.41 (dt, J = 16.4, 7.5 Hz, 6H), 

7.23 (t, J = 7.5 Hz, 1H), 6.85 (s, 1H), 4.17 (d, J = 15.0 Hz, 1H), 3.19 (d, J 
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= 14.9 Hz, 1H), 2.81 (s, 3H); 
13

C NMR (101 MHz, Chloroform-d) δ 192.2, 178.2, 165.5, 155.8, 154.0, 

150.0, 137.8, 136.4, 134.5, 133.8, 132.6, 131.1, 130.3, 130.3, 130.0, 129.4, 129.3, 129.1, 128.9, 128.4, 

127.8, 127.1, 126.5, 126.0, 125.9, 125.8, 125.7, 125.4, 125.3, 112.6, 112.3, 119.2, 93.4, 48.8, 11.6. 

HRMS (ESI) m/z Calcd. for C44H32N3O3S ([M+H]
+
) 682.2159, Found 682.2159. Enantiomeric excess 

was determined to be 87% (determined by HPLC using chiral AD-H column, hexane/2-propanol = 7/3, 

λ = 254 nm, 30 
o
C, 0.8 mL/min, tmajor = 26.6 min, tminor = 10.7 min). 

 

 

 

 

Compound 5af 

Prepared according to the procedure within 12 h as light-yellow solid 

(62.6 mg, 85% yield, dr > 20:1). mp 170.0-173.0 
o
C; [α]

16

D  = 112.44 (c 

0.32, CH2Cl2); 
1
H NMR (400 MHz, Chloroform-d) δ 7.89 (d, J = 5.7 Hz, 

2H), 7.77-7.68 (m, 2H), 7.57-7.48 (m, 2H), 7.50-7.38 (m, 8H), 7.39-7.33 

(m, 1H), 7.30 (d, J = 7.7 Hz, 2H), 7.23 (s, 1H), 7.03 (s, 1H), 3.43 (d, J = 

14.4 Hz, 1H), 3.33 (s, 1H), 3.12 (d, J = 14.4 Hz, 1H), 1.41-1.36 (m, 3H); 
13

C NMR (101 MHz, Chloroform-d) δ 187.4, 178.4, 165.7, 156.9, 154.4, 150.8, 141.5, 139.7, 137.5, 

136.0, 132.1, 132.0, 131.3, 130.0, 129.7, 129.1, 129.0, 128.3, 127.1, 126.1, 125.9, 122.4, 120.3, 119.3, 

93.4, 72.0, 51.4, 12.3. HRMS (ESI) m/z Calcd. for C36H25Br2N3O3S ([M+H]
+
) 738.0056, Found 

738.0063. Enantiomeric excess was determined to be 99% (determined by HPLC using chiral IC-H 

column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 mL/min, tmajor = 16.6 min, tminor = 20.9 

min). 
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Compound 5’af 

This diastereoisomer was prepared according to the procedure using 

DABCO as catalyst within 24 h as yellow solid (62.6 mg, 85% yield, dr = 

3:1). mp 215.0-217.5
 o
C; [α]

17

D  = -144.40 (c 0.23, CH2Cl2); 
1
H NMR (400 

MHz, Chloroform-d) δ 7.85 (d, J = 8.0 Hz, 2H), 7.59 (d, J = 7.9 Hz, 2H), 

7.55-7.42 (m, 5H), 7.42-7.32 (m, 6H), 7.23 (d, J = 9.0 Hz, 3H), 6.92 (s, 

1H), 4.69 (s, 1H), 3.44 (d, J = 14.1 Hz, 1H), 3.29 (d, J = 14.2 Hz, 1H), 

1.70 (s, 3H);
 13

C NMR (101 MHz, Chloroform-d) δ 187.4, 178.6, 165.8, 156.9, 154.4, 150.9, 141.6, 

139.7, 137.4, 135.9, 132.1, 132.0, 131.3, 129.9, 129.7, 129.1, 129.1, 128.3, 127.1, 126.2, 125.9, 122.4, 

120.3, 119.3, 93.4, 71.9, 51.3, 12.2. HRMS (ESI) m/z Calcd. for C36H25Br2N3O3S ([M+H]
+
) 738.0056, 

Found 738.0063. Enantiomeric excess was determined to be 99% (determined by HPLC using chiral 

AD-H column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 mL/min, tmajor = 12.5 min, tminor = 

17.9 min).  
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One-pot procedure for the synthesis of compound 5aa from 1a and 2a. 

 

A tube equipped with a magnetic stir bar was charged with 4-isothiocyanato pyrazolone 1a (0.2 

mmol), Q4 (0.02 mmol), and toluene (2 mL). After stirring for 5 min, alkynyl ketone 2a (0.5 mmol) 

was added in one portion. The reaction was detected by TLC. After 36 h, the mixture was purified by 

column chromatography on silica gel (unless otherwise noticed, petroleum ether/EtOAc = 5:1 was used 

as the eluent) directly to give the product 5aa. 

 

Asymmetric aldol reaction of racemic 4 to compound 5. 

Table S1 Optimization of Reaction Conditions 

 

 

Entry Catalyst 
Amount of 

Cat. (X equiv) 
Solvent t [h] 

Yielda [%] Eeb [%] 

5af 5’’af 5af 5’’af 

1 Q1 1 DCM 24 49 45 77 49 

2 Q4 1 DCM 2 47 50 99 85 

3 Q5 1 DCM 12 41 42 97 73 

4 Q4 1 CHCl3 12 41 40 99 87 

5 Q4 1 THF 12 40 40 95 89 

6 Q4 1 CH3CN 12 41 43 97 87 

7 Q4 1 toluene 12 46 48 93 85 

8 Q4 0.1 CHCl3 12 45 43 99 91 

9 Q4 0.05 CHCl3 14 41 40 99 88 

The reaction was carried out on a 0.1 mmol scale in 1 mL solvent with catalyst. aIsolated yield was given. bThe ee 

was determined by chiral HPLC. 

Asymmetric aldol reactions of racemic 4 to compound 5 

 

To a solution of racemic 4 (0.1 mmol, 1.0 eq.) in CHCl3 (1.0 mL) was added Q4 (6.3 mg, 0.01 

mmol, 0.1 eq.). The reaction mixture was stirred at rt for 12 h. The reaction was detected by TLC. 
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When the reaction finished, the crude mixture was purified by column chromatography on silica gel to 

give 5. 

Compound 5aa 

Prepared according to the procedure within 12 h as white solid (25.0 mg, 43% 

yield). Enantiomeric excess was determined to be 99% (determined by HPLC 

using chiral IC-H column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 

mL/min, tmajor = 12.4 min, tminor = 18.8 min). 

 

 

 

 

 

Compound 5’’aa 

Prepared according to the procedure within 12 h as white solid (25.6 mg, 44% 

yield). mp 190.0-192.0
 o
C; [α]

17

D  = -144.40 (c 0.31, CH2Cl2); 
1
H NMR (400 MHz, 

Chloroform-d) δ 7.92 (d, J = 7.5 Hz, 2H), 7.83 (d, J = 7.0 Hz, 2H), 7.52 (d, J = 

8.4 Hz, 3H), 7.47-7.32 (m, 9H), 7.30 (t, J = 6.9 Hz, 3H), 7.23 (d, J = 7.6 Hz, 1H), 

7.03 (s, 1H), 4.39 (s, 1H), 3.47 (d, J = 12.8 Hz, 1H), 3.37 (d, J = 14.1 Hz, 1H), 

1.87 (s, 3H);
 13

C NMR (101 MHz, Chloroform-d) δ 188.8, 179.3, 166.6, 156.3, 154.8, 150.5, 142.2, 

142.1, 137.5, 137.5, 132.9, 131.3, 130.0, 129.0, 128.9, 128.6, 128.6, 128.2, 128.1, 126.1, 125.2, 120.7, 

119.4, 93.4, 72.4, 51.9, 12.1. HRMS (ESI) m/z Calcd. for C36H28N3O3S ([M+H]
+
) 582.1846, Found 

582.1846. Enantiomeric excess was determined to be 89% (determined by HPLC using chiral IC-H 

column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 mL/min, tmajor = 16.1 min, tminor = 11.8 

min) 
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Compound 5ba 

Prepared according to the procedure within 12 h as white solid (12.4 mg, 41% 

yield). mp 215.5-217.1 
o
C; [α]

15

D = -77.81 (c 0.21, CH2Cl2); 
1
H NMR (400 MHz, 

Chloroform-d) δ 7.91 (d, J = 8.1 Hz, 2H), 7.82 (d, J = 7.7 Hz, 2H), 7.52 (t, J = 

7.4 Hz, 1H), 7.41 (q, J = 7.5 Hz, 6H), 7.36 (s, 1H), 7.33-7.27 (m, 4H), 7.25-7.20 

(m, 3H), 7.02 (s, 1H), 4.21 (s, 1H), 3.46 (d, J = 14.1 Hz, 1H), 3.37 (d, J = 14.1 

Hz, 1H), 2.36 (s, 3H), 1.68 (s, 3H);
 13

C NMR (101 MHz, Chloroform-d) δ 188.7, 179.1, 166.4, 156.5, 

154.9, 150.6, 142.2, 141.8, 138.6, 137.6, 137.5, 132.9, 132.2, 130.0, 129.0, 128.8, 128.6, 128.6, 128.2, 

128.1, 126.5, 126.0, 125.2, 123.3, 120.6, 119.4, 93.4, 72.6, 51.9, 21.5, 12.2. HRMS (ESI) m/z Calcd. 

for C37H30N3O3S ([M+H]
+
) 596.2002, Found 596.2001. Enantiomeric excess was determined to be 99% 

(determined by HPLC using chiral IC-H column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 

mL/min, tmajor = 9.1 min, tminor = 13.2 min) 

 

 

 

 

Compound 5’’ba 

Prepared according to the procedure within 12 h as white solid (22.0 mg, 37% 

yield). mp 140.5-142.8 
o
C; [α]

16

D = 10.00 (c 0.11, CH2Cl2); 
1
H NMR (400 MHz, 

Chloroform-d) δ 7.95 (d, J = 8.1 Hz, 2H), 7.88 (d, J = 7.7 Hz, 2H), 7.57 (d, J = 

7.8 Hz, 2H), 7.50 (t, J = 3.4 Hz, 2H), 7.40 (dq, J = 15.4, 7.7 Hz, 9H), 7.11 (s, 

1H), 3.78 (s, 1H), 3.55 (d, J = 14.6 Hz, 1H), 3.21 (d, J = 14.6 Hz, 1H), 2.30 (s, 

3H), 1.40 (s, 3H);
 13

C NMR (101 MHz, Chloroform-d) δ 188.6, 178.8, 165.9, 156.6, 154.7, 150.7, 
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142.2, 140.0, 138.6, 137.7, 137.5, 132.9, 132.1, 130.0, 129.0, 128.9, 128.7, 128.6, 128.2, 126.4, 125.9, 

125.4, 125.2, 123.2, 120.4, 119.3, 93.4, 72.7, 51.3, 21.5, 12.1. HRMS (ESI) m/z Calcd. for 

C37H30N3O3S ([M+H]
+
) 596.2002, Found 596.2002. Enantiomeric excess was determined to be 99% 

(determined by HPLC using chiral IC-H column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 

mL/min, tmajor = 10.8 min, tminor = 27.8 min). 

 

 

 

 

Compound 5ha 

Prepared according to the procedure within 12 h as white solid (12.4 mg, 47% 

yield). Enantiomeric excess was determined to be 97% (determined by HPLC 

using chiral IC-H column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 

mL/min, tmajor = 17.7 min, tminor = 10.7 min). 
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Compound 5’’ha 

Prepared according to the procedure within 12 h as white solid (12.4 mg, 47% 

yield). mp 117.0-120.0 
o
C; [α]

17

D  = -50.63 (c 0.21, CH2Cl2); 
1
H NMR (400 MHz, 

Chloroform-d) δ 7.79 (dd, J = 6.9, 1.5 Hz, 4H), 7.50 (t, J = 7.4 Hz, 1H), 

7.45-7.37 (m, 4H), 7.40-7.25 (m, 6H), 7.18 (t, J = 7.4 Hz, 1H), 6.98 (s, 1H), 4.50 

(s, 1H), 3.43-3.27 (m, 2H), 1.91 (s, 3H), 1.63 (s, 3H);
 13

C NMR (101 MHz, 

Chloroform-d) δ 188.7, 179.7, 167.0, 157.1, 153.8, 150.3, 142.5, 142.1, 137.5, 137.4, 132.9, 128.9, 

128.7, 128.6, 128.2, 128.1, 125.8, 125.2, 120.7, 119.2, 72.5, 51.8, 13.8, 11.8. HRMS (ESI) m/z Calcd. 

for C31H26N3O3S ([M+H]
+
) 520.1689, Found 520.1688. Enantiomeric excess was determined to be 91% 

(determined by HPLC using chiral AD-H column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 

mL/min, tmajor = 8.8 min, tminor = 12.9 min). 

 

 

 

 

Compound 5ia 

Prepared according to the procedure within 12 h as white solid (22.9 mg, 43% 

yield). mp 210.1-212.5 
o
C; [α]

15

D = 30.00 (c 0.20, CH2Cl2); 
1
H NMR (400 MHz, 

Chloroform-d) δ 7.88 (t, J = 8.3 Hz, 4H), 7.54 (d, J = 7.7 Hz, 3H), 7.49-7.36 (m, 

6H), 7.33 (d, J = 7.3 Hz, 1H), 7.21 (t, J = 7.4 Hz, 1H), 7.12 (s, 1H), 3.52 (d, J = 

14.4 Hz, 1H), 3.23 (d, J = 14.5 Hz, 1H), 2.69 (s, 1H), 2.32-2.05 (m, 2H), 1.50 (s, 3H), 1.17 (t, J = 7.4 

Hz, 3H);
 13

C NMR (101 MHz, Chloroform-d) δ 188.6, 178.3, 166.2, 160.9, 154.4, 150.2, 141.8, 140.3, 

137.8, 137.5, 133.0, 129.1, 128.9, 128.7, 128.4, 128.2, 125.6, 125.3, 120.7, 119.1, 94.2, 72.6, 51.5, 22.1, 

12.0, 9.7. HRMS (ESI) m/z Calcd. for C32H28N3O3S ([M+H]
+
) 534.1846, Found 534.1840. 

Enantiomeric excess was determined to be 99% (determined by HPLC using chiral IC-H column, 

hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 mL/min, tmajor = 27.2 min, tminor = 46.6 min) 
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Compound 5’’ia 

Prepared according to the procedure within 12 h as white solid (25.6 mg, 48% 

yield); [α]
17

D  = -95.45 (c 0.21, CH2Cl2); 
1
H NMR (400 MHz, Chloroform-d) δ 

7.84-7.74 (m, 4H), 7.50 (t, J = 7.9 Hz, 1H), 7.43-7.26 (m, 10H), 7.17 (t, J = 7.5 

Hz, 1H), 6.98 (s, 1H), 4.48 (s, 1H), 3.50-3.14 (m, 2H), 2.34-2.06 (m, 2H), 1.62 (s, 

3H), 1.20 (t, J = 7.4 Hz, 3H);
 13

C NMR (101 MHz, Chloroform-d) δ 188.7, 179.4, 167.1, 161.2, 154.2, 

150.4, 142.5, 141.8, 137.6, 137.5, 132.8, 128.9, 128.7, 128.6, 128.2, 128.0, 125.7, 125.2, 120.7, 119.3, 

94.1, 72.5, 51.8, 22.1, 11.9, 9.7. HRMS (ESI) m/z Calcd. for C32H28N3O3S ([M+H]
+
) 534.1846, Found 

534.1841. Enantiomeric excess was determined to be 87% (determined by HPLC using chiral AD-H 

column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 mL/min, tmajor = 12.7 min, tminor = 15.4 

min) 

 

 

 

 

Compound 5ja 

Prepared according to the procedure within 12 h as white solid (22.4 mg, 41% 

yield). Enantiomeric excess was determined to be 97% (determined by HPLC 

using chiral AD-H column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 

mL/min, tmajor = 18.4 min, tminor = 25.8 min). 
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Compound 5’’ja 

Prepared according to the procedure within 12 h as white solid (25.2 mg, 46%); 

[α]
17

D  = -45.65 (c 0.18, CH2Cl2); 
1
H NMR (400 MHz, Chloroform-d) δ 7.85-7.76 

(m, 4H), 7.50 (t, J = 7.4 Hz, 1H), 7.46-7.36 (m, 4H), 7.40-7.30 (m, 4H), 7.33-7.25 

(m, 1H), 7.18 (t, J = 7.4 Hz, 1H), 6.98 (s, 1H), 4.99-4.50 (m, 1H), 3.39 (d, J = 

13.1 Hz, 1H), 3.30 (d, J = 13.8 Hz, 1H), 2.44 (hept, J = 6.9 Hz, 1H), 1.62 (s, 3H), 

1.21 (d, J = 6.9 Hz, 3H), 1.13 (d, J = 6.9 Hz, 3H);
 13

C NMR (101 MHz, Chloroform-d) δ 188.7, 179.1, 

167.1, 164.5, 154.6, 150.6, 142.6, 141.7, 137.6, 137.5, 132.8, 128.9, 128.6, 128.6, 128.2, 128.0, 125.8, 

125.2, 120.7, 119.3, 94.2, 72.3, 51.8, 29.9, 20.1, 20.1, 12.1. HRMS (ESI) m/z Calcd. for C33H30N3O3S 

([M+H]
+
) 548.2002, Found 548.1999. Enantiomeric excess was determined to be 89% (determined by 

HPLC using chiral IC-H column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 mL/min, tmajor = 

10.1 min, tminor = 12.1 min). 
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Compound 5af 

Prepared according to the procedure within 12 h as yellow solid (33.2 mg, 

45% yield). Enantiomeric excess was determined to be 99% (determined by 

HPLC using chiral IC-H column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 mL/min, tmajor = 18.7 min, tminor = 12.0 min). 

 

 

 

 

 

 

Compound 5’’af 

Prepared according to the procedure within 12 h as yellow solid (31.8 mg, 

43% yield). Enantiomeric excess was determined to be 91% (determined by 

HPLC using chiral IC-H column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 mL/min, tmajor = 48.8 min, tminor = 21.0 min). 
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Synthesis of compound 6 and 7 

 

To a solution of 4aa (58.1 mg, 0.1 mmol, 1.0 equiv) in THF (1.0 mL) was added 85% mCPBA (42.6 

mg, 0.21 mmol, 2.1 equiv) at 0 
o
C. The reaction mixture was stirred at 0 

o
C for 2 h. And then the 

mixture was diluted with EtOAc (10 mL) and quenched with saturated NaHCO3 aqueous (5 mL). The 

organic phase was separated and washed with saturated NaHCO3 aqueous and brine, dried over Na2SO4, 

concentrated. The crude mixture was purified by column chromatography on silica gel 

(EtOAc/petroleum ether = 1/5) to give 6 as light-yellow oil (32.6 mg, 81% yield).
 
[α]

16

D = -37.00 (c 0.12, 

CH2Cl2); 
1
H NMR (600 MHz, Chloroform-d) δ 7.91 (d, J = 8.0 Hz, 2H), 7.88 - 7.80 (m, 2H), 7.74 - 

7.66 (m, 2H), 7.48 (t, J = 7.6 Hz, 1H), 7.44 - 7.29 (m, 8H), 7.21 (t, J = 7.5 Hz, 1H), 1.78 (s, 3H);
 13

C 

NMR (151 MHz, Chloroform-d) δ 190.2, 171.5, 167.3, 157.3, 153.6, 137.4, 136.1, 134.6, 134.3, 131.8, 

129.8, 129.4, 129.2, 128.9, 128.8, 126.3, 126.1, 74.5, 12.0. HRMS (ESI) m/z Calcd. for C26H20N3O3 

([M+H]
+
) 422.1499, Found 422.1498. Enantiomeric excess was determined to be 99% (determined by 

HPLC using chiral OD-H column, hexane/2-propanol = 7/3, λ = 254 nm, 30 
o
C, 0.8 mL/min, tmajor = 

10.0 min, tminor = 22.4 min). 
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Methanesulfonyl chloride (12.5 mg, 0.11 mmol) and then triethylamine (11.1 mg, 0.11 mmol) were 

added to a solution of 5aa (58.1 mg 0.1 mmol) in toluene (2 mL). This mixture was refluxed for 2 h 

and then poured into saturated aqueous ammonium chloride (5 mL). After separation of the organic 

layer, the aqueous phase was extracted with ethyl acetate. The combined organic phase was dried over 

magnesium sulfate. After evaporation of the solvents, the residue was purified by column 

chromatography on silica gel (petroleum ether/EtOAc = 10:1 was used as the eluent) to give 7 as 

yellow solid (44 mg, 1.17 mmol). mp 115.0 - 117.5 
o
C; [α]

16

D = 215.70 (c 0.14, CH2Cl2);
 1
H NMR (600 

MHz, Chloroform-d) δ 8.00 (d, J = 7.7 Hz, 2H), 7.96 (d, J = 8.0 Hz, 2H), 7.58 (t, J = 7.4 Hz, 1H), 7.50 

(dd, J = 8.0, 3.8 Hz, 4H), 7.44 (t, J = 8.0 Hz, 3H), 7.42 (d, J = 6.2 Hz, 3H), 7.37 (t, J = 7.6 Hz, 3H), 

7.33 (s, 1H), 7.29 (s, 1H), 7.24 (d, J = 7.7 Hz, 1H), 6.64 (s, 1H), 1.43 (s, 3H); 
13

C NMR (151 MHz, 

Chloroform-d) δ 189.1, 177.7, 165.6, 155.8, 154.1, 147.8, 140.9, 138.1, 137.8, 137.7, 132.9, 131.2, 

131.1, 130.2, 129.3, 129.0, 129.0, 128.8, 128.7, 128.1, 125.9, 119.8, 119.2, 94.0, 13.2. HRMS (ESI) 

m/z Calcd. for C36H26N3O2S ([M+H]
+
) 564.1740, Found 564.1741. Enantiomeric excess was 

determined to be 96% (determined by HPLC using chiral OD-H column, hexane/2-propanol = 7/3, λ = 

254 nm, 30 
o
C, 0.8 mL/min, tmajor = 10.4 min, tminor = 9.4 min). 
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3. X-ray structures of 5af and 5’’af 
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5. NMR spectra for compounds  
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