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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: [𝑎]𝐷
𝑇  (c g/100 mL, solvent). All 1H 

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

Avance Ⅲ  471 MHz respectively, 13C NMR spectra were recorded on a Bruker 

Avance Ⅱ 101 MHz or Bruker Avance Ⅲ 126 MHz with chemical shifts reported as 

ppm (in CDCl3, TMS as an internal standard). Data for 1H 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 an HRMS/MS instrument (LTQ Orbitrap XL TM). The 

absolute configuration of 4ad was assigned by the X-ray analysis.  

Starting materials: All the aldehydes were commercially obtained and 

recrystallized or distilled prior to use. (1) 4-Amino pyrazolones were prepared 

following the reported procedures: 5 X. Bao, S. Wei, X. Qian, J. Qu, B. Wang, L. 

Zou and G. Ge, Org. Lett., 2018, 20, 3394. (2) Methyleneindolinones were synthesized 

according to following literature procedures: (a) K. Suman, L. Srinu and S. Thennarasu, 

Org. Lett., 2014, 16, 3732; (b) A. Huang, J. J. Kodanko and L. E. Overman, J. Am. 

Chem. Soc., 2004, 126, 14043. 

2. Experimental sections 

General procedure for the synthesis of 4 

 

In a reaction tube, 4-amino pyrazolone 1 (0.24 mmol), methyleneindolinone 3 (0.2 

mmol), catalyst (0.02 mmol) and 3 Å MS (200 mg) were added into toluene (2 mL). 

Then aldehyde 2 (0.24 mmol) was added and the reaction solution was stirred at 25 oC. 

After the reaction was complete (monitored by TLC), the crude product was purified 

by column chromatography (ethyl acetate/petroleum ether = 1/20 to 1/4) on silica gel 

to give the product 4. 

 

Table 1: Optimization of reaction conditions. a BPA=chiral phosphoric acid. 
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entry Cat. Additives Solvent t[h] Yield[%]b drc ee[%]d 

1 BPA-1 3 Å DCM 59 74 >20:1 35 

2 BPA-2 3 Å DCM 59 94 >20:1 65 

3 BPA-3 3 Å DCM 59 53 >20:1 25 

4 BPA-4 3 Å DCM 59 70 >20:1 25 

5 BPA-5 3 Å DCM 59 64 >20:1 0 

6 BPA-6 3 Å DCM 59 83 >20:1 93 

7 BPA-7 3 Å DCM 59 65 >20:1 90 

8 BPA-6 3 Å CHCl3 43 78 >20:1 78 

9 BPA-6 3 Å THF 13 73 >20:1 40 

10 BPA-6 3 Å Et2O 13 85 >20:1 76 

11 BPA-6 3 Å Tol 24 85 >20:1 96 

12e BPA-6 3 Å Tol 67 96 >20:1 95 

13e BPA-6 4 Å Tol 60 88 >20:1 95 

14e BPA-6 5 Å Tol 36 85 >20:1 96 

15e BPA-6 MgSO4 Tol 36 82 >20:1 95 

16e BPA-6 - Tol 84 72 >20:1 95 

17e,f BPA-6 3 Å Tol 60 86 >20:1 95 

18e,f,g BPA-6 3 Å Tol 60 97 >20:1 95 

aThe reaction was conducted with 1a (0.1 mmol), 2a (0.12 mmol), 3a (0.12 mmol) and cat. (0.01 mmol), MS (100 

mg) in solvent (1.0 mL) at room temperature under argon. bIsolated yield. cDetected by 1HNMR of the crude product. 

dDetected by chiral HPLC analysis. eWithout Na2CO3  fNo protection. gA the ratio of 1a/2a/3a was 1.2/1.2/1. 

 

Gram-scale reaction 
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In a reaction tube, 4-amino pyrazolone 1a (0.264 mmol), 3a (0.22 mmol), BPA-6 

(0.022 mmol) and 3 Å MS (220 mg) were added into toluene (2.2 mL). Then aldehyde 

2a (0.264 mmol) was added and the reaction solution was stirred at 25 ℃. After the 

reaction was complete (monitored by TLC), the crude product was purified by column 

chromatography (ethyl acetate/petroleum ether = 1/20 to 1/4) on silica gel to give the 

product 4aa with 81% yield, >20:1 dr and 95% ee. 

 

Procedure for the Synthesis of 5 

 
A reaction tube was charged with 4aa (0.2 mmol) and dioxane (2 mL), then DDQ 

(0.6 mmol) was added. The reaction was stirred at room temperature until it was 

complete (monitored by TLC), then the crude product was purified by column 

chromatography (ethyl acetate/petroleum ether = 1/10) on silica gel to give the product 

5 as a white solid. 



S4 

 

Copies of 1H NMR and 13C NMR spectra 

4aa 

Prepared according to the procedure within 72 h as White 

solid (110.6 mg, 97% yield, dr > 20:1). mp 176.2 – 177.5 oC; 

[𝛼]𝐷
19  = -385.22 (c 0.46, CH2Cl2); 

1H NMR (400 MHz, 

CDCl3) δ 8.69 (d, J = 7.7 Hz, 2H), 8.05 – 8.11 (m, 3H), 7.58 

– 7.65 (m, 2H), 7.56 – 7.42 (m, 3H), 7.31 (dd, J = 7.6 Hz, 1H), 

7.25 – 7.14 (m, 5H), 7.13 – 7.00 (m, 2H), 6.69 (d, J = 7.5 Hz, 

1H), 5.95 (s, 1H), 4.72 (s, 1H), 3.79 – 3.38 (m, 2H), 2.79 (s, 

3H), 2.68 (s, 1H), 0.49 (t, J = 6.9 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 177.43, 

175.08, 167.67, 155.14, 143.88, 138.18, 136.45, 130.73, 129.70, 129.59, 129.00, 

128.90, 128.65, 128.16, 127.92, 127.64, 126.71, 125.67, 125.32, 123.43, 119.28, 107.42, 

70.87, 69.21, 60.85, 60.41, 58.44, 26.02, 13.17; HRMS (ESI) m/z Calcd. for 

C35H31N4O4
+ ([M+H]+) 571.2340, Found 571.2323; Enantiomeric excess was 

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

propanol = 70/30, λ = 254 nm, 30 ℃, 0.8 mL/min, tmajor = 9.9 min, tminor = 18.0 min). 

 

 



S5 

 

 

 



S6 

 

 

 

4ab 

Prepared according to the procedure within 72 h as White solid 

(93.0 mg, 79% yield, dr > 20:1). mp 110.0 – 110.5 oC; [𝛼]𝐷
18 

= -341.31 (c 0.49, CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 8.66 

(d, J = 7.6 Hz, 2H), 8.16 – 8.15 (m, 3H), 7.82 – 7.91 (m, 1H), 

7.70 – 7.50 (m, 2H), 7.54 – 7.43 (m, 3H), 7.29 – 7.09 (m, 5H), 

6.74 - 6.82 (m, 1H), 6.69 (d, J = 7.6 Hz, 1H), 6.28 (d, J = 3.8 

Hz, 1H), 4.73 (s, 1H), 3.46 - 3.66 (m, 2H), 2.87 (s, 3H), 2.60 

(d, J = 3.8 Hz, 1H), 0.48 (t, J = 7.1 Hz, 3H); 19F NMR (470 

MHz, CDCl3) δ -116.57; 13C NMR (101 MHz, CDCl3) δ 177.42, 174.97, 167.51, 154.87, 

143.74, 138.12, 130.73, 129.73 （J = 3.6 Hz）, 129.53, 129.42 (J = 3.8 Hz), 129.41, 

128.99, 128.92, 128.49, 127.54, 125.86, 125.34, 123.87, 123.84, 123.71, 123.42, 119.27, 

114.57 (J = 21.5 Hz), 107.26, 70.77, 62.03, 60.89, 59.87, 58.88, 26.18, 13.12; HRMS 

(ESI) m/z Calcd. for C35H30FN4O4
+ ([M+H]+) 589.2246, Found 589.2234; 

Enantiomeric excess was determined to be 90% (determined by HPLC using chiral AD-

H column, hexane/2-propanol = 70/30, λ = 254 nm, 30 ℃, 0.8 mL/min, tmajor = 9.2 min, 

tminor = 14.0 min). 
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4ac 

Prepared according to the procedure within 72 h as White solid 

(125.7 mg, 97% yield, dr > 20:1). mp 133.3 – 134.0 oC; [𝛼]𝐷
17 

= -285.85 (c 0.83, CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 8.65 

(d, J = 7.5 Hz, 2H), 8.21 – 8.00 (m, 4H), 7.56 – 7.65 (m, 2H), 

7.55 – 7.42 (m, 3H), 7.40 – 7.20 (m, 4H), 7.15 – 7.03 (m, 2H), 

6.67 (d, J = 7.7 Hz, 1H), 6.44 (d, J = 1.8 Hz, 1H), 4.77 (s, 1H), 

3.73 – 3.42 (m, 2H), 2.87 (s, 3H), 2.52 (d, J = 2.2 Hz, 1H), 0.47 

(t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 177.21, 

174.95, 167.54, 154.74, 144.00, 138.13, 135.86, 132.50, 131.58, 130.72, 129.57, 

129.54, 129.15, 128.99, 128.93, 128.68, 127.53, 127.00, 126.92, 125.35, 123.58, 

123.38, 119.31, 107.49, 70.62, 66.31, 60.88, 60.06, 58.76, 26.26, 13.14; HRMS (ESI) 

m/z Calcd. for C35H30BrN4O4
+ ([M+H]+) 649.1445, Found 649.1436; Enantiomeric 

excess was determined to be 97% (determined by HPLC using chiral AD-H column, 

hexane/2-propanol = 70/30, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 6.0 min, tminor = 7.3 

min). 
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4ad 

Prepared according to the procedure within 84 h as White 

solid (108.7 mg, 90% yield, dr > 20:1). mp 143.8 – 144.5 
oC; [𝛼]𝐷

19  = -402.59 (c 0.42, CH2Cl2); 
1H NMR (400 

MHz, Chloroform-d) δ 8.68 – 8.45 (m, 2H), 8.29 – 7.87 

(m, 3H), 7.64 – 7.55 (m, 2H), 7.54 – 7.46 (m, 1H), 7.45 – 

7.38 (m, 2H), 7.34 – 7.25 (m, 1H), 7.22 – 7.06 (m, 4H), 

7.04 – 6.96 (m, 2H), 6.77 – 6.65 (m, 1H), 5.84 (d, J = 3.8 

Hz, 1H), 4.66 (s, 1H), 3.56 (ddq, J = 43.0, 10.7, 7.1 Hz, 

2H), 2.82 (s, 3H), 2.69 (d, J = 4.0 Hz, 1H), 0.47 (t, J = 7.1 

Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 177.14, 175.06, 167.51, 154.98, 143.84, 138.91, 

138.04, 133.81, 130.79, 129.47, 129.36, 129.25, 129.02, 128.93, 128.29, 127.61, 

126.80, 125.61, 125.40, 124.86, 123.60, 119.25, 107.58, 70.83, 68.42, 60.92, 60.17, 

58.50, 26.15, 13.16; HRMS (ESI) m/z Calcd. for C35H30ClN4O4 ([M+H]+) 605.1950, 

Found 605.1947; Enantiomeric excess was determined to be 97% (determined by 

HPLC using chiral AD-H column, hexane/2-propanol = 70/30, λ = 254 nm, 30 oC, 0.8 

mL/min, tmajor = 11.6 min, tminor = 20.4 min).  
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4ae 

Prepared according to the procedure within 84 h as White 

solid (116.6 mg, 90% yield, dr > 20:1). mp 135.0 – 135.5 oC; 

[𝛼]𝐷
20  = -333.38 (c 0.71, CH2Cl2); 

1H NMR (400 MHz, 

CDCl3) δ 8.65 (d, J = 7.5 Hz, 2H), 8.20 – 8.00 (m, 4H), 7.56 

– 7.80 (m, 2H), 7.54 – 7.43 (m, 3H), 7.40 – 7.20 (m, 4H), 

7.15 – 7.03 (m, 2H), 6.67 (d, J = 7.7 Hz, 1H), 6.44 (d, J = 

1.8 Hz, 1H), 4.77 (s, 1H), 3.70 – 3.42 (m, 2H), 2.87 (s, 3H), 

2.52 (d, J = 2.2 Hz, 1H), 0.47 (t, J = 7.1 Hz, 3H); 13C NMR 

(101 MHz, CDCl3) δ 177.21, 174.95, 167.54, 154.74, 144.00, 

138.13, 135.86, 132.50, 131.58, 130.72, 129.57, 129.54, 

129.15, 128.99, 128.93, 128.68, 127.53, 127.00, 126.92, 125.35, 123.58, 123.38, 119.31, 

107.49, 70.62, 66.31, 60.88, 60.06, 58.76, 26.26, 13.14; HRMS (ESI) m/z Calcd. for 

C35H30BrN4O4
+ ([M+H]+) 649.1445, Found 649.1438; Enantiomeric excess was 

determined to be 97% (determined by HPLC using chiral AD-H column, hexane/2-

propanol = 70/30, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 13.8 min, tminor = 17.1 min). 
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4af 

Prepared according to the procedure within 94 h as White 

solid (108.5 mg, 90% yield, dr > 20:1). mp 126.3 – 126.7 oC; 

[𝛼]𝐷
20  = -328.93 (c 0.76, CH2Cl2); 

1H NMR (400 MHz, 

CDCl3) δ 8.66 (d, J = 7.6 Hz, 2H), 8.03 – 8.18 (m, 3H), 7.73 

(dd, J = 7.7 Hz, 1H), 7.40 – 7.64 (m, 5H), 7.21 – 7.30(m, 2H), 

7.14 (m, J = 7.5 Hz, 1H), 6.96 (d, J = 7.9 Hz, 1H), 6.70 (d, J 

= 7.7 Hz, 1H), 6.59 (d, J = 11.1 Hz, 1H), 6.24 (s, 1H), 4.72 (s, 

1H), 3.67 – 3.42 (m, 2H), 2.90 (s, 3H), 2.59 (s, 1H), 2.26 (s, 

3H), 0.48 (t, J = 7.1 Hz, 3H); 19F NMR (470 MHz, CDCl3) δ 

-117.64; 13C NMR (101 MHz, CDCl3) δ 177.56, 175.01, 167.54, 159.22, 154.91, 143.77, 

139.85, 138.15, 130.71, 129.54, 129.28 (J = 2.8 Hz), 128.97, 128.91, 128.43, 127.55, 
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125.85, 125.31, 124.64 (J = 2.6 Hz), 123.39, 119.27, 115.10 (J = 21.1 Hz), 107.22, 

70.74, 62.07, 60.86, 59.83, 58.95, 26.23, 21.04, 13.11; HRMS (ESI) m/z Calcd. for 

C36H32FN4O4
+ ([M+H]+) 603.2402, Found 603.2390; Enantiomeric excess was 

determined to be 90 % (determined by HPLC using chiral AD-H column, hexane/2-

propanol = 70/30, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 18.4 min, tminor = 16.1 min). 
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4ag 

Prepared according to the procedure within 108 h as White 

solid (113.4 mg, 97% yield, dr > 20:1). mp 130.2 – 131.1 oC; 

[𝛼]𝐷
19 = -303.20 (c 0.44, CH2Cl2);

 1H NMR (400 MHz, CDCl3) 

δ 8.67 (d, J = 7.6 Hz, 2H), 8.08 (d, J = 7.7 Hz, 3H), 7.70 – 

7.59 (m, 2H), 7.53 – 7.43 (m, 3H), 7.29 (dd, J = 7.5 Hz, 1H), 

7.22 (d, J = 7.4 Hz, 1H), 7.15 (dd, J = 7.5 Hz, 1H), 7.07 (dd, 

J = 7.5 Hz, 1H), 6.99 (d, J = 7.5 Hz, 1H), 6.91 (d, J = 7.6 Hz, 

1H), 6.78 (s, 1H), 6.68 (d, J = 7.7 Hz, 1H), 5.87 (s, 1H), 4.69 

(s, 1H), 3.70 – 3.45 (m, 2H), 2.79 (s, 3H), 2.57 (s, 1H), 2.19 (s, 3H), 0.49 (t, J = 7.1 Hz, 

3H); 13C NMR (101 MHz, CDCl3) δ 177.44, 175.09, 167.73, 155.14, 143.93, 138.18, 
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137.31, 136.40, 130.70, 129.82, 129.59, 128.99, 128.88, 128.81, 128.62, 127.80, 

127.65, 127.27, 125.64, 125.30, 123.68, 123.40, 119.28, 107.32, 70.85, 69.16, 60.84, 

60.39, 58.48, 26.05, 21.44, 13.17; HRMS (ESI) m/z Calcd. for C36H33N4O4
+ ([M+H]+) 

585.2496, Found 585.2506; Enantiomeric excess was determined to be 93% 

(determined by HPLC using chiral AD-H column, hexane/2-propanol = 70/30, λ = 254 

nm, 30 oC, 0.8 mL/min, tmajor = 9.9 min, tminor = 18.9 min). 
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4ah 

Prepared according to the procedure within 96 h as White 

solid (114.5 mg, 98% yield, dr > 20:1). mp 126.3 – 127.0 oC; 

[𝛼]𝐷
20  = -281.98 (c 1.09, CH2Cl2); 

1H NMR (400 MHz, 

CDCl3) δ 8.64 (d, J = 7.5 Hz, 2H), 8.12 – 8.05 (m, 3H), 7.60 

– 7.50 (m, 2H), 7.45 (dd, J = 14.8, 7.3 Hz, 3H), 7.30 – 7.17 

(m, 2H), 7.12 (dd, J = 7.5 Hz, 1H), 6.94 (q, J = 8.2 Hz, 4H), 

6.65 (d, J = 7.7 Hz, 1H), 5.82 (s, 1H), 4.65 (s, 1H), 3.75 – 3.37 

(m, 2H), 2.77 (s, 3H), 2.38 (s, 1H), 2.21 (s, 3H), 0.45 (t, J = 

7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 177.57, 175.08, 

167.70, 155.13, 143.88, 138.23, 137.74, 133.52, 130.71, 
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129.84, 129.60, 129.02, 128.88, 128.62, 128.58, 127.64, 126.57, 125.67, 125.26, 

123.40, 119.19, 107.39, 70.82, 68.99, 60.80, 60.37, 58.55, 26.07, 21.16, 13.18; HRMS 

(ESI) m/z Calcd. for C36H33N4O4
+ ([M+H]+) 585.2496, Found 585.2487; Enantiomeric 

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

hexane/2-propanol = 70/30, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 16.8 min, tminor = 

19.7 min). 
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4ai 

Prepared according to the procedure within 84 h as White 

solid (91.2 mg, 76% yield, dr > 20:1). mp 122.2 – 123.5 oC; 

[𝛼]𝐷
19 = -221.5 (c 0.53, CH2Cl2);

 
1H NMR (400 MHz, CDCl3) 

δ 8.74 – 8.66 (m, 2H), 8.18 – 8.08 (m, 3H), 7.70 – 7.58 (m, 

2H), 7.54 – 7.47 (m, 3H), 7.32 (td, J = 7.7, 0.9 Hz, 1H), 7.26 

(dd, J = 7.4 Hz, 1H), 7.18 (td, J = 7.6, 0.7 Hz, 1H), 7.05 (d, J 

= 8.6 Hz, 2H), 6.69 – 6.78 (m, 3H), 5.89 (s, 1H), 4.72 (s, 1H), 

3.75 (s, 3H), 3.71 – 3.50 (m, 2H), 2.85 (s, 3H), 2.60 (s, 1H), 

0.51 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 

177.61, 175.09, 167.73, 159.42, 155.15, 143.83, 138.19, 

130.71, 129.78, 129.61, 128.99, 128.87, 128.58, 128.41, 127.98, 127.64, 125.62, 

125.29, 123.39, 119.24, 113.26, 107.40, 70.77, 68.90, 60.82, 60.36, 58.39, 55.13, 26.12, 
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13.17; HRMS (ESI) m/z Calcd. for C36H33N4O5
+ ([M+H]+) 601.2445, Found 601.2441; 

Enantiomeric excess was determined to be 81% (determined by HPLC using chiral AD-

H column, hexane/2-propanol = 70/30, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 29.4 

min, tminor = 25.4 min). 
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4aj 

Prepared according to the procedure within 72 h as White 

solid (81.2 mg, 66% yield, dr > 20:1). mp 192.6 – 193.5 oC; 

[𝛼]𝐷
20  = -340.00 (c 0.29, CH2Cl2);

 1H NMR (400 MHz, 

CDCl3) δ 8.71 – 8.60 (m, 2H), 8.17 – 8.05 (m, 1H), 7.97 – 

7.94 (m, 1H), 7.65 – 7.58 (m, 2H), 7.56 – 7.44 (m, 4H), 7.43 

– 7.33 (m, 2H), 7.28 – 7.19 (m, 3H), 6.75 (d, J = 7.6 Hz, 1H), 

6.05 (s, 1H), 4.72 (s, 1H), 3.67 – 3.49 (m, 2H), 2.82 (s, 3H), 

0.50 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 

176.93, 174.99, 167.25, 154.82, 147.96, 143.66, 139.18, 

137.95, 132.73, 130.91, 129.33, 129.25, 129.03, 128.98, 127.53, 125.76, 125.51, 

123.89, 123.17, 121.80, 119.30, 107.80, 70.90, 68.04, 61.04, 60.11, 58.58, 26.18, 13.14; 

HRMS (ESI) m/z Calcd. for C35H30N5O6
+ ([M+H]+) 616.2191, Found 616.2185; 
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Enantiomeric excess was determined to be 99% (determined by HPLC using chiral AD-

H column, hexane/2-propanol = 70/30, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 8.5 min, 

tminor = 14.2 min). 
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4ak 

Prepared according to the procedure within 94 h as White 

solid (107.0 mg, 87% yield, dr > 20:1). mp 144.2 – 144.9 
oC; [𝛼]𝐷

17 = -376.20 (c 0.84, CH2Cl2); 1H NMR (400 MHz, 

CDCl3) δ 8.68 – 8.57 (m, 2H), 8.15 – 8.00 (m, 5H), 7.66 – 

7.40 (m, 5H), 7.37 – 7.09 (m, 5H), 6.73 (d, J = 7.7 Hz, 1H), 

6.01 (d, J = 3.3 Hz, 1H), 4.68 (s, 1H), 3.68 – 3.46 (m, 2H), 

2.86 (d, J = 3.9 Hz, 1H), 2.82 (s, 3H), 0.47 (t, J = 7.1 Hz, 

3H); 13C NMR (101 MHz, CDCl3) δ 176.88, 175.01, 167.20, 

154.78, 147.77, 144.27, 143.75, 137.89, 130.90, 129.34, 

129.21, 129.03, 128.96, 128.95, 127.57, 127.52, 125.68, 

125.52, 123.77, 123.19, 119.26, 107.79, 70.93, 68.12, 61.05, 
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60.16, 58.67, 26.20, 13.13; HRMS (ESI) m/z Calcd. for C35H30N5O6
+ ([M+H]+) 

616.2191, Found 616.2181; Enantiomeric excess was determined to be 99% 

(determined by HPLC using chiral AD-H column, hexane/2-propanol = 70/30, λ = 254 

nm, 30 oC, 0.8 mL/min, tmajor = 15.9 min, tminor = 31.7 min). 
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4al 

Prepared according to the procedure within 94 h as White solid (107.1 mg, 90% yield, 

dr > 20:1). mp 145.4 – 145.9 oC; [𝛼]𝐷
21 = -380.61 (c 0.89, CH2Cl2); 1H NMR (400 

MHz, CDCl3) δ 8.66 – 8.57 (m, 2H), 8.07 – 7.97 (m, 3H), 7.62 – 7.55 (m, 2H), 7.54 – 

7.46 (m, 3H), 7.44 – 7.37 (m, 2H), 7.31 (td, J = 7.7, 1.0 Hz, 1H), 7.22 – 7.14 (m, 3H), 
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7.10 – 7.04 (m, 1H), 6.71 (d, J = 7.7 Hz, 1H), 5.93 (d, J = 3.8 

Hz, 1H), 4.65 (s, 1H), 3.71 – 3.43 (m, 2H), 2.84 (d, J = 4.0 

Hz, 1H), 2.81 (s, 3H), 0.46 (t, J = 7.1 Hz, 3H); 13C NMR (101 

MHz, CDCl3) δ 176.92, 175.03, 167.24, 154.81, 143.73, 

142.33, 137.90, 131.79, 130.86, 129.36, 129.12, 129.05, 

129.02, 128.92, 127.53, 127.43, 125.63, 125.47, 123.70, 

119.22, 118.72, 111.91, 107.73, 70.90, 68.34, 61.01, 60.16, 

58.60, 26.15, 13.13; HRMS (ESI) m/z Calcd. for 

C36H30N5O4
+ ([M+H]+) 596.2292, Found 596.2285; 

Enantiomeric excess was determined to be 99% (determined 

by HPLC using chiral AD-H column, hexane/2-propanol = 70/30, λ = 254 nm, 30 oC, 

0.8 mL/min, tmajor = 14.9 min, tminor = 20.6 min). 
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4am 

Prepared according to the procedure within 84 h as White 

solid (109.4 mg, 95% yield, dr > 20:1). mp 145.3 – 146.9 oC; 

[𝛼]𝐷
20  = -289.30 (c 0.94, CH2Cl2);

 1H NMR (400 MHz, 

CDCl3) δ 8.63 (d, J = 7.4 Hz, 2H), 8.02 – 8.10 (m, 3H), 7.60 

– 7.54 (m, 2H), 7.53 – 7.42 (m, 3H), 7.27 – 7.33 (m, 1H), 7.19 

– 7.24 (m, 1H), 7.11 – 7.17 (m, 2H), 6.85 (dd, J = 4.9, 3.6 Hz, 

1H), 6.66 – 6.76 (m, 2H), 6.15 (d, J = 3.7 Hz, 1H), 4.71 (s, 

1H), 3.71 – 3.43 (m, 2H), 2.92 (s, 3H), 2.88 (d, J = 4.1 Hz, 

1H)., 0.48 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 177.22, 174.94, 167.49, 

154.94, 144.04, 140.00, 138.09, 130.79, 129.47, 129.34, 129.00, 128.88, 128.78, 

127.66, 126.50, 125.67, 125.38, 125.06, 124.45, 123.48, 119.28, 107.52, 70.69, 65.90, 

60.90, 60.20, 58.45, 26.26, 13.15; HRMS (ESI) m/z Calcd. for C33H29N4O4S
+ ([M+H]+) 

577.1904, Found 577.1902; Enantiomeric excess was determined to be 96% 

(determined by HPLC using chiral AD-H column, hexane/2-propanol = 70/30, λ = 254 

nm, 30 oC, 0.8 mL/min, tmajor = 12.6 min, tminor = 32.9 min). 
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4an 

Prepared according to the procedure within 72 h as White 

solid (119.1 mg, 96% yield, dr > 20:1). mp 126.0 – 126.9 oC; 

[𝛼]𝐷
19  = -364.95 (c 0.43, CH2Cl2);

 1H NMR (400 MHz, 

CDCl3) δ 8.84 – 8.68 (m, 2H), 8.26 – 8.06 (m, 3H), 7.60 – 

7.80 m, 5H), 7.58 – 7.45 (m, 4H), 7.44 – 7.38 (m, 2H), 7.29 – 

7..36 (m, 1H), 7.17 – 7.28 (m, 3H), 6.66 (d, J = 7.6 Hz, 1H), 

6.11 (s, 1H), 4.77 (s, 1H), 3.77 – 3.46 (m, 2H), 2.67 – 2.82 (m, 

3H), 0.50 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 

177.43, 175.13, 167.68, 155.15, 143.96, 138.16, 134.04, 

133.28, 132.84, 130.77, 129.77, 129.60, 129.00, 128.93, 128.74, 128.26, 127.68, 

127.55, 127.50, 125.91, 125.84, 125.72, 125.36, 124.65, 123.49, 119.33, 107.47, 70.92, 

69.29, 60.89, 60.37, 58.69, 26.09, 13.16; HRMS (ESI) m/z Calcd. for C39H33N4O4
+ 

([M+H]+) 621.2496, Found 621.2494; Enantiomeric excess was determined to be 94% 

(determined by HPLC using chiral AD-H column, hexane/2-propanol = 70/30, λ = 254 

nm, 30 oC, 0.8 mL/min, tmajor = 12.1 min, tminor = 30.6 min). 
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4ao 

Prepared according to the procedure within 96 h as White 

solid (80.7 mg, 70% yield, dr > 20:1). mp 105.6 – 105.2 oC; 

[𝛼]𝐷
20  = -128.36 (c 0.40, CH2Cl2);

 1H NMR (400 MHz, 

CDCl3) δ 7.83 (d, J = 8.1 Hz, 2H), 7.43 – 7.35 (m, 4H), 7.23 

– 7.12 (m, 2H), 7.08  – 7.02 (m, 3H), 6.88 (dd, J = 7.8 Hz, 

1H), 6.50 (d, J = 7.8 Hz, 1H), 6.39 (dd, J = 7.6 Hz, 1H), 4.27 

(d, J = 9.0 Hz, 1H), 4.04 (t, J = 9.1 Hz, 1H), 3.71 – 3.53 (m, 

2H), 3.11 (s, 3H), 2.40 - 2.28 (m, 1H), 2.03 (d, J = 11.4 Hz, 

1H), 1.82 – 1.62 (m, 4H), 1.37 – 1.11 (m, 6H), 0.63 (t, J = 7.1 Hz, 3H); 13C NMR (101 

MHz, CDCl3) δ 175.33, 172.30, 169.26, 157.88, 142.79, 137.34, 133.24, 129.04, 129.02, 

128.81, 128.10, 127.58, 127.47, 125.48, 123.81, 121.89, 119.85, 106.97, 64.49, 63.69, 

60.26, 52.09, 43.95, 32.03, 30.13, 26.69, 26.27, 25.97, 25.93, 13.54; HRMS (ESI) m/z 

Calcd. for C35H37N4O4
+ ([M+H]+) 577.2809, Found 577.2811; Enantiomeric excess 

was determined to be 33% (determined by HPLC using chiral AD-H column, hexane/2-

propanol = 70/30, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 22.8 min, tminor = 8.7 min). 
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4ba 

Prepared according to the procedure within 84 h as White solid 

(114.7 mg, 95% yield, dr > 20:1). mp 138.9 – 139.5 oC; [𝛼]𝐷
19 

= -276.16 (c 0.58, CH2Cl2);
 1H NMR (400 MHz, CDCl3) δ 8.66 

(d, J = 7.4 Hz, 2H), 8.08 – 8.18 (m, 3H), 7.63 – 7.45 (m, 5H), 

7.33 – 7.19 (m, 5H), 7.06 – 7.13 (m, 2H), 6.62 (d, J = 8.3 Hz, 

1H), 5.89 (d, J = 3.8 Hz, 1H), 4.70 (s, 1H), 3.53 – 3.64(m, 2H), 

2.76 (s, 3H), 2.62 (d, J = 3.9 Hz, 1H), 0.58 (t, J = 7.1 Hz, 3H); 
13C NMR (101 MHz, CDCl3) δ 177.01, 174.80, 167.35, 154.97, 142.46, 138.09, 135.97, 

131.46, 130.79, 129.53, 129.03, 128.93, 128.76, 128.71, 128.39, 128.00, 127.59, 

126.73, 126.10, 125.41, 119.21, 108.41, 70.80, 69.15, 61.10, 60.46, 58.05, 26.13, 13.31; 

HRMS (ESI) m/z Calcd. for C35H30ClN4O4
+ ([M+H]+) 605.1950, Found 605.1953; 

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

H column, hexane/2-propanol = 70/30, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 7.0 min, 

tminor = 14.9 min). 



S37 

 

 

 

 



S38 
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4ca 

Prepared according to the procedure within 84 h as White solid 

(103.7 mg, 80% yield, dr > 20:1). mp 134.0 – 134.6 oC; [𝛼]𝐷
18 

= 254.18 (c 0.69, CH2Cl2);
 1H NMR (400 MHz, CDCl3) δ 8.65 

(d, J = 7.4 Hz, 2H), 8.27 (d, J = 1.9 Hz, 1H), 8.11 (d, J = 7.8 

Hz, 2H), 7.65 – 7.55 (m, 2H), 7.54 – 7.43 (m, 4H), 7.28 – 7.19 

(m, 4H), 7.13 – 7.06 (m, 2H), 6.57 (d, J = 8.2 Hz, 1H), 5.88 (d, 

J = 4.0 Hz, 1H), 4.69 (s, 1H), 3.84 – 3.53 (m, 2H), 2.75 (s, 3H), 

2.61 (d, J = 4.1 Hz, 1H), 0.59 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 176.91, 

174.77, 167.34, 154.94, 142.93, 138.11, 135.96, 131.81, 131.66, 130.79, 129.54, 129.04, 

128.93, 128.78, 128.39, 128.00, 127.58, 126.74, 125.40, 119.19, 116.05, 108.93, 70.79, 

69.12, 61.13, 60.41, 58.04, 26.11, 13.33; HRMS (ESI) m/z Calcd. for C35H30BrN4O4
+ 

([M+H]+) 649.1445, Found 649.1444; Enantiomeric excess was determined to be 83% 

(determined by HPLC using chiral AD-H column, hexane/2-propanol = 70/30, λ = 254 

nm, 30 oC, 0.8 mL/min, tmajor = 6.3 min, tminor = 12.4 min). 
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4da 

Prepared according to the procedure within 96 h as White 

solid (97.2 mg, 81% yield, dr > 20:1). mp 129.3 – 130.7 
oC; [𝛼]𝐷

15 = -289.96 (c 0.76, CH2Cl2);
 1H NMR (400 MHz, 

CDCl3) δ 8.70 – 8.63 (d, J = 7.5 Hz, 2H), 8.15 – 8.07 (d, J 

= 7.8 Hz, 2H), 7.86 (d, J = 2.5 Hz, 1H), 7.62 – 7.55 (m, 

2H), 7.53 – 7.43 (m, 3H), 7.24 – 7.14 (m, 4H), 7.13 – 7.05 

(m, 2H), 6.84 (dd, J = 8.4, 2.5 Hz, 1H), 6.59 (d, J = 8.4 Hz, 

1H), 5.88 (d, J = 4.1 Hz, 1H), 4.71 (s, 1H), 3.87 (s, 3H), 

3.75 – 3.49 (m, 2H), 2.75 (s, 3H), 2.55 (d, J = 4.1 Hz, 1H), 0.54 (t, J = 7.1 Hz, 3H); 13C 

NMR (101 MHz, CDCl3) δ 177.12, 175.03, 167.63, 156.67, 155.06, 138.26, 137.44, 

136.47, 131.00, 130.72, 129.58, 128.95, 128.90, 128.14, 127.90, 127.62, 126.70, 

125.23, 119.14, 113.50, 112.55, 107.86, 70.84, 69.32, 60.87, 60.79, 58.38, 55.99, 26.11, 

13.27; HRMS (ESI) m/z Calcd. for C36H33N4O5
+ ([M+H]+) 601.2445, Found 601.2439; 

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

H column, hexane/2-propanol = 70/30, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 8.1 min, 

tminor = 12.3 min). 
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4ea 

Prepared according to the procedure within 96 has White solid 

(97.0 mg, 83% yield, dr > 20:1). mp 129.0 – 129.6 oC; [𝛼]𝐷
14 

= -318.26 (c 0.56, CH2Cl2);
 1H NMR (400 MHz, CDCl3) δ 

8.75 – 8.65 (m, 2H), 8.16 – 8.09 (m, 2H), 7.91 (s, 1H), 7.65 – 

7.59 (m, 2H), 7.55 – 7.46 (m, 3H), 7.28 – 7.24 (m, 2H), 7.23 

– 7.16 (m, 3H), 7.14 – 7.06 (m, 3H), 6.59 (d, J = 7.8 Hz, 1H), 

5.93 (d, J = 3.8 Hz, 1H), 4.71 (s, 1H), 3.79 – 3.45 (m, 2H), 

2.77 (s, 3H), 2.61 (d, J = 4.0 Hz, 1H), 2.44 (s, 3H), 0.51 (t, J 

= 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 177.39, 175.07, 167.77, 155.17, 141.56, 

138.21, 136.47, 132.93, 130.72, 129.64, 129.59, 128.99, 128.91, 128.88, 128.11, 127.88, 

127.66, 126.69, 126.23, 125.30, 119.27, 107.21, 70.83, 69.18, 60.80, 60.51, 58.35, 

26.04, 21.48, 13.18; HRMS (ESI) m/z Calcd. for C36H33N4O4
+ ([M+H]+) 585.2496, 

Found 585.2489; Enantiomeric excess was determined to be 94% (determined by 

HPLC using chiral AD-H column, hexane/2-propanol = 70/30, λ = 254 nm, 30 oC, 0.8 

mL/min, tmajor = 6.1 min, tminor = 8.5 min). 
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4fa 

Prepared according to the procedure within 72 h as White solid 

(104.5 mg, 94% yield, dr > 20:1). mp 214.6 – 215.6 oC; [𝛼]𝐷
20 

= -261.28 (c 0.36, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 8.67 

(d, J = 7.5 Hz, 2H), 8.12 – 8.05 (m, 3H), 7.62 – 7.55 (m, 2H), 

7.54 – 7.44 (m, 3H), 7.25 – 7.07(m, 8H), 6.71 (d, J = 7.6 Hz, 

1H), 5.98 (d, J = 3.5 Hz, 1H), 4.71 (s, 1H), 3.78 – 3.42 (m, 2H), 

2.68 (d, J = 3.7 Hz, 1H), 1.26 (s, 1H), 0.51 (t, J = 7.1 Hz, 3H); 
13C NMR (101 MHz, CDCl3) δ 178.88, 175.08, 167.61, 155.02, 140.83, 138.12, 136.37, 

130.69, 130.10, 129.56, 128.99, 128.88, 128.64, 128.28, 128.08, 127.64, 127.04, 

126.16, 125.37, 123.41, 119.33, 108.95, 70.73, 69.31, 60.97, 60.43, 58.82, 13.15; 

HRMS (ESI) m/z Calcd. for C34H29N4O4
+ ([M+H]+) 557.2183, Found 557.2175; 
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Enantiomeric excess was determined to be 73% (determined by HPLC using chiral AD-

H column, hexane/2-propanol = 70/30, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 20.2 

min, tminor = 9.6 min). 
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4ga 

Prepared according to the procedure within 72 h as White solid 

(125.3 mg, 97% yield, dr > 20:1). mp 132.6 – 133.2 oC; [𝛼]𝐷
15 

= 308.12 (c 0.52, CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 8.71 

(d, J = 7.6 Hz, 2H), 8.27 – 7.98 (m, 3H), 7.40 – 7.65 (m 5H), 

7.34 – 7.22 (m, 6H), 7.06 – 7.17 (m, 5H), 6.62 – 6.43 (m, 3H), 

6.03 (d, J = 3.2 Hz, 1H), 4.85 (dd, J = 31.6, 15.8 Hz, 2H), 4.31 

(d, J = 15.9 Hz, 1H), 3.70 – 3.45 (m, 2H), 2.66 (d, J = 3.5 Hz, 

1H), 0.44 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 177.74, 175.09, 167.65, 

155.05, 143.12, 138.16, 136.38, 135.20, 130.76, 129.64, 129.61, 129.01, 128.94, 

128.61, 128.56, 128.41, 128.32, 127.68, 127.56, 127.22, 126.65, 125.72, 125.37, 

123.48, 119.32, 108.62, 70.73, 69.31, 60.90, 60.20, 59.38, 43.93, 13.12; HRMS (ESI) 
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m/z Calcd. for C41H35N4O4
+ ([M+H]+) 647.2653, Found 647.2642; Enantiomeric 

excess was determined to be 87% (determined by HPLC using chiral AD-H column, 

hexane/2-propanol = 70/30, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 8.6 min, tminor = 

20.2 min). 
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4ha 

Prepared according to the procedure within 96 h as White solid 

(108.6 mg, 93% yield, dr > 20:1). mp 115.2 – 116.2 oC; [𝛼]𝐷
19 

= -333.70 (c 0.86, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 8.89 

(d, J = 7.8 Hz, 1H), 8.07 (dd, J = 15.5, 7.8 Hz, 3H), 7.53 (dd, J 

= 7.5 Hz, 1H), 7.52 – 7.41 (m, 2H), 7.37 (dd, J = 7.4 Hz, 1H), 

7.32 (d, J = 7.5 Hz, 1H), 7.26 (dd, J = 7.6 Hz, 1H), 7.22 (d, J = 

9.5 Hz, 1H), 7.19 – 7.11 (m, 4H), 7.07 – 7.00 (m, 2H), 6.63 (d, 

J = 7.7 Hz, 1H), 5.84 (d, J = 4.1 Hz, 1H), 4.40 (s, 1H),3.68 – 

3.50 (m, 2H), 2.70 (s, 3H), 2.63 (s, 3H), 2.50 (d, J = 4.2 Hz, 

1H), 0.50 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 177.13, 174.16, 167.81, 

155.99, 143.81, 138.69, 138.30, 136.47, 131.89, 130.16, 129.82, 129.75, 129.05, 
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128.60, 128.56, 128.13, 127.90, 126.81, 126.18, 125.66, 125.19, 123.34, 118.99, 107.36, 

71.99, 69.16, 60.86, 60.04, 57.83, 25.96, 22.91, 13.22; HRMS (ESI) m/z Calcd. for 

C36H33N4O4
+ ([M+H]+) 585.2496, Found 585.2485; Enantiomeric excess was 

determined to be 97% (determined by HPLC using chiral AD-H column, hexane/2-

propanol = 70/30, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 10.0 min, tminor = 11.9 min). 

 

 

 



S51 

 

 

 

4ia 

Prepared according to the procedure within 96 h as White solid 

(99.3 mg, 85% yield, dr > 20:1). mp 123.2 – 124.3 oC; [𝛼]𝐷
17 

= -239.93 (c 0.57, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 8.71 

(d, J = 7.6 Hz, 2H), 8.12 (d, J = 7.7 Hz, 3H), 7.46 – 7.56 (m, 

5H), 7.33 (dd, J = 7.5 Hz, 1H), 7.26 (d, J = 7.4 Hz, 1H), 7.19 

(dd, J = 7.5 Hz, 1H), 7.11 (dd, J = 7.5 Hz, 1H), 7.03 (d, J = 7.5 

Hz, 1H), 6.95 (d, J = 7.6 Hz, 1H), 6.82 (s, 1H), 6.72 (d, J = 7.7 

Hz, 1H), 5.91 (s, 1H), 4.73 (s, 1H), 3.75 – 3.47 (m, 2H), 2.83 

(s, 3H), 2.63 (d, J = 17.8 Hz, 1H), 2.23 (s, 3H), 0.53 (t, J = 7.1 

Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 177.44, 175.09, 167.73, 155.14, 143.93, 

138.18, 137.31, 136.40, 130.70, 129.82, 129.59, 128.99, 128.88, 128.81, 128.62, 
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127.80, 127.65, 127.27, 125.64, 125.30, 123.68, 123.40, 119.28, 107.32, 70.85, 69.16, 

60.84, 60.39, 58.48, 26.05, 21.44, 13.17; HRMS (ESI) m/z Calcd. for C36H33N4O4
+ 

([M+H]+) 585.2496, Found 585.2494; Enantiomeric excess was determined to be 99% 

(determined by HPLC using chiral AD-H column, hexane/2-propanol = 70/30, λ = 254 

nm, 30 oC, 0.8 mL/min, tmajor = 11.1 min, tminor = 18.1 min). 
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4ja 
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Prepared according to the procedure within 84 h as White 

solid (96.5 mg, 82% yield, dr > 20:1). mp 128.5.0 – 129.2 
oC; [𝛼]𝐷

18  = -328.99 (c 0.75.9, CH2Cl2); 1H NMR (400 

MHz, CDCl3) δ 8.76 – 8.66 (m, 2H), 8.13 – 8.02 (m, 3H), 

7.50 – 7.44 (m, 2H), 7.35 – 7.26 (m, 3H), 7.25 (d, J = 7.4 

Hz, 1H), 7.23 – 7.14 (m, 4H), 7.10 – 7.05 (m, 2H), 6.70 (d, 

J = 7.6 Hz, 1H), 5.93 (d, J = 7.4 Hz, 1H), 4.64 (s, 1H), 3.74 

– 3.41 (m, 2H), 2.79 (s, 3H), 2.64 (t, J = 8.6 Hz, 1H), 0.49 

(t, J = 7.1 Hz, 3H); 19F NMR (376 MHz, CDCl3) δ -108.68; 
13C NMR (101 MHz, CDCl3) δ 177.49, 174.89, 167.60, 

154.37, 143.82, 138.05, 136.37, 129.96, 129.88, 129.58, 

129.03, 128.71, 128.22, 127.94, 126.64, 125.80 (d, J = 3.2 Hz), 125.58, 125.36, 123.50, 

119.18, 116.02 (d, J = 21.6 Hz), 107.50, 70.70, 69.13, 60.91, 60.31, 58.43, 26.03, 13.16; 

HRMS (ESI) m/z Calcd. for C35H30FN4O4
+ ([M+H]+) 589.2246, Found 589.2228; 

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

H column, hexane/2-propanol = 70/30, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 8.4 min 

tminor = 18.7 min). 
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4ka 

Prepared according to the procedure within 82 h as White 

solid (90.5 mg, 73% yield, dr > 20:1). mp 126.8 – 127.9 oC; 

[𝛼]𝐷
16  = -221.73 (c 0.65, CH2Cl2); 

1H NMR (400 MHz, 

CDCl3) δ 9.07 (d, J = 7.3 Hz, 1H), 8.89 (d, J = 8.3 Hz, 1H), 

8.15 – 8.05 (m, 3H), 7.97 (d, J = 8.1 Hz, 1H), 7.88 (d, J = 7.7 

Hz, 1H), 7.75 (dd, J = 7.8 Hz, 1H), 7.59 – 7.41 (m, 4H), 7.30 

– 7.11 (m, 6H), 7.09 – 7.01 (m, 2H), 6.61 (d, J = 7.6 Hz, 1H), 

5.88 (d, J = 3.8 Hz, 1H), 4.37 (s, 1H), 3.69 – 3.40 (m, 2H), 

2.66 (s, 3H), 2.65 (s, 1H), 0.47 (t, J = 7.1 Hz, 3H); 13C NMR 

(101 MHz, CDCl3) δ 177.06, 174.17, 167.91, 155.68, 143.80, 

138.25, 136.41, 134.33, 131.59, 131.41, 129.70, 129.12, 128.92, 128.81, 128.59, 

128.18, 127.93, 127.42, 126.83, 126.14, 126.05, 125.63, 125.37, 125.28, 123.36, 119.21, 

107.39, 72.35, 69.32, 60.88, 59.99, 58.19, 25.94, 13.19; HRMS (ESI) m/z Calcd. for 

C39H33N4O4
+ ([M+H]+) 621.2496, Found 621.2493; Enantiomeric excess was 

determined to be 97% (determined by HPLC using chiral AD-H column, hexane/2-

propanol = 70/30, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 12.8 min, tminor = 16.5 min). 
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4la 

Prepared according to the procedure within 96 h as White 

solid (92.2 mg, 80% yield, dr > 20:1). mp 133.6.8 – 134.1 oC; 

[𝛼]𝐷
14  = -331.90 (c 0.72, CH2Cl2); 

1H NMR (400 MHz, 

CDCl3) δ 8.68 (d, J = 3.6 Hz, 1H), 8.07 – 8.01 (m, 3H), 7.46 

(dd, J = 14.9, 6.9 Hz, 3H), 7.33 – 7.26 (m, 2H), 7.24 – 7.11( m, 

5H), 7.04 (d, J = 6.7 Hz, 2H), 6.68 (d, J = 7.7 Hz, 1H), 5.84 

(d, J = 2.7 Hz, 1H), 4.72 (s, 1H), 3.71 – 3.51 (m, 2H), 2.77 (s, 

3H), 2.59 (s, 1H), 0.50 (t, J = 7.1 Hz, 3H); 13C NMR (101 

MHz, CDCl3) δ 177.49, 174.61, 167.54, 152.46, 143.80, 

137.98, 136.28, 132.65, 130.93, 129.62, 129.00, 128.79, 128.70, 128.59, 128.19, 

127.88, 126.62, 125.60, 125.35, 123.51, 119.28, 107.49, 70.67, 69.62, 60.93, 60.59, 

59.47, 26.01, 13.21; HRMS (ESI) m/z Calcd. for C33H29N4O4S
+ ([M+H]+) 577.1904, 

Found 577.1902; Enantiomeric excess was determined to be 98% (determined by 

HPLC using chiral AD-H column, hexane/2-propanol = 70/30, λ = 254 nm, 30 oC, 0.8 

mL/min, tmajor = 12.6 min, tminor = 17.9 min). 
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4ma 

Prepared according to the procedure within 86 h as White 

solid (93.3 mg, 87% yield, dr > 20:1). mp 94.6 – 95.3 oC; 

[𝛼]𝐷
18  = -220.77 (c 0.80, CH2Cl2); 

1H NMR (400 MHz, 

CDCl3) δ 8.07 (d, J = 7.4 Hz, 1H), 7.98 (d, J = 8.0 Hz, 2H), 

7.47 – 7.40 (m, 2H), 7.28 (dd, J = 7.6 Hz, 1H), 7.19 (d, J = 

7.5 Hz, 1H), 7.17 – 7.10 (m, 4H), 6.96 (d, J = 6.6 Hz, 2H), 

6.67 (d, J = 7.7 Hz, 1H), 5.71 (s, 1H), 4.37 (s, 1H), 3.75 – 3.61 

(m, 2H), 3.16 (dt, J = 13.6, 6.8 Hz, 1H), 2.75 (s, 3H), 2.32 (s, 

1H), 1.53 (d, J = 6.9 Hz, 3H), 1.39 (d, J = 6.8 Hz, 3H), 0.56 (t, J = 7.1 Hz, 3H); 13C 

NMR (101 MHz, CDCl3) δ 177.31, 174.33, 167.50, 165.63, 143.71, 138.28, 136.35, 

129.56, 128.90, 128.58, 128.08, 127.76, 126.57, 125.75, 124.93, 123.39, 118.98, 107.42, 

71.38, 69.52, 60.94, 60.20, 56.87, 27.53, 25.98, 21.91, 21.08, 13.28; HRMS (ESI) m/z 

Calcd. for C32H33N4O4
+ ([M+H]+) 537.2496, Found 537.2499; Enantiomeric excess 

was determined to be 78% (determined by HPLC using chiral AD-H column, hexane/2-

propanol = 70/30, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 6.0 min, tminor = 10.2 min). 

 

 

 



S62 

 

 



S63 

 

 

 

4na 

Prepared according to the procedure within 72 h as White 

solid (82.3 mg, 81% yield, dr > 20:1). mp 112.3 – 113.6 oC; 

[𝛼]𝐷
18  = -168.71 (c 0.47, CH2Cl2); 

1H NMR (400 MHz, 

CDCl3) δ 8.09 (d, J = 7.4 Hz, 1H), 7.98 (d, J = 8.0 Hz, 2H), 

7.46 – 7.40 (m, 2H), 7.32 (dd, J = 7.6 Hz, 1H), 7.23 (d, J = 

7.3 Hz, 1H), 7.18 (dd, J = 13.6, 6.6 Hz, 4H), 7.02 (d, J = 6.8 

Hz, 2H), 6.71 (d, J = 7.7 Hz, 1H), 5.75 (s, 1H), 4.29 (s, 1H), 

3.80 – 3.59 (m, 2H), 2.79 (s, 3H), 2.44 (s, 1H), 2.41 (s, 3H), 

0.58 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 177.18, 174.37, 167.47, 159.11, 

143.71, 138.10, 136.21, 129.58, 128.94, 128.61, 128.13, 127.76, 126.55, 125.66, 

125.06, 123.40, 119.01, 107.43, 70.76, 69.77, 60.97, 60.28, 57.09, 26.01, 13.25, 12.75; 

HRMS (ESI) m/z Calcd. for C30H29N4O4
+ ([M+H]+) 509.2183, Found 509.2178; 

Enantiomeric excess was determined to be 66% (determined by HPLC using chiral AD-

H column, hexane/2-propanol = 70/30, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 7.8 min, 

tminor = 10.7 min). 
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5 

Prepared according to the procedure within 48 h as White solid 

(109.1 mg, 96% yield, dr > 20:1). mp 209.8 – 210.3 oC; [𝛼]𝐷
14 

= -70.82 (c 0.83, CH2Cl2);
 1H NMR (400 MHz, CDCl3) δ 8.49 

(d, J = 7.5 Hz, 1H), 8.19 – 8.01 (m, 4H), 7.56 – 7.42 (m, 7H), 

7.40 – 7.32 (m, 2H), 7.28 – 7.19 (m, 3H), 7.14 (dd, J = 7.6 Hz, 

1H), 6.93 (d, J = 7.7 Hz, 1H), 4.73 (s, 1H), 3.69 – 3.53 (m, 2H), 

3.30 (s, 3H), 0.59 (t, J = 7.0 Hz, 3H); 13C NMR (101 MHz, 

CDCl3) δ 176.21, 174.85, 170.42, 166.37, 156.48, 144.10, 138.07, 132.10, 131.74, 

130.90, 129.82, 129.59, 129.00, 128.98, 128.80, 127.94, 127.48, 127.19, 126.76, 

125.56, 124.18, 119.59, 108.33, 84.09, 68.08, 61.32, 60.66, 27.05, 13.32; HRMS (ESI) 

m/z Calcd. for C35H29N4O4
+ ([M+H]+) 569.2183, Found 569.2179; Enantiomeric 

excess was determined to be 95% (determined by HPLC using chiral AD-H column, 
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hexane/2-propanol = 70/30, λ = 254 nm, 30 oC, 0.8 mL/min, tmajor = 5.0 min, tminor = 6.1 

min). 
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3. X-ray crystal structure of 4ad. 

X-ray crystal structure of 4ad. 
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