
Catalytic asymmetric dearomative [4+2] annulation of 

2-nitrobenzofurans and 5H-thiazol-4-ones: stereoselective 

construction of dihydrobenzofuran-bridged polycyclic skeletons 

 

Jian-Qiang Zhao,a,§,* Shun Zhou,a,b,§ Zhen-Hua Wang,a Yong You,a Shuang Chen,c Xiong-Li Liu,c 

Ming-Qiang Zhou,b and Wei-Cheng Yuana,* 

 

aInstitute for Advanced Study, Chengdu University, Chengdu 610106, China. 

bNational Engineering Research Center of Chiral Drugs, Chengdu Institute of Organic Chemistry, 

Chinese Academy of Sciences, Chengdu, 610041, China.  

cGuizhou Engineering Center for Innovative Traditional Chinese Medicine and Ethnic Medicine, 

Guizhou University, Guiyang, Guizhou 550025, China. 

 

yuanwc@cioc.ac.cn 

zhaojianqiang@cdu.edu.cn 

 

 

Supporting Information 

 

Table of Contents 

 

1. General experimental information...........................................................................................S1 

2. General experimental procedures for asymmetric synthesis of compounds 3..........................S1 

3. Scale-up experiment ...............................................................................................................S10 

4. X-Ray crystal data for compound 3ea....................................................................................S10 

5. General experimental procedures for in vitro cytotoxicity assay............................................S11 

6. 1H, 13C NMR, and HPLC spectra for compounds 3................................................................S13 

Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers.
This journal is © the Partner Organisations 2021



S1 

1. General experimental information 

Reagents were purchased from commercial sources and were used as received unless 

mentioned otherwise. Reactions were monitored by TLC. 1H NMR and 13C NMR spectra were 

recorded in DMSO-d6. 1H NMR chemical shifts are reported in ppm relative to tetramethylsilane 

(TMS) with the solvent resonance employed as the internal standard (DMSO-d6 at 2.50 ppm). 

Data are reported as follows: chemical shift, multiplicity (s = singlet, br s = broad singlet, d = 

doublet, t = triplet, q = quartet, m = multiplet), coupling constants (Hz) and integration. 13C NMR 

chemical shifts are reported in ppm from tetramethylsilane (TMS) with the solvent resonance as 

the internal standard (DMSO-d6 at 39.51 ppm). Melting points were recorded on a melting point 

apparatus. 

2. General experimental procedures for asymmetric synthesis of compounds 3 

To a flame dried reaction tube were added 2-nitrobenzofurans 1 (0.2 mmol), 

5H-thiazol-4-ones 2 (0.26 mmol, 1.3 equiv), Cat. D (20 mol%), and activated 5 Å molecular sieve 

(100 mg), followed by addition CH2Cl2 (2.0 mL). The reaction solution was stirred at room 

temperature for specified time under a nitrogen atmosphere. After completion, the reaction 

mixture was directly purified by flash chromatography on silica gel (petroleum ether/ethyl acetate 

= 8:1～12:1) to give the corresponding products 3. 

 

(1R,4S,4aS,9aR)-4-methyl-9a-nitro-1-phenyl-1,4,4a,9a-tetrahydro-1,4-epithiobenzofuro 

[2,3-c]pyridin-3(2H)-one (3aa) 

White solid, 83% yield, 58.8 mg, >20:1 dr, 94% ee; m.p. 163.1-164.0 oC, [α]D
25 = -182.6 (c 

1.0, CH2Cl2). The ee was determined by HPLC (Chiralpak IC, EtOH/hexane = 10/90, flow rate 1.0 

mL/min, λ = 220 nm, tmajor = 15.79 min, tminor = 10.01 min); 1H NMR (300 MHz, DMSO-d6) δ 

10.20 (s, 1H), 7.62 – 7.54 (m, 2H), 7.48 (dd, J = 6.9, 2.9 Hz, 4H), 7.44 – 7.35 (m, 1H), 7.25 – 7.07 

(m, 2H), 4.81 (s, 1H), 1.60 (s, 3H). 13C NMR (75 MHz, DMSO-d6) δ 206.1, 176.2, 160.0, 130.4, 

129.9, 129.2, 128.7, 127.1, 126.1, 125.8, 123.2, 123.0, 110.3, 81.6, 62.5, 59.5, 11.8. HRMS 

(ESI-TOF) Calcd. for C18H15N2O4S [M+H]+: 355.0747; found: 355.0747. 

 

(1R,4S,4aS,9aR)-6-fluoro-4-methyl-9a-nitro-1-phenyl-1,4,4a,9a-tetrahydro-1,4- 

epithiobenzofuro[2,3-c]pyridin-3(2H)-one (3ba) 

Pale yellow solid, 73% yield, 54.4 mg, >20:1 dr, 94% ee; m.p. 178.5-179.5 oC, [α]D
25 = 

-425.5 (c 1.0, CH2Cl2). The ee was determined by HPLC (Chiralpak IC, EtOH/hexane = 5/95, 

flow rate 1.0 mL/min, λ = 220 nm, tmajor = 21.78 min, tminor = 12.01 min); 1H NMR (400 MHz, 

DMSO-d6) δ 10.23 (s, 1H), 7.59 – 7.53 (m, 2H), 7.51 – 7.45 (m, 3H), 7.37 (dd, J = 8.1, 2.4 Hz, 

1H), 7.26 – 7.18 (m, 2H), 4.83 (s, 1H), 1.61 (s, 3H). 13C NMR (101 MHz, DMSO-d6) δ 176.5, 

159.6, 157.2, 156.7, 130.5, 129.1, 128.1 (d, J = 266.6 Hz, 1C), 127.6, 125.3 (d, J = 9.1 Hz, 1C), 

117.3 (d, J = 25.2 Hz, 1C), 113.7 (d, J = 26.3 Hz, 1C), 111.6 (d, J = 9.0 Hz, 1C), 82.1, 62.8, 60.0, 

12.3. HRMS (ESI-TOF) Calcd. for C18H13FN2NaO4S [M+Na]+: 395.0472; found: 395.0466. 
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(1R,4S,4aS,9aR)-8-fluoro-4-methyl-9a-nitro-1-phenyl-1,4,4a,9a-tetrahydro-1,4- 

epithiobenzofuro[2,3-c]pyridin-3(2H)-one (3ca) 

Pale yellow solid, 95% yield, 70.7 mg, >20:1 dr, 90% ee; m.p. 138.2-139.1 oC, [α]D
25 = 

-538.6 (c 1.0, CH2Cl2). The ee was determined by HPLC (Chiralpak IC, EtOH/hexane = 10/90, 

flow rate 1.0 mL/min, λ = 220 nm, tmajor = 23.51 min, tminor = 14.52 min); 1H NMR (400 MHz, 

DMSO-d6) δ 10.25 (s, 1H), 7.55 (dd, J = 6.8, 3.1 Hz, 2H), 7.52 – 7.46 (m, 3H), 7.39 – 7.27 (m, 

2H), 7.18 – 7.11 (m, 1H), 4.92 (s, 1H), 1.59 (s, 3H). 13C NMR (101 MHz, DMSO-d6) δ 176.4, 

146.7 (d, J = 11.1 Hz, 1C) 146.5 (d, J = 247.4 Hz, 1C), 130.6, 129.2, 127.5, 127.4, 126.6, 124.5 (d, 

J = 5.0 Hz, 1C), 122.4, 122.3, 117.9 (d, J = 16.2 Hz, 1C), 82.2, 62.9, 60.4, 55.4, 12.3.HRMS 

(ESI-TOF) Calcd. for C18H13FN2NaO4S [M+Na]+: 395.0472; found: 395.0465. 

 

(1R,4S,4aS,9aR)-5-chloro-4-methyl-9a-nitro-1-phenyl-1,4,4a,9a-tetrahydro-1,4- 

epithiobenzofuro[2,3-c]pyridin-3(2H)-one (3da) 

Pale yellow solid, 90% yield, 70.0 mg, >20:1 dr, 84% ee; m.p. 144.3-145.2 oC, [α]D
25 = 

-345.6 (c 1.0, CH2Cl2). The ee was determined by HPLC (Chiralpak IC, iPrOH/hexane = 5/95, 

flow rate 1.0 mL/min, λ = 220 nm, tmajor = 9.46 min, tminor = 7.60 min); 1H NMR (400 MHz, 

DMSO-d6) δ 10.32 (s, 1H), 7.59 – 7.52 (m, 2H), 7.51 – 7.43 (m, 3H), 7.44 – 7.36 (m, 1H), 7.27 – 

7.14 (m, 2H), 4.84 (s, 1H), 1.64 (s, 3H). 13C NMR (101 MHz, DMSO-d6) δ 176.2, 161.4, 132.7, 

130.8, 130.6, 129.2, 129.1, 127.6, 125.7, 124.5, 122.4, 110.1, 81.9, 64.8, 60.1, 14.8. HRMS 

(ESI-TOF) Calcd. for C18H13ClN2NaO4S [M+Na]+: 411.0177; found: 411.0159. 

 

(1R,4S,4aS,9aR)-6-chloro-4-methyl-9a-nitro-1-phenyl-1,4,4a,9a-tetrahydro-1,4- 

epithiobenzofuro[2,3-c]pyridin-3(2H)-one (3ea) 

White solid, 75% yield, 58.3 mg, >20:1 dr, 93% ee; m.p. 155.3-156.2 oC, [α]D
25 = -419.1 (c 

1.0, CH2Cl2). The ee was determined by HPLC (Chiralpak IC, EtOH/hexane = 10/90, flow rate 1.0 

mL/min, λ = 220 nm, tmajor = 11.11 min, tminor = 7.89 min); 1H NMR (400 MHz, DMSO-d6) δ 

10.25 (s, 1H), 7.61 – 7.54 (m, 3H), 7.53 – 7.47 (m, 3H), 7.45 (dd, J = 8.6, 2.3 Hz, 1H), 7.23 (d, J = 

8.6 Hz, 1H), 4.85 (s, 1H), 1.62 (s, 3H). 13C NMR (101 MHz, DMSO-d6) δ 176.4, 159.3, 130.7, 

130.5, 129.3, 129.2, 127.5, 127.3, 126.5, 126.4, 126.0, 112.3, 82.1, 62.8, 59.8, 12.3. HRMS 

(ESI-TOF) Calcd. for C18H13ClN2NaO4S [M+Na]+: 411.0177; found: 411.0161. 
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(1R,4S,4aS,9aR)-6-bromo-4-methyl-9a-nitro-1-phenyl-1,4,4a,9a-tetrahydro-1,4- 

epithiobenzofuro[2,3-c]pyridin-3(2H)-one (3fa) 

White solid, 86% yield, 74.5 mg, >20:1 dr, 91% ee; m.p. 149.3-150.3 oC, [α]D
25 = -444.4 (c 

1.0, CH2Cl2); The ee was determined by HPLC (Chiralpak IC, EtOH/hexane = 10/90, flow rate 1.0 

mL/min, λ = 220 nm, tmajor = 10.66 min, tminor = 8.61 min); 1H NMR (400 MHz, DMSO-d6) δ 

10.25 (s, 1H), 7.68 (d, J = 2.1 Hz, 1H), 7.61 – 7.54 (m, 3H), 7.53 – 7.45 (m, 3H), 7.18 (d, J = 8.6 

Hz, 1H), 4.86 (s, 1H), 1.61 (s, 3H). 13C NMR (101 MHz, DMSO-d6) δ 176.4, 159.8, 133.5, 130.5, 

129.3, 129.2, 129.1, 127.6, 126.5, 126.4, 114.9, 112.8, 82.1, 62.8, 59.8, 12.3. HRMS (ESI-TOF) 

Calcd. for C18H13
79BrN2NaO4S [M+Na]+: 454.9672; found: 454.9653; For C18H13

81BrN2NaO4S 

[M+Na]+: 456.9651; found: 454.9630. 

 

(1R,4S,4aS,9aR)-7-bromo-4-methyl-9a-nitro-1-phenyl-1,4,4a,9a-tetrahydro-1,4- 

epithiobenzofuro[2,3-c]pyridin-3(2H)-one (3ga) 

White solid, 86% yield, 74.5 mg, >20:1 dr, 92% ee; m.p. 161.8-162.8 oC, [α]D
25 = -597.1 (c 

1.0, CH2Cl2). The ee was determined by HPLC (Chiralpak IC, EtOH/hexane = 10/90, flow rate 1.0 

mL/min, λ = 220 nm, tmajor = 28.17 min, tminor = 15.67 min); 1H NMR (400 MHz, DMSO-d6) δ 

10.24 (s, 1H), 7.60 – 7.54 (m, 2H), 7.53 – 7.47 (m, 4H), 7.43 (d, J = 8.1 Hz, 1H), 7.35 (dd, J = 8.0, 

1.8 Hz, 1H), 4.81 (s, 1H), 1.59 (s, 3H). 13C NMR (101 MHz, DMSO-d6) δ 176.4, 161.2, 130.5, 

129.3, 129.1, 128.0, 127.6, 126.5, 126.4, 123.5, 123.0, 114.1, 82.1, 62.8, 59.5, 12.2. HRMS 

(ESI-TOF) Calcd. for C18H13
79BrN2NaO4S [M+Na]+: 454.9672; found: 454.9662; For 

C18H13
81BrN2NaO4S [M+Na]+: 456.9651; found: 454.9642. 

 

(1R,4S,4aS,9aR)-4-methyl-6,9a-dinitro-1-phenyl-1,4,4a,9a-tetrahydro-1,4-epithiobenzofuro 

[2,3-c]pyridin-3(2H)-one (3ha) 

Yellow solid, 72% yield, 57.6 mg, >20:1 dr, 88% ee; m.p. 222.8-223.5 oC, [α]D
25 = -47.9 (c 

0.5, CH2Cl2). The ee was determined by HPLC (Chiralpak IC, EtOH/hexane = 30/70, flow rate 1.0 

mL/min, λ = 220 nm, tmajor = 9.73 min, tminor = 10.65 min); 1H NMR (400 MHz, DMSO-d6) δ 

10.30 (s, 1H), 8.39 – 8.28 (m, 2H), 7.56 – 7.52 (m, 2H), 7.51 – 7.47 (m, 3H), 7.44 (d, J = 8.7 Hz, 

1H), 4.95 (s, 1H), 1.64 (s, 3H). 13C NMR (101 MHz, DMSO-d6) δ 176.2, 164.8, 143.8, 130.7, 

129.7, 129.2, 129.0, 128.4, 127.7, 127.5, 126.7, 125.9, 122.6, 111.4, 82.3, 62.9, 59.2, 12.1. HRMS 

(ESI-TOF) Calcd. for C18H13N3NaO6S [M+Na]+: 422.0417; found: 422.0403. 



S4 

 

(1R,4S,4aS,9aR)-4,6-dimethyl-9a-nitro-1-phenyl-1,4,4a,9a-tetrahydro-1,4-epithiobenzofuro 

[2,3-c]pyridin-3(2H)-one (3ia) 

White solid, 64% yield, 47.2 mg, >20:1 dr, 89% ee; m.p. 193.1-193.8 oC, [α]D
25 = -350.3 (c 

1.0, CH2Cl2); The ee was determined by HPLC (Chiralpak IC, iPrOH/hexane = 10/90, flow rate 

1.0 mL/min, λ = 220 nm, tmajor = 15.27 min, tminor = 9.51 min); 1H NMR (400 MHz, DMSO-d6) δ 

10.19 (s, 1H), 7.58 (dd, J = 6.8, 2.9 Hz, 2H), 7.52 – 7.46 (m, 3H), 7.28 (d, J = 1.8 Hz, 1H), 7.19 

(dd, J = 8.3, 1.9 Hz, 1H), 7.05 (d, J = 8.2 Hz, 1H), 4.76 (s, 1H), 2.32 (s, 3H), 1.61 (s, 3H). 13C 

NMR (101 MHz, DMSO-d6) δ 176.7, 158.6, 132.6, 131.1, 130.4, 129.7, 129.1, 127.6, 126.8, 126.5, 

123.6, 110.3, 82.0, 62.9, 60.0, 20.9, 12.4. HRMS (ESI-TOF) Calcd. for C19H16N2NaO4S [M+Na]+: 

391.0723; found: 391.0706. 

 

(1R,4S,4aS,9aR)-4,7-dimethyl-9a-nitro-1-phenyl-1,4,4a,9a-tetrahydro-1,4-epithiobenzofuro 

[2,3-c]pyridin-3(2H)-one (3ja) 

White solid, 66% yield, 48.7 mg, >20:1 dr, 89% ee; m.p. 140.2-140.9 oC, [α]D
25 = -284.3 (c 

1.0, CH2Cl2). The ee was determined by HPLC (Chiralpak IC, EtOH/hexane = 10/90, flow rate 1.0 

mL/min, λ = 220 nm, tmajor = 10.12 min, tminor = 7.33 min); 1H NMR (400 MHz, DMSO-d6) δ 

10.18 (s, 1H), 7.58 (dd, J = 6.8, 3.0 Hz, 2H), 7.53 – 7.45 (m, 3H), 7.35 (d, J = 7.7 Hz, 1H), 7.01 (s, 

1H), 6.96 (d, J = 7.7 Hz, 1H), 4.74 (s, 1H), 2.34 (s, 3H), 1.58 (s, 3H). 13C NMR (101 MHz, 

DMSO-d6) δ 176.7, 160.8, 141.0, 130.4, 129.7, 129.1, 127.5, 126.5, 126.1, 124.1, 120.7, 111.2, 

82.0, 63.0, 59.8, 21.6, 12.3. HRMS (ESI-TOF) Calcd. for C19H16N2NaO4S [M+Na]+: 391.0723; 

found: 391.0710. 

 

(1R,4S,4aS,9aR)-7-methoxy-4-methyl-9a-nitro-1-phenyl-1,4,4a,9a-tetrahydro-1,4- 

epithiobenzofuro[2,3-c]pyridin-3(2H)-one (3ka) 

White solid, 62% yield, 47.6 mg, >20:1 dr, 89% ee; m.p. 188.7 - 189.5 oC, [α]25 = -219.5 (c 

1.0, CH2Cl2). The ee was determined by HPLC (Chiralpak IC, EtOH/hexane = 10/90, flow rate 1.0 

mL/min, λ = 220 nm, tmajor = 12.69 min, tminor = 9.04 min); 1H NMR (400 MHz, DMSO-d6) δ 

10.16 (s, 1H), 7.57 (dd, J = 6.8, 3.0 Hz, 2H), 7.52 – 7.46 (m, 3H), 7.35 (d, J = 8.4 Hz, 1H), 6.84 (d, 

J = 2.3 Hz, 1H), 6.70 (dd, J = 8.4, 2.3 Hz, 1H), 4.70 (s, 1H), 3.78 (s, 3H), 1.57 (s, 3H). 13C NMR 

(101 MHz, DMSO-d6) δ 176.7, 162.0, 161.8, 130.4, 129.6, 129.1, 127.5, 127.0, 126.7, 115.2, 

109.7, 97.0, 81.9, 63.1, 59.6, 56.2, 12.2. HRMS (ESI-TOF) Calcd. for C19H16N2NaO5S [M+Na]+: 

407.0672; found: 407.0656. 
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(1R,4S,4aS,9aR)-8-methoxy-4-methyl-9a-nitro-1-phenyl-1,4,4a,9a-tetrahydro-1,4- 

epithiobenzofuro[2,3-c]pyridin-3(2H)-one (3la) 

White solid, 73% yield, 56.1 mg, >20:1 dr, 98% ee; m.p. 186.2-187.0 oC, [α]D
25 = -391.8 (c 

1.0, CH2Cl2). The ee was determined by HPLC (Chiralpak IC, EtOH/hexane = 10/90, flow rate 1.0 

mL/min, λ = 220 nm, tmajor = 12.43 min, tminor = 19.72 min); 1H NMR (600 MHz, DMSO-d6) δ 

10.17 (s, 1H), 7.57 – 7.49 (m, 2H), 7.48 – 7.43 (m, 3H), 7.08 – 7.03 (m, 2H), 7.00 (dd, J = 6.1, 2.5 

Hz, 1H), 4.78 (s, 1H), 3.80 (s, 3H), 1.55 (s, 3H). 13C NMR (151 MHz, DMSO-d6) δ 176.7, 148.8, 

144.5, 130.5, 129.7, 129.2, 127.6, 126.6, 124.8, 124.3, 118.0, 114.3, 82.1, 63.0, 60.6, 56.5, 12.5. 

HRMS (ESI-TOF) Calcd. for C19H16N2NaO5S [M+Na]+: 407.0672; found: 407.0661. 

 

(1R,4S,4aS,9aR)-6-(tert-butyl)-4-methyl-9a-nitro-1-phenyl-1,4,4a,9a-tetrahydro-1,4- 

epithiobenzofuro[2,3-c]pyridin-3(2H)-one (3ma) 

White solid, 54% yield, 44.3 mg, >20:1 dr, 89% ee; m.p. 177.4-178.3 oC, [α]D
25 = -214.1 (c 

1.0, CH2Cl2). The ee was determined by HPLC (Chiralpak IC, iPrOH/hexane = 5/95, flow rate 1.0 

mL/min, λ = 220 nm, tmajor = 11.02 min, tminor = 8.88 min); 1H NMR (400 MHz, DMSO-d6) δ 

10.19 (s, 1H), 7.62 – 7.55 (m, 2H), 7.49 (dd, J = 4.3, 2.3 Hz, 4H), 7.41 (dd, J = 8.5, 2.1 Hz, 1H), 

7.09 (d, J = 8.6 Hz, 1H), 4.76 (s, 1H), 1.61 (s, 3H), 1.30 (s, 9H). 13C NMR (101 MHz, DMSO-d6) 

δ 176.7, 158.5, 146.1, 130.4, 129.9, 129.7, 129.1, 127.6, 127.5, 126.6, 123.4, 123.3, 109.9, 81.9, 

62.9, 60.1, 34.8, 31.8, 12.4. HRMS (ESI-TOF) Calcd. for C22H22N2NaO5S [M+Na]+: 433.1192; 

found: 433.1181. 

 

(1R,4S,4aS,9aR)-6,8-dibromo-4-methyl-9a-nitro-1-phenyl-1,4,4a,9a-tetrahydro-1,4- 

epithiobenzofuro[2,3-c]pyridin-3(2H)-one (3na) 

Yellow solid, 94% yield, 96.0 mg, >20:1 dr, 93% ee; m.p. 160.9-161.8 oC, [α]D
25 = -160.4 (c 

1.0, CH2Cl2). The ee was determined by HPLC (Chiralpak IC, EtOH/hexane = 10/90, flow rate 1.0 

mL/min, λ = 220 nm, tmajor = 14.17 min, tminor = 23.12 min); 1H NMR (300 MHz, DMSO-d6) δ 

10.29 (s, 1H), 7.88 (d, J = 1.9 Hz, 1H), 7.72 – 7.65 (m, 1H), 7.58 (dd, J = 6.8, 3.0 Hz, 2H), 7.54 – 

7.45 (m, 3H), 4.97 (s, 1H), 1.59 (s, 3H). 13C NMR (75 MHz, DMSO-d6) δ 175.6, 156.8, 134.8, 

130.1, 128.7, 128.0, 127.1, 127.0, 124.9, 114.8, 103.1, 81.5, 62.5, 60.2, 11.8. HRMS (ESI-TOF) 

Calcd. for C18H12
79Br2N2NaO4S [M+Na]+: 532.8777; found: 532.8777; For 

C18H12
79Br81BrN2NaO4S [M+Na]+: 534.8756; found: 534.8757; for C18H12

81Br2N2NaO4S 

[M+Na]+: 536.8736; found: 536.8741. 
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(1R,4S,4aS,9aR)-6-bromo-8-methoxy-4-methyl-9a-nitro-1-phenyl-1,4,4a,9a-tetrahydro-1,4- 

epithiobenzofuro[2,3-c]pyridin-3(2H)-one (3oa) 

Pale yellow solid, 85% yield, 78.8 mg, >20:1 dr, 91% ee; m.p. 156.9-157.7 oC, [α]D
25 = 

-285.5 (c 1.0, CH2Cl2). The ee was determined by HPLC (Chiralpak IC, iPrOH/hexane = 5/95, 

flow rate 1.0 mL/min, λ = 220 nm, tmajor = 32.45 min, tminor = 39.30 min); 1H NMR (400 MHz, 

DMSO-d6) δ 10.21 (s, 1H), 7.55 – 7.50 (m, 2H), 7.50 – 7.45 (m, 3H), 7.32 – 7.21 (m, 2H), 4.83 (s, 

1H), 3.85 (s, 3H), 1.57 (s, 3H). 13C NMR (101 MHz, DMSO-d6) δ 176.6, 148.7, 144.4, 130.4, 

130.0, 129.6, 129.1, 129.0, 127.6, 126.5, 124.8, 124.2, 118.0, 114.3, 82.0, 62.9, 60.5, 56.4, 12.4. 

HRMS (ESI-TOF) Calcd. for C19H15
79BrN2NaO5S [M+Na]+: 484.9777; found: 484.9764; For 

C19H15
81BrN2NaO5S [M+Na]+: 486.9757; found: 486.9739. 

 

(1R,4S,4aS,9aR)-1-(2-fluorophenyl)-4-methyl-9a-nitro-1,4,4a,9a-tetrahydro-1,4- 

epithiobenzofuro[2,3-c]pyridin-3(2H)-one (3ab) 

White solid, 41% yield, 30.6 mg, >20:1 dr, 89% ee; m.p. 160.7-161.5 oC, [α]25 = -171.5 (c 0.5, 

CH2Cl2). The ee was determined by HPLC (Chiralpak IC, EtOH/hexane = 10/90, flow rate 1.0 

mL/min, λ = 220 nm, tmajor = 23.50 min, tminor = 14.23 min); 1H NMR (300 MHz, DMSO-d6) δ 

10.05 (s, 1H), 7.56 (dd, J = 14.6, 7.4 Hz, 2H), 7.47 (d, J = 7.7 Hz, 1H), 7.41 – 7.31 (m, 3H), 7.17 

– 7.10 (m, 2H), 4.80 (s, 1H), 1.59 (s, 3H). 13C NMR (151 MHz, DMSO-d6) δ 176.2, 160.6 (d, J = 

250.7 Hz, 1C), 160.5, 133.2 (d, J = 9.1 Hz, 1C), 130.8, 130.4 (d, J = 3.0 Hz, 1C), 126.5, 125.7, 

125.2 (d, J = 4.5 Hz, 1C), 123.7, 123.4, 117.2 (d, J = 22.6 Hz, 1C), 116.5 (d, J = 10.6 Hz. 1C), 

110.7, 79.8 (d, J = 3.0 Hz, 1C), 62.4, 59.9, 12.2. HRMS (ESI-TOF) Calcd. for C18H14FN2O4S 

[M+H]+: 373.0653; found: 373.0652. 

 

(1R,4S,4aS,9aR)-1-(4-fluorophenyl)-4-methyl-9a-nitro-1,4,4a,9a-tetrahydro-1,4- 

epithiobenzofuro[2,3-c]pyridin-3(2H)-one (3ac) 

white solid, 47% yield, 35.0 mg, >20:1 dr, 93% ee; m.p. 173.4-174.1 oC, [α]D
25 = -64.2 (c 0.5, 

CH2Cl2). The ee was determined by HPLC (Chiralpak IC, EtOH/hexane = 20/80, flow rate 1.0 

mL/min, λ = 220 nm, tmajor = 11.64 min, tminor = 16.50 min); 1H NMR (300 MHz, DMSO-d6) δ 

10.16 (s, 1H), 7.53 – 7.44 (m, 3H), 7.43 – 7.35 (m, 1H), 7.20 – 7.11 (m, 2H), 7.06 – 7.01 (m, 2H), 

4.79 (s, 1H), 1.58 (s, 3H). 13C NMR (151 MHz, DMSO-d6) δ 176.6, 163.3 (d, J = 249.2 Hz, 1C), 

160.4, 130.8, 130.0 (d, J = 9.1 Hz, 2C), 126.6, 126.2, 126.0 (d, J = 3.0 Hz, 1C), 123.6, 123.5, 
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116.2 (d, J = 22.6 Hz, 2C), 110.7, 81.3, 63.1, 59.8, 12.3. HRMS (ESI-TOF) Calcd. for 

C18H14FN2O4S [M+H]+: 373.0653; found: 373.0662. 

 

(1R,4S,4aS,9aR)-1-(4-chlorophenyl)-4-methyl-9a-nitro-1,4,4a,9a-tetrahydro-1,4- 

epithiobenzofuro[2,3-c]pyridin-3(2H)-one (3ad) 

White solid, 58% yield, 45.2 mg, >20:1 dr, 98% ee; m.p. 186.0-186.7 oC, [α]D
25 = -389.3 (c 

0.5, CH2Cl2). The ee was determined by HPLC (Chiralpak IC, EtOH/hexane = 10/90, flow rate 1.0 

mL/min, λ = 220 nm, tmajor = 13.93 min, tminor = 8.09 min); 1H NMR (400 MHz, DMSO-d6) δ 

10.25 (s, 1H), 7.66 – 7.56 (m, 4H), 7.53 – 7.46 (m, 1H), 7.45 – 7.37 (m, 1H), 7.22 – 7.12 (m, 2H), 

4.85 (s, 1H), 1.60 (s, 3H). 13C NMR (101 MHz, DMSO-d6) δ 176.6, 160.5, 135.3, 130.9, 129.5, 

129.2, 128.7, 126.6, 126.2, 123.6, 123.5, 110.8, 81.2, 63.1, 59.8, 12.3. HRMS (ESI-TOF) Calcd. 

for C18H14ClN2O4S [M+H]+: 389.0357; found: 389.0364. 

 

(1R,4S,4aS,9aR)-1-(4-bromophenyl)-4-methyl-9a-nitro-1,4,4a,9a-tetrahydro-1,4- 

epithiobenzofuro[2,3-c]pyridin-3(2H)-one (3ae) 

White solid, 58% yield, 50.3 mg, >20:1 dr, 96% ee; m.p. 175.7-176.6 oC, [α]D
25 = -37.8 (c 0.5, 

CH2Cl2). The ee was determined by HPLC (Chiralpak IC, EtOH/hexane = 10/90, flow rate 1.0 

mL/min, λ = 220 nm, tmajor = 11.44 min, tminor = 9.76 min); 1H NMR (300 MHz, DMSO-d6) δ 

10.25 (s, 1H), 7.79 – 7.67 (m, 2H), 7.58 – 7.45 (m, 3H), 7.44 – 7.35 (m, 1H), 7.22 – 7.08 (m, 2H), 

4.84 (s, 1H), 1.59 (s, 3H). 13C NMR (75 MHz, DMSO-d6) δ 176.4, 160.2, 131.9, 130.6, 129.4, 

128.8, 126.3, 125.9, 123.8, 123.3, 123.2, 110.5, 81.0, 62.9, 59.5, 12.0. HRMS (ESI-TOF) Calcd. 

for C18H14
79BrN2O4S [M+H]+: 432.9858; found: 432.9852; For C18H14

81BrN2O4S [M+H]+: 

434.9833; found: 434.9843. 

 

(1R,4S,4aS,9aR)-1-(3-bromo-2-fluorophenyl)-4-methyl-9a-nitro-1,4,4a,9a-tetrahydro-1,4- 

epithiobenzofuro[2,3-c]pyridin-3(2H)-one1 (3af) 

White solid, 57% yield, 49.4 mg, >20:1 dr, 90% ee; m.p. 224.0-224.8 oC, [α]D
25 = -112.3 (c 

0.5, CH2Cl2). The ee was determined by HPLC (Chiralpak IC, EtOH/hexane = 20/80, flow rate 1.0 

mL/min, λ = 220 nm, tmajor = 32.08 min, tminor = 17.18 min); 1H NMR (300 MHz, DMSO-d6) δ 

10.08 (s, 1H), 7.99 – 7.82 (m, 1H), 7.62 – 7.54 (m, 1H), 7.47 (d, J = 7.1 Hz, 1H), 7.42 – 7.35 (m, 

1H), 7.34 – 7.26 (m, 1H), 7.19 – 7.10 (m, 2H), 4.82 (s, 1H), 1.60 (s, 3H). 13C NMR (101 MHz, 
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DMSO-d6) δ 176.1, 160.5, 156.7 (d, J = 253.5 Hz, 1C), 136.3, 130.9, 129.9, 126.6, 126.4 (d, J = 

4.0 Hz, 1C), 125.7, 123.6 (d, J = 8.1 Hz, 1C), 118.5 (d, J = 13.1 Hz, 1C), 110.8, 110.3 (d, J = 22.2 

Hz, 1C), 79.4, 79.4, 62.7, 59.9, 12.2. HRMS (ESI-TOF) Calcd. for C18H13
79BrFN2O4S [M+H]+: 

450.9783; found: 450.9758; For C18H13
81BrFN2O4S [M+H]+: 452.9739; found: 452.9712. 

 

(1R,4S,4aS,9aR)-1-(4-bromo-3-methylphenyl)-4-methyl-9a-nitro-1,4,4a,9a-tetrahydro-1,4- 

epithiobenzofuro[2,3-c]pyridin-3(2H)-one (3ag) 

Pale yellow solid, 42% yield, 37.6 mg, >20:1 dr, 97% ee. m.p. 202.4-203.3 oC, [α]D
25 = 

-54.2(c 0.5, CH2Cl2). The ee was determined by HPLC (Chiralpak IC, EtOH/hexane = 10/90, flow 

rate 1.0 mL/min, λ = 220 nm, tmajor = 14.76 min, tminor = 9.13 min); 1H NMR (400 MHz, DMSO-d6) 

δ 10.17 (s, 1H), 7.70 (d, J = 8.4 Hz, 1H), 7.54 (d, J = 2.5 Hz, 1H), 7.46 (d, J = 7.5 Hz, 1H), 7.42 – 

7.30 (m, 2H), 7.20 – 7.08 (m, 2H), 4.81 (s, 1H), 2.37 (s, 3H), 1.58 (s, 3H). 13C NMR (151 MHz, 

DMSO-d6) δ 176.5, 160.4, 138.2, 132.9, 130.8, 130.0, 129.3, 126.9, 126.5, 126.4, 126.2, 123.6, 

123.5, 110.8, 81.2, 63.1, 59.8, 23.1, 12.3. HRMS (ESI-TOF) Calcd. for C19H15
79BrN2NaO4S 

[M+Na]+: 468.9828; found: 468.9813; For C19H15
81BrN2NaO4S [M+Na]+: 470.9809; found: 

470.9807. 

 

(1R,4S,4aS,9aR)-4-methyl-1-(naphthalen-2-yl)-9a-nitro-1,4,4a,9a-tetrahydro-1,4- 

epithiobenzofuro[2,3-c]pyridin-3(2H)-one (3ah) 

White solid, 52% yield, 42.0 mg, >20:1 dr, 81% ee; m.p. 121.3-122.3 oC, [α]D
25  = -71.2 (c 

0.5, CH2Cl2); The ee was determined by HPLC (Chiralpak IC, EtOH/hexane = 10/90, flow rate 

1.0 mL/min, λ = 220 nm, tmajor = 36.56 min, tminor = 20.45 min); 1H NMR (300 MHz, DMSO-d6) δ 

10.35 (s, 1H), 8.21 – 8.16 (m, 1H), 8.08 – 7.95 (m, 3H), 7.69 – 7.60 (m, 3H), 7.51 (d, J = 7.4 Hz, 

1H), 7.46 – 7.36 (m, 1H), 7.28 – 7.12 (m, 2H), 4.88 (s, 1H), 1.63 (s, 3H). 13C NMR (151 MHz, 

DMSO-d6) δ 176.6, 160.5, 133.6, 132.6, 130.8, 128.8, 128.7, 128.1, 128.0, 127.5, 127.3, 127.1, 

126.6, 126.5, 124.7, 123.7, 123.5, 110.8, 82.1, 63.1, 60.0, 12.3. HRMS (ESI-TOF) Calcd. for 

C22H17N2O4S [M+H]+: 405.0904; found: 405.0906. 

 

(1R,4S,4aS,9aR)-1-(furan-2-yl)-4-methyl-9a-nitro-1,4,4a,9a-tetrahydro-1,4-epithiobenzofuro 

[2,3-c]pyridin-3(2H)-one (3ai) 
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Yellow solid, 83% yield, 57.2 mg, >20:1 dr, 81% ee; m.p. 134.3-135.1 oC, [α]D
25 = -86.6 (c 

0.5, CH2Cl2). The ee was determined by HPLC (Chiralpak IC, EtOH/hexane = 10/90, flow rate 1.0 

mL/min, λ = 220 nm, tmajor = 24.80 min, tminor = 14.80 min); 1H NMR (300 MHz, DMSO-d6) δ 

10.23 (s, 1H), 7.94 – 7.80 (m, 1H), 7.47 (d, J = 7.5 Hz, 1H), 7.43 – 7.35 (m, 1H), 7.24 – 7.09 (m, 

2H), 6.85 (d, J = 3.5 Hz, 1H), 6.60 (dd, J = 3.5, 1.8 Hz, 1H), 4.81 (s, 1H), 1.57 (s, 3H). 13C NMR 

(75 MHz, DMSO-d6) δ 175.3, 160.2, 145.2, 142.3, 130.4, 126.1, 125.1, 123.1, 123.0, 111.4, 111.2, 

110.4, 75.9, 63.1, 58.9, 11.9. HRMS (ESI-TOF) Calcd. for C16H12N2O5S [M+Na]+: 367.0359; 

found: 367.0360. 

 

(1S,4S,4aS,9aR)-4-methyl-9a-nitro-1-(thiophen-2-yl)-1,4,4a,9a-tetrahydro-1,4- 

epithiobenzofuro[2,3-c]pyridin-3(2H)-one (3aj) 

Yellow solid, 60% yield, 43.3 mg, >20:1 dr, 75% ee; m.p. 155.2-156.0 oC, [α]D
25 = -1.6 (c 0.5, 

CH2Cl2). The ee was determined by HPLC (Chiralpak IC, EtOH/hexane = 10/90, flow rate 1.0 

mL/min, λ = 220 nm, tmajor = 22.54 min, tminor = 10.56 min); 1H NMR (300 MHz, DMSO-d6) δ 

10.32 (s, 1H), 7.75 (dd, J = 5.1, 1.3 Hz, 1H), 7.53 – 7.44 (m, 2H), 7.44 – 7.37 (m, 1H), 7.21 (d, J = 

8.1 Hz, 1H), 7.18 – 7.09 (m, 2H), 4.85 (s, 1H), 1.57 (s, 3H). 13C NMR (75 MHz, DMSO-d6) δ 

175.6, 160.0, 130.9, 130.4, 129.2, 128.1, 127.1, 126.1, 124.9, 123.3, 123.1, 110.3, 78.6, 63.7, 59.3, 

11.8. HRMS (ESI-TOF) Calcd. for C16H13N2O4S2 [M+H]+: 361.0311; found: 361.0314. 

 

(1R,4S,4aS,9aR)-4-methyl-9a-nitro-1-(quinolin-2-yl)-1,4,4a,9a-tetrahydro-1,4- 

epithiobenzofuro[2,3-c]pyridin-3(2H)-one (3ak) 

Pale yellow solid, 64% yield, 51.8 mg, >20:1 dr, 80% ee; m.p. 221.9-222.7 oC, [α]D
25 = -60.3 

(c 0.5, CH2Cl2). The ee was determined by HPLC (Chiralpak IC, EtOH/hexane = 10/90, flow rate 

1.0 mL/min, λ = 220 nm, tmajor = 19.62 min, tminor = 16.90 min); 1H NMR (400 MHz, DMSO-d6) δ 

10.19 (s, 1H), 8.62 – 8.55 (m, 1H), 8.13 – 8.02 (m, 2H), 7.92 – 7.83 (m, 1H), 7.78 – 7.66 (m, 2H), 

7.55-7.48 (m, 1H), 7.44 – 7.35 (m, 1H), 7.20 – 7.12 (m, 2H), 4.86 (s, 1H), 1.64 (s, 3H). 13C NMR 

(101 MHz, DMSO-d6) δ 176.0, 160.6, 149.0, 146.8, 138.3, 131.2, 130.8, 129.5, 128.5, 128.4, 

128.3, 126.6, 125.8, 123.7, 123.4, 119.9, 110.9, 83.4, 63.5, 60.0, 12.5. HRMS (ESI-TOF) Calcd. 

for C21H16N2O4S2 [M+H]+: 406.0856; found: 406.0864. 

 

(1R,4S,4aS,9aR)-4-methyl-9a-nitro-1-(pyridin-2-yl)-1,4,4a,9a-tetrahydro-1,4- 

epithiobenzofuro[2,3-c]pyridin-3(2H)-one (3al) 
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White solid, 70% yield, 49.8 mg, >20:1 dr, 82% ee; m.p. 182.6-183.5 oC, [α]D
25 = -113.2 (c 

0.5, CH2Cl2); The ee was determined by HPLC (Chiralpak IC, EtOH/hexane = 10/90, flow rate 1.0 

mL/min, λ = 220 nm, tmajor = 35.00 min, tminor = 28.40 min); 1H NMR (300 MHz, DMSO-d6) δ 

10.14 (s, 1H), 8.69 – 8.61 (m, 1H), 8.05 – 7.93 (m, 1H), 7.56 (dd, J = 8.2, 4.2 Hz, 2H), 7.47 (d, J = 

7.5 Hz, 1H), 7.42 – 7.31 (m, 1H), 7.13 (dd, J = 8.0, 5.7 Hz, 2H), 4.77 (s, 1H), 1.59 (s, 3H). 13C 

NMR (101 MHz, DMSO-d6) δ 176.2, 160.6, 149.6, 148.5, 137.9, 130.7, 126.5, 125.7, 125.6, 123.8, 

123.3, 123.0, 110.8, 83.5, 62.9, 60.1, 12.4. HRMS (ESI-TOF) Calcd. for C17H14N3O4S [M+H]+: 

356.0700; found: 356.0694. 

3. Scale-up experiment 

To a flame dried reaction tube were added 2-nitrobenzofurans 1a (1.0 mmol), 

5H-thiazol-4-ones 2a (1.3 mmol, 1.3 equiv), Cat. D (20 mol%), and activated 5 Å molecular sieve 

(500 g), followed by addition CH2Cl2 (10.0 mL). The reaction solution was stirred at room 

temperature for 48 h under a nitrogen atmosphere. After completion, the reaction mixture was 

directly purified by flash chromatography on silica gel (petroleum ether/ethyl acetate = 10:1) to 

give the corresponding products 3a (0.317 g, 89% yield, >20:1 dr, and >96% ee). 

To a flame dried reaction tube were added 2-nitrobenzofurans 1f (3.0 mmol), 

5H-thiazol-4-ones 2a (3.9 mmol, 1.3 equiv), Cat. D (20 mol%), and activated 5 Å molecular sieve 

(1.5 g), followed by addition CH2Cl2 (30.0 mL). The reaction solution was stirred at room 

temperature for 48 h under a nitrogen atmosphere. After completion, the reaction mixture was 

directly purified by flash chromatography on silica gel (petroleum ether/ethyl acetate = 10:1) to 

give the corresponding products 3a (1.01 g, 78% yield, >20:1 dr, and 93% ee). 

4. X-Ray crystal data for compounds 3ea 

Single crystals of compound 3ea was prepared from the mixture solvent of EtOH and CH2Cl2. 

A suitable crystal was selected for structure determination on a Xcalibur, Eos, Gemini 

diffractometer. The crystal was kept at 293(2) K during data collection. Using Olex2, the structure 

was solved with the ShelXS structure solution program using Direct Methods and refined with the 

ShelXLrefinement package using Least Squares minimisation. 

 
ORTEP of 3ea (at 50% level) 

Crystal data and structure refinement for 3ea (CCDC-2095172) 

Identification code 3ea 

Empirical formula C20H19ClN2O5S2 

Formula weight 466.94 

Temperature/K 293(2) 

Crystal system monoclinic 

Space group C2 

a/Å 26.7417(6) 
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b/Å 6.38250(16) 

c/Å 12.8324(3) 

α/° 90 

β/° 103.440(2) 

γ/° 90 

Volume/Å3 2130.24(9) 

Z 4 

ρcalcg/cm3 1.456 

μ/mm-1 3.728 

F(000) 968.0 

Crystal size/mm3 0.17 × 0.12 × 0.09 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 6.796 to 134.108 

Index ranges -28 ≤ h ≤ 31, -7 ≤ k ≤ 7, -15 ≤ l ≤ 15 

Reflections collected 7977 

Independent reflections 3813 [Rint = 0.0320, Rsigma = 0.0422] 

Data/restraints/parameters 3813/1/278 

Goodness-of-fit on F2 1.027 

Final R indexes [I>=2σ (I)] R1 = 0.0425, wR2 = 0.1083 

Final R indexes [all data] R1 = 0.0462, wR2 = 0.1133 

Largest diff. peak/hole / e Å-3 0.23/-0.46 

Flack parameter 0.001(14) 

 

5. General experimental procedures for in vitro cytotoxicity assay 

Two human cancer cell lines, human leukemia cells K562 and human lung cancer cells A549 

were purchased from Chinese Academy of Sciences, Kunming Cell Bank and Chinese Academy 

of Sciences, Shanghai Cell Bank respectively. All the cells werecultured in RPMI-1640 medium 

(GIBICO, USA), supplemented with 10% fetal bovine serum (Hyclone, USA) and 

Penicillin-Streptomycin (respectively 100 U/mL) in 5% CO2 at 37 °C. The cytotoxicity assay was 

performed according to the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) 

method in 96-well microplates. Briefly, 5000 cells were seeded into each well of 96-well cell 

culture plates and allowed to grow for 24 h before the drug is added. Unless K562 tumor cell line 

was exposed to compounds at the concentrations of 1, 2, 4, 8 and 20 μmol·L-1, each A549 tumor 

cell line was exposed to the test compounds at the concentrations of 5, 10, 20, 40 and 80 μmol·L-1 

in triplicates for 48 h, comparable to cisplatin (Aladdin, China). Then the MTT reagent was added 

to reaction with the cancer cells for 4 hours. At least, measure the OD value at 490 wavelengths. 

The average 50% inhibitory concentration (IC50) of all the compounds is calculated by IBM SPSS 

Statistics (version 19). Each concentration was analyzed in triplicate at least, and the whole 

experiment was repeated three times. 

 

Table 1. Cell Inhibitory Assay of target products in K562 and A549. 

compound IC50 (uM)a compound IC50 (uM)a 
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A549 K562 A549 K562 

3aa 28.15 12.4 3ba 32.58 13.02 

3ca 57.72 18.97 3da 34.29 10.27 

3ea 45.33 21.42 3fa 67.59 30.87 

3ga 30.84 7.09 3ha 67.32 22.27 

3ja 33.26 14.54 3ka 4.83 2.60 

3la 31.84 20.33 3ma 33.00 29.62 

3oa 15.61 3.10 3ab 57.00 52.19 

3ac 58.23 74.61 3ad 39.95 50.23 

3ae 45.51 54.74 3af 39.50 46.39 

3ai 44.60 30.21 3aj 61.08 45.05 

3ak 20.46 59.39 3al 23.88 32.32 

cisplatinb 23.96 20.33    
aIC50 is the concentration of a compound that affords a 50% reduction in cell growth (after 48 h of 

incubation), expressed as the mean of triplicate experiments. bCommercially available 

broad-spectrum anticancer drug cisplatin as a positive control. 
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6. 1H, 13C NMR, and HPLC spectra for compounds 3 

1H, 13C NMR of compound 3aa 
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HPLC of compound 3aa 
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1H, 13C NMR of compound 3ba 
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HPLC of compound 3ba 
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1H, 13C NMR of compound 3ca 
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HPLC of compound 3ca 
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1H, 13C NMR of compound 3da 
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HPLC of compound 3da 

 

 

 

 

 

 

 

 

 

 



S21 

1H, 13C NMR of compound 3ea 
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HPLC of compound 3ea 
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1H, 13C NMR of compound 3fa 
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HPLC of compound 3fa 

 

 

 

 

 

 

 

 

 

1H, 13C NMR of compound 3ga 
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HPLC of compound 3ga 



S26 

 

 

 

 

 

 

 

 

 

 

1H, 13C NMR of compound 3ha 
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HPLC of compound 3ha 
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1H, 13C NMR of compound 3ia 
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HPLC of compound 3ia 
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1H, 13C NMR of compound 3ja 
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HPLC of compound 3ja 
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1H, 13C NMR of compound 3ka 
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HPLC of compound 3ka 
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1H, 13C NMR of compound 3la 

 

 

 

 

  



S36 

HPLC of compound 3la 

 

 

 

 

 

 

 

 

 

 



S37 

1H, 13C NMR of compound 3ma 
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HPLC of compound 3ma 
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1H, 13C NMR of compound 3na 
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HPLC of compound 3na 
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1H, 13C NMR of compound 3oa 
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HPLC of compound 3oa 
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1H, 13C NMR of compound 3ab 
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HPLC of compound 3ab 
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1H, 13C NMR of compound 3ac 
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HPLC of compound 3ac 
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1H, 13C NMR of compound 3ad 
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HPLC of compound 3ad 
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1H, 13C NMR of compound 3ae 
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HPLC of compound 3ae 
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1H, 13C NMR of compound 3af 
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HPLC of compound 3af 
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1H, 13C NMR of compound 3ag 
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HPLC of compound 3ag 
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1H, 13C NMR of compound 3ah 
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HPLC of compound 3ah 
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1H, 13C NMR of compound 3ai 
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HPLC of compound 3ai 
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1H, 13C NMR of compound 3aj 
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HPLC of compound 3aj 
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1H, 13C NMR of compound 3ak 
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HPLC of compound 3ak 
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1H, 13C NMR of compound 3al 
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HPLC of compound 3al 

 
 

 

 
 

 

 

 

 

 

 


