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1. General experimental information 

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

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

13
C NMR spectra were 

recorded in CDCl3 and DMSO-d6. 
1
H NMR chemical shifts are reported in ppm relative to 

tetramethylsilane (TMS) with the solvent resonance employed as the internal standard (CDCl3 at 

7.26 ppm, 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. 
13

C NMR chemical shifts are reported in ppm from tetramethylsilane (TMS) 

with the solvent resonance as the internal standard (CDCl3 at 77.20 ppm, DMSO-d6 at 39.51 ppm). 

Melting points were recorded on a melting point apparatus. 

2. Generel procedure for the synthesis of starting materials. 

1a-1p were prepared according to the literature.
1, 2

. 2a-2k were prepared according to literature 

reported by Wang and co-workers and slightly modified.
3
  

3. General procedure for the synthesis of compounds 3a-z. 

In an ordinary vial equipped with a magnetic stirring bar, the compounds 1 (0.20 mmol, 2.0 

equiv), compounds 2 (0.10 mmol, 1.0 equiv) and catalyst C (1~5 mol %) were dissolved in DCE 

(1 mL), and then the mixture was stirred at room temperature for the indicated time. After 

completion of the reaction as indicated by TLC, the products 3 were isolated by flash 

chromatography on silica gel (petroleum ether/acetone = 10/1~2/1). 

Compound 3a: White solid; 47.8 mg, 98% yield; >20:1 dr, 97% ee; [α]D
20

 = 

-195.6 (c. 0.960, acetone); m.p. 199.8-200.7 °C; HPLC (AD-H, 

i-propanol/n-hexane = 15/85, flow rate = 1.0 mL/min,  = 254 nm) tR = 22.1 

min (minor), 30.4 min (major); 
1
H NMR (300 MHz, DMSO-d6) δ 3.10 (s, 3H), 

4.52 (d, J = 8.6 Hz, 1H), 4.77-4.97 (m, 1H), 5.17 (d, J = 10.8 Hz, 1H), 

6.84-7.02 (m, 3H), 7.15-7.34 (m, 6H), 7.34-7.42 (m, 5H), 7.51 (d, J = 7.5 Hz, 1H); 
13

C NMR (75 

MHz, DMSO-d6) δ 25.9, 50.7, 60.6 (q, J = 29.7 Hz, 1C), 67.5, 72.1, 102.9, 108.4, 121.4, 124.3, 

124.4, 126.1 (q, J = 278.2 Hz, 1C), 126.3, 126.9, 128.1, 128.3, 128.6, 129.0, 130.1, 130.3, 133.4, 

143.6, 150.9, 172.7, 174.5; HRMS (ESI-TOF) calcd. for C28H21F3N2NaO3 [M + Na]
+
 513.1396, 

found: 513.1397. 

Compound 3b: White solid; 49.9 mg, 99% yield; >20:1 dr, 95% ee; [α]D
20

 = 

-183.9 (c. 0.543, acetone); m.p. 211.7-212.5 °C; HPLC (IA-H, 

DCM/i-propanol/n-hexane = 5/5/90, flow rate = 1.0 mL/min,  = 254 nm) tR 

= 18.2 min (minor), 38.4 min (major); 
1
H NMR (300 MHz, DMSO-d6) δ 1.12 

(t, J = 7.0 Hz, 3H), 3.53-3.60 (m, 1H), 3.74-3.81 (m, 1H), 4.49(d, J = 8.6 Hz, 

1H), 4.85-4.92 (m, 1H), 5.17 (d, J = 10.8 Hz, 1H), 6.89-6.98(m, 3H), 7.18-7.32 (m, 6H), 7.36 (s, 

5H), 7.53 (d, J = 7.5 Hz, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ 12.2, 33.9, 50.7, 60.6 (q, J = 29.7 

Hz, 1C),, 67.5, 71.8, 102.8, 108.3, 121.1, 124.4, 124.5, 126.1 (q, J = 278.3 Hz, 1C), 126.4, 126.9, 

128.0, 128.3, 128.6, 128.9, 130.0, 130.3, 133.4, 142.6, 150.9; HRMS (ESI-TOF) calcd. for 

C29H23F3N2NaO3 [M + Na]
+
 527.1553, found: 527.1530. 
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Compound 3c: White solid; 59.1 mg, 99% yield; >20:1 dr, 97% ee; [α]D
20

 = 

-171.8 (c. 0.554, acetone); m.p. 220.2-220.8 °C; HPLC (IA-H, 

DCM/i-propanol/n-hexane = 5/5/90, flow rate = 1.0 mL/min,  = 254 nm) tR = 

25.1 min (minor), 40.4 min (major); 
1
H NMR (300 MHz, DMSO-d6) δ 4.62 (d, 

J = 8.6 Hz, 1H), 4.73 (d, J = 15.7 Hz, 1H), 4.84-5.00 (m, 1H), 5.04 (d, J = 

15.7 Hz, 1H), 5.26 (d, J = 10.8 Hz, 1H), 6.76 (d, J = 7.8 Hz, 1H), 6.91 (t, J = 7.6 Hz, 1H), 7.03 (s, 

1H), 7.10-7.23 (m, 2H), 7.24-7.43 (m, 14H), 7.56 (d, J = 7.5 Hz, 1H); 
13

C NMR (75 MHz, 

DMSO-d6) δ 43.0, 51.0, 60.6 (q, J = 29.3 Hz, 1C), 67.5, 72.0, 102.9, 109.1, 121.6, 124.5, 126.2 (q, 

J = 279.0 Hz, 1C), 126.7, 126.9, 127.5, 127.5, 128.1, 128.4, 128.6, 128.7, 129.0, 130.1, 130.2, 

133.4, 136.1, 142.8, 151.0, 172.8, 174.7; HRMS (ESI-TOF) calcd. for C34H25F3N2NaO3 [M + 

Na]
+
 589.1709, found: 589.1713. 

Compound 3d: White solid; 56.9 mg, 99% yield; >20:1 dr, 96% ee; [α]D
20

 = 

-114.3 (c. 0.589, acetone); m.p. 193.2-194.1 °C; HPLC (IA-H, 

i-propanol/n-hexane = 10/90, flow rate = 1.0 mL/min,  = 254 nm) tR = 18.0 

min (minor), 35.0 min (major); 
1
H NMR (300 MHz, DMSO-d6) δ 4.16 (dd, J 

= 16.3, 5.7 Hz, 1H), 4.41 (dd, J = 16.2, 4.7 Hz, 1H), 4.56 (d, J = 8.5 Hz, 1H), 

4.79-5.01 (m, 1H), 5.09-5.30 (m, 3H), 5.66-5.89 (m, 1H), 6.86 (d, J = 7.8 Hz, 1H), 6.93 (t, J = 7.6 

Hz, 1H), 6.99 (s, 1H), 7.13-7.43 (m, 11H), 7.54 (d, J = 7.4 Hz, 1H);
 13

C NMR (75 MHz, 

DMSO-d6) δ 41.6, 50.8, 60.6 (q, J = 30.0 Hz, 1C), 67.6, 72.0, 102.9, 109.0, 117.5, 121.4, 124.4, 

124.5, 126.1 (q, J = 278.2 Hz, 1C), 126.5, 126.9, 128.1, 128.4, 128.7, 129.0, 130.1, 130.2, 131.7, 

133.4, 142.8, 151.0, 172.7, 174.3; HRMS (ESI-TOF) calcd. for C30H23F3N2NaO3 [M + Na]
+
 

539.1553, found: 539.1557. 

Compound 3e: White solid; 50.9 mg, 98% yield; 12:1 dr, 98% ee; [α]D
20

 = 

-227.9 (c. 0.523, acetone); m.p. 171.2-171.5 °C; HPLC (IA-H, 

DCM/i-propanol/n-hexane = 5/5/90, flow rate = 1.0 mL/min,  = 254 nm) tR = 

18.1 min (minor), 19.2 min (major); 
1
H NMR (300 MHz, DMSO-d6) δ 2.66 (s, 

3H), 4.77 (d, J = 7.4 Hz, 1H), 4.85 (d, J = 10.8 Hz, 1H), 4.90-5.06 (m, 1H), 

6.98 (s, 1H), 7.12-7.23 (m, 2H), 7.23-7.40 (m, 10H), 7.69 (d, J = 7.6 Hz, 1H), 8.03 (d, J = 8.1 Hz, 

1H); 
13

C NMR (75 MHz, DMSO-d6) δ 26.0, 51.2, 60.8 (q, J = 29.3 Hz, 1C), 68.5, 72.4, 102.3, 

115.4, 124.3, 124.3, 124.5, 126.0 (q, J = 278.3 Hz, 1C), 126.5, 126.6, 128.3, 128.4, 128.7, 129.0, 

130.3, 130.5, 132.7, 139.2, 151.4, 170.1, 173.4, 176.4; HRMS (ESI-TOF) calcd. for 

C29H21F3N2NaO4 [M + Na]
+
 541.1346, found: 541.1351. 

Compound 3f: White solid; 57.4 mg, 91% yield; >20:1 dr, 88% ee; [α]D
20

 = 

-45.6 (c. 1.435, acetone); m.p. 222.4-223.2 °C; HPLC (IA-H, 

i-propanol/n-hexane =10/90, flow rate = 1.0 mL/min,  = 254 nm) tR = 31.0 

min (minor), 36.1 min (major); 
1
H NMR (300 MHz, DMSO-d6) δ 2.38 (s, 3H), 

4.68 (d, J = 7.3 Hz, 1H), 4.74 (d, J = 10.8 Hz, 1H), 4.83-4.99 (m, 1H), 6.93 (s, 

1H), 7.09-7.22 (m, 2H), 7.22-7.40 (m, 10H), 7.49 (d, J = 8.3 Hz, 2H), 7.64 (d, J = 7.4 Hz, 1H), 

7.71 (d, J = 8.2 Hz, 1H), 7.98 (d, J = 8.3 Hz, 2H); 
13

C NMR (75 MHz, DMSO-d6) δ 21.1, 51.1, 

60.5 (q, J = 30.0 Hz, 1C), 67.9, 72.2, 102.0, 112.5, 124.0, 124.5, 125.8 (q, J = 279.0 Hz, 1C), 

126.6, 127.4, 127.5, 128.2, 128.3, 128.6, 128.9, 130.2, 130.2, 130.9, 132.5, 134.3, 137.8, 146.0, 

151.5, 172.5, 173.5; HRMS (ESI-TOF) calcd. for C34H25F3N2NaO5S [M + Na]
+
 653.1328, found: 

653.1336. 
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Compound 3g: White solid; 43.5 mg, 91% yield; >20:1 dr, 83% ee; [α]D
20

 = 

-128.6 (c. 0.435, acetone); m.p. 119.3-119.8 °C; HPLC (IA-H, 

DCM/i-propanol/n-hexane = 10/10/80, flow rate = 1.0 mL/min,  = 254 nm) 

tR = 19.6 min (minor), 36.1 min (major); 
1
H NMR (300 MHz, DMSO-d6) δ 

4.42 (d, J = 8.6 Hz, 1H), 4.84-4.89 (m, 1H), 5.14 (d, J = 10.8 Hz, 1H), 6.73 (d, 

J = 7.7 Hz, 1H), 6.84 (t, J = 7.6 Hz, 1H), 6.94 (s, 1H), 7.12-7.21 (m, 2H), 7.22-7.28 (m, 4H), 

7.30-7.40 (m, 5H), 7.46 (d, J = 7.6 Hz, 1H), 10.41 (s, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ 50.6, 

60.6 (q, J = 29.7 Hz, 1C), 67.4, 72.3, 103.0, 109.4, 120.7, 125.0, 126.2 (q, J = 275.3 Hz, 1C), 

126.7, 127.0, 128.0, 128.3, 128.6, 129.0, 130.0, 130.2, 133.5, 142.3, 150.8, 176.1; HRMS 

(ESI-TOF) calcd. for C27H19F3N2NaO3 [M + Na]
+
 499.1240, found: 499.1240. 

 

Compound 3h: White solid; 49.4 mg, 97% yield; >20:1 dr, 99% ee; [α]D
20

 = 

-155.4 (c. 0.579, acetone); m.p. 207.4-208.1 °C; HPLC (IA-H, 

i-propanol/n-hexane = 10/90, flow rate = 1.0 mL/min,  = 254 nm) tR = 

21.9 min (minor), 33.9 min (major); 
1
H NMR (300 MHz, DMSO-d6) δ 3.09 

(s, 3H), 4.63 (d, J = 8.2 Hz, 1H), 4.76-4.92 (m, 1H), 5.12 (d, J = 10.7 Hz, 

1H), 6.94 (dd, J = 8.6, 4.3 Hz, 1H), 6.98 (s, 1H), 7.07-7.23 (m, 2H), 7.23-7.32 (m, 4H), 7.34-7.46 

(m, 6H);
 13

C NMR (75 MHz, DMSO-d6) 
13

C NMR (75 MHz, DMSO) δ 26.2, 50.7, 60.6 (q, J = 

29.9 Hz, 1C), 67.4, 72.2, 102.6, 109.3 (d, J = 8.2 Hz, 1C), 114.5 (d, J = 26.0 Hz, 1C), 116.5 (d, J = 

23.3 Hz, 1C), 124.4, 126.0 (q, J = 278.2 Hz, 1C), 126.2 (d, J = 8.4 Hz, 1C), 126.8, 128.2, 128.4, 

128.6, 129.0, 130.3, 133.2, 139.9 (d, J = 1.6 Hz, 1C), 151.2, 157.4 (d, J = 237.2 Hz, 1C), 172.5, 

174.5; HRMS (ESI-TOF) calcd. for C28H20F4N2NaO3 [M + Na]
+
 531.1302, found: 531.1308. 

Compound 3i: White solid; 53.0 mg, 99% yield; >20:1 dr, >99% ee; 

[α]D
20

 = -36.8 (c. 0.572, acetone); m.p. 222.5-222.9 °C; HPLC (IA-H, 

DCM/i-propanol/n-hexane = 5/5/90, flow rate = 1.0 mL/min,  = 254 nm) 

tR = 15.6 min (minor), 35.2 min (major); 
1
H NMR (300 MHz, DMSO-d6) 

δ 3.09 (s, 3H), 4.66 (d, J = 8.2 Hz, 1H), 4.76-4.95 (m, 1H), 5.09 (d, J = 

10.8 Hz, 1H), 6.95 (d, J = 8.4 Hz, 1H), 7.02 (s, 1H), 7.14-7.23 (m, 1H), 7.23-7.34 (m, 5H), 

7.35-7.43 (m, 5H), 7.61 (d, J = 2.2 Hz, 1H);
 13

C NMR (75 MHz, DMSO-d6) δ 26.1, 50.6, 60.6 (q, 

J = 30.0 Hz, 1C), 67.4, 72.2, 102.6, 109.8, 124.4, 125.4, 126.0 (q, J = 278.2 Hz, 1C), 126.3, 126.7, 

126.8, 128.1, 128.4, 128.6, 128.9, 129.9, 130.2, 133.1, 142.5, 151.3, 172.4, 174.3; HRMS 

(ESI-TOF) calcd. for C28H20ClF3N2NaO3 [M + Na]
+
 547.1007, found: 547.1013 

Compound 3j: White solid; 49.2 mg, 86% yield; >20:1 dr, >99% ee; [α]D
20

 

= -37.5 (c. 0.512, acetone); m.p. 220.8-220.9 °C; HPLC (IA-H, 

i-propanol/n-hexane = 10/90, flow rate = 1.0 mL/min,  = 254 nm) tR = 

19.4 min (minor), 35.3 min (major); 
1
H NMR (300 MHz, DMSO-d6) δ 3.08 

(s, 3H), 4.65 (d, J = 8.2 Hz, 1H), 4.76-4.98 (m, 1H), 5.07 (d, J = 10.7 Hz, 

1H), 6.90 (d, J = 8.4 Hz, 1H), 7.02 (s, 1H), 7.15-7.33 (m, 5H), 7.38 (s, 5H), 7.44 (dd, J = 8.3, 2.0 

Hz, 1H), 7.74 (d, J = 2.0 Hz, 1H);
 13

C NMR (75 MHz, DMSO-d6) δ 26.1, 50.5, 60.6 (q, J = 28.5 

Hz, 1C), 67.4, 72.2, 102.7, 110.3, 113.0, 124.4, 126.0 (q, J = 279.0 Hz, 1C), 126.6, 126.8, 128.2, 

128.4, 128.6, 129.0, 129.6, 130.3, 132.8, 133.2, 142.9, 151.3, 172.5, 174.2; HRMS (ESI-TOF) 

calcd. for C28H20BrF3N2NaO3 [M + Na]
+
 591.0502, found: 591.0510 
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Compound 3k: White solid; 51.3 mg, 98% yield; >20:1 dr, 98% ee; [α]D
20

 

= -144.7 (c. 0.647, acetone); m.p. 211.6-211.9 °C; HPLC (IA-H, 

i-propanol/n-hexane = 10/90, flow rate = 1.0 mL/min,  = 254 nm) tR = 

16.7 min (minor), 25.0 min (major); 
1
H NMR (300 MHz, DMSO-d6) δ 3.11 

(s, 3H), 4.62 (d, J = 8.3 Hz, 1H), 4.74-4.98 (m, 1H), 5.12 (d, J = 10.6 Hz, 

1H), 6.94 (s, 1H), 7.02 (d, J = 8.0 Hz, 1H), 7.10 (s, 1H), 7.14-7.34 (m, 5H), 7.37 (s, 5H), 7.50 (d, J 

= 8.0 Hz, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ
 
26.1, 50.8, 60.5 (q, J = 30.0 Hz, 1C), 67.4, 71.7, 

102.5, 108.9, 121.0, 123.1, 124.5, 126.0 (q, J = 279.0 Hz, 1C), 126.8, 127.7, 128.1, 128.3, 128.6, 

128.9, 130.2, 133.2, 134.9, 145.2, 151.2, 172.5, 174.6; HRMS (ESI-TOF) calcd. for 

C28H20ClF3N2NaO3 [M + Na]
+
 547.1007, found: 547.1012. 

Compound 3l: White solid; 48.3 mg, 95% yield; >20:1 dr, 98% ee; [α]D
20

 = 

-205.7 (c. 0.483, acetone); m.p. 197.4-198.1 °C; HPLC (IA-H, 

DCM/i-propanol/n-hexane = 1/9/90, flow rate = 1.0 mL/min,  = 254 nm) tR = 

22.4 min (minor), 35.7 min (major); 
1
H NMR (300 MHz, DMSO-d6) δ 2.16 (s, 

3H), 3.09 (s, 3H), 4.49 (d, J = 8.7 Hz, 1H), 4.73-4.91 (m, 1H), 5.13 (d, J = 

10.9 Hz, 1H), 6.88-6.97 (m, 3H), 7.06 (d, J = 7.9 Hz, 2H), 7.15-7.29 (m, 3H), 

7.32-7.42 (m, 5H), 7.50 (d, J = 7.5 Hz, 1H); 
13

C NMR (75 MHz, DMSO) δ 

20.5, 25.9, 50.3, 60.7 (q, J = 29.6 Hz, 1C), 67.4, 72.1, 102.9, 108.3, 121.3, 124.3, 124.4, 126.1 (q, 

J = 279.0 Hz, 1C), 126.2, 127.0, 127.1, 128.5, 128.9, 129.0, 130.0, 130.3, 137.2, 143.6, 150.9, 

172.6, 174.5; HRMS (ESI-TOF) calcd. for C29H23F3N2NaO3 [M + Na]
+
 527.1553, found: 

527.1554. 

Compound 3m: White solid; 42.3 mg, 81% yield; >20:1 dr, 95% ee; [α]D
20

 = 

-154.4 (c. 0.416, acetone); m.p. 198.5-199.6 °C; HPLC (IA-H, 

DCM/i-propanol/n-hexane = 8/8/84, flow rate = 1.0 mL/min,  = 254 nm) tR = 

12.7 min (minor), 21.0 min (major); 
1
H NMR (300 MHz, DMSO-d6) δ 3.09 (s, 

3H), 3.63 (s, 3H), 4.48 (d, J = 8.5 Hz, 1H), 4.65-4.91 (m, 1H), 5.11 (d, J = 

10.8 Hz, 1H), 6.82 (d, J = 8.2 Hz, 2H), 6.88-7.00 (m, 3H), 7.17-7.30 (m, 3H), 

7.38 (s, 5H), 7.51 (d, J = 7.5 Hz, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ 25.9, 

50.1, 54.9, 60.9 (q, J = 30.0 Hz, 1C), 67.5, 72.0, 103.0, 108.4, 113.7, 121.4, 124.4, 125.1, 126.2 (q, 

J = 279.0 Hz, 1C), 126.3, 127.0, 129.0, 129.8, 130.1, 130.3, 143.6, 150.9, 158.8, 172.8, 174.6; 

HRMS (ESI-TOF) calcd. for C29H23F3N2NaO4 [M + Na]
+
 543.1502, found: 543.1519. 

Compound 3n: White solid; 55.9 mg, 99% yield; >20:1 dr, 97% ee; [α]D
20

 = 

-143.4 (c. 0.597, acetone); m.p. 199.5-200.2 °C; HPLC (IA-H, 

DCM/i-propanol/n-hexane = 1/9/90, flow rate = 1.0 mL/min,  = 254 nm) tR = 

18.8 min (minor), 33.1 min (major); 
1
H NMR (300 MHz, DMSO-d6) δ 2.16 (s, 

3H), 3.05 (s, 3H), 4.48 (d, J = 8.7 Hz, 1H), 4.71-4.90 (m, 1H), 5.09 (d, J = 

10.8 Hz, 1H), 6.83-7.00 (m, 4H), 7.02-7.15 (m, 3H), 7.21 (t, J = 7.4 Hz, 1H), 

7.29-7.39 (m, 5H), 7.47 (d, J = 7.2 Hz, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ 20.9, 25.9, 50.7, 

60.7 (q, J = 30.0 Hz, 1C), 67.5, 72.1, 103.0, 108.3, 121.4, 124.3, 124.4, 125.6, 126.1 (q, J = 278.3 

Hz, 1C), 126.2, 127.0, 128.1, 128.7, 128.9, 129.4, 130.0, 130.3, 133.4, 137.4, 143.6, 150.9, 172.7, 

174.5; HRMS (ESI-TOF) calcd. for C29H23F3N2NaO3 [M + Na]
+
 527.1553, found: 527.1560. 
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Compound 3o: White solid; 47.6 mg, 86% yield; >20:1 dr, 98% ee; [α]D
20

 = 

-163.7 (c. 0.427, acetone); m.p. 192.7-193.5 °C; HPLC (IA-H, 

DCM/i-propanol/n-hexane = 6/6/88, flow rate = 1.0 mL/min,  = 254 nm) tR 

= 21.7 min (minor), 34.8 min (major); 
1
H NMR (300 MHz, DMSO-d6) δ 

3.09 (s, 3H), 3.63 (s, 3H), 3.66 (s, 3H), 4.48 (d, J = 8.2 Hz, 1H), 4.75-4.93 

(m, 1H), 5.08 (d, J = 10.8 Hz, 1H), 6.79 (q, J = 8.2 Hz, 2H), 6.87-6.99 (m, 

3H), 7.11 (s, 1H), 7.25 (t, J = 7.7 Hz, 1H), 7.33-7.44 (m, 5H), 7.47 (d, J = 

7.5 Hz, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ
 
25.9, 50.6, 55.2, 55.6, 60.9 (q, J = 29.3 Hz, 1C), 

67.5, 71.9, 103.4, 108.4, 111.2, 112.0, 121.3, 121.4, 124.3, 124.5, 125.5, 126.6 (q, J = 279.0 Hz, 

1C). 126.3, 127.1, 129.0, 130.1, 130.3, 143.6, 148.0, 148.4, 150.7, 172.8, 174.7; HRMS (ESI-TOF) 

calcd. for C30H25F3N2NaO5 [M + Na]
+
 573.1608, found: 573.1609. 

Compound 3p: White solid; 47.3 mg, 99% yield; >20:1 dr, 98% ee; [α]D
20

 = 

-172.1 (c. 0.564, acetone); m.p. 198.8-199.3 °C; HPLC (IA-H, 

i-propanol/n-hexane = 10/90, flow rate = 1.0 mL/min,  = 254 nm) tR = 25.5 

min (minor), 37.3 min (major); 
1
H NMR (300 MHz, DMSO-d6) δ 3.10 (s, 3H), 

4.56 (d, J = 8.5 Hz, 1H), 4.76-4.95 (m, 1H), 5.17 (d, J = 10.9 Hz, 1H), 

6.88-7.00 (m, 3H), 7.11 (t, J = 8.7 Hz, 2H), 7.25 (t, J = 7.7 Hz, 1H), 7.30-7.44 

(m, 7H), 7.50 (d, J = 7.3 Hz, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ 26.0, 50.0, 

60.8 (q, J = 29.2 Hz, 1C), 67.4, 72.0, 102.7, 108.4, 115.3 (d, J = 21.4 Hz, 1C), 121.4, 124.3, 124.5, 

126.1 (q, J = 279.0 Hz, 1C), 126.3, 126.9, 129.0, 129.6 (d, J = 3.1 Hz, 1C), 130.2, 130.4, 130.7 (d, 

J = 8.2 Hz, 1C), 143.6, 151.1, 161.7 (d, J = 244.7 Hz, 1C), 172.6, 174.5; HRMS (ESI-TOF) calcd. 

for C28H20F4N2NaO3 [M + Na]
+
 531.1302, found: 531.1305. 

Compound 3q: White solid; 59.5 mg, 96% yield; >20:1 dr, 98% ee; [α]D
20

 = 

-160.8 (c. 1.282, acetone); m.p. 204.1-204.5 °C; HPLC (IA-H, 

i-propanol/n-hexane = 15/85, flow rate = 1.0 mL/min,  = 254 nm) tR = 13.1 

min (minor), 21.7 min (major); 
1
H NMR (300 MHz, DMSO-d6) δ 3.09 (s, 3H), 

4.59 (d, J = 8.3 Hz, 1H), 4.79-5.03 (m, 1H), 5.14 (d, J = 10.8 Hz, 1H), 6.94 (t, 

J = 7.4 Hz, 2H), 7.02 (s, 1H), 7.18-7.29 (m, 2H), 7.30-7.45 (m, 7H), 7.48 (d, J 

= 7.4 Hz, 1H), 7.56 (s, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ 26.0, 50.4, 60.6 (q, J = 29.2 Hz, 1C), 

67.4, 72.0, 102.6, 108.5, 121.5, 124.2, 124.5, 126.0  126.3, 126.8, 127.9, 129.0, 130.3, 130.4, 

130.6, 131.2, 131.3, 136.1, 143.6, 151.3, 172.6, 174.5; HRMS (ESI-TOF) calcd. for 

C28H20BrF3N2NaO3 [M + Na]
+
 591.0502, found: 591.0510. 

Compound 3r: White solid; 40.7 mg, 81% yield; >20:1 dr, 98% ee; [α]D
20

 = 

-78.5 (c. 0.407, acetone); m.p. 188.5-188.9 °C; HPLC (IA-H, 

DCM/i-propanol/n-hexane = 6/6/88, flow rate = 1.0 mL/min,  = 254 nm) tR = 

14.2 min (minor), 24.5 min (major); 
1
H NMR (300 MHz, DMSO-d6) δ 3.10 (s, 

3H), 4.58 (d, J = 8.8 Hz, 1H), 4.77-4.97 (m, 1H), 5.61 (d, J = 10.7 Hz, 1H), 

6.89-6.99 (m, 3H), 7.06-7.19 (m, 2H), 7.20-7.32 (m, 2H), 7.32-7.45 (m, 5H), 

7.46-7.62 (m, 2H); 
13

C NMR (75 MHz, DMSO-d6) δ 26.0, 40.9, 60.6 (q, J = 31.5 Hz, 1C), 66.9, 

72.0, 102.7, 108.4, 115.6 (d, J = 22.5 Hz, 1C), 120.3 (d, J = 12.8 Hz, 1C), 121.5, 124.1, 124.2, 

124.5, 126.1 (q, J = 269.2 Hz, 1C), 126.3, 126.9, 129.1, 130.1, 130.3, 130.4, 130.8, 143.7, 151.2, 

160.4 (d, J = 244.5 Hz, 1C), 172.2, 174.5; HRMS (ESI-TOF) calcd. for C28H20F4N2NaO3 [M + 

Na]
+
 531.1302, found: 531.1313. 
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Compound 3s: White solid; 55.4 mg, 99% yield; >20:1 dr, 94% ee; [α]D
20

 = 

-67.4 (c. 0.583, acetone); m.p. 205.2-205.9 °C; HPLC (AD-H, 

i-propanol/n-hexane = 9/91, flow rate = 1.0 mL/min,  = 254 nm) tR = 59.9 

min (minor), 65.0 min (major); 
1
H NMR (300 MHz, DMSO-d6) δ 3.10 (s, 3H), 

4.59 (d, J = 8.5 Hz, 1H), 4.66-4.86 (m, 1H), 6.15 (d, J = 10.6 Hz, 1H), 6.93 (t, 

J = 8.5 Hz, 2H), 7.11 (s, 1H), 7.15-7.30 (m, 3H), 7.32-7.48 (m, 6H), 7.51 (d, J 

= 7.2 Hz, 1H), 7.76 (d, J = 7.1 Hz, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ 26.0, 45.4, 62.2 (q, J = 

30.0 Hz, 1C), 66.6, 72.3, 103.0, 108.4, 121.4, 124.2, 124.5, 126.0 (q, J = 278.2 Hz, 1C), 126.3, 

126.5, 127.0, 129.0, 129.6, 129.7, 130.2, 130.4, 130.9, 131.2, 134.1, 143.8, 151.1, 172.0, 174.5; 

HRMS (ESI-TOF) calcd. for C28H20ClF3N2NaO3 [M + Na]
+
 547.1007, found: 547.1003. 

Compound 3t: White solid; 61.2 mg, 98% yield; >20:1 dr, 98% ee; [α]D
20

 = 

-10.6 (c. 0.731, acetone); m.p. 196.8-197.3 °C; HPLC (AD-H, 

i-propanol/n-hexane = 9/91, flow rate = 1.0 mL/min,  = 254 nm) tR = 69.5 

min (major), 77.4 min (minor); 
1
H NMR (300 MHz, DMSO-d6) δ 3.10 (s, 3H), 

4.57 (d, J = 8.6 Hz, 1H), 4.63-4.82 (m, 1H), 6.14 (d, J = 10.7 Hz, 1H), 6.94 (t, 

J = 7.5 Hz, 2H), 7.10 (d, J = 10.3 Hz, 2H), 7.21-7.32 (m, 2H), 7.34-7.48 (m, 

5H), 7.51 (d, J = 7.5 Hz, 1H), 7.56 (d, J = 7.9 Hz, 1H), 7.73 (d, J = 7.8 Hz, 1H); 
13

C NMR (75 

MHz, DMSO-d6) δ 26.0, 48.2, 62.6), 66.7, 72.3, 103.0, 108.4, 121.4, 124.2, 124.5, 125.1, 126.1, 

126.4, 126.9, 127.0, 129.0, 129.9, 130.2, 130.4, 131.0, 133.0, 133.1, 143.8, 151.0, 171.9, 174.4; 

HRMS (ESI-TOF) calcd. for C28H20BrF3N2NaO3 [M + Na]
+
 591.0502, found: 591.0505. 

Compound 3u: White solid; 45.6 mg, 95% yield; >20:1 dr, 94% ee; [α]D
20

 = 

-203.5 (c. 0.450, acetone); m.p. 192.9-193.7 °C; HPLC (IA-H, 

DCM/i-propanol/n-hexane = 1/9/90, flow rate = 1.0 mL/min,  = 254 nm) tR = 

18.6 min (minor), 37.5 min (major); 
1
H NMR (300 MHz, DMSO-d6) δ 3.09 (s, 

3H), 4.59 (d, J = 9.1 Hz, 1H), 4.63-4.84 (m, 1H), 5.25 (d, J = 10.5 Hz, 1H), 

6.26-6.43 (m, 2H), 6.72 (s, 1H), 6.87-6.99 (m, 2H), 7.27 (t, J = 7.7 Hz, 1H), 

7.35-7.47 (m, 5H), 7.47-7.58 (m, 2H); 
13

C NMR (75 MHz, DMSO-d6) δ 25.9, 44.7, 60.2 (q, J = 

30.0 Hz, 1C), 66.2, 71.9, 102.7, 108.4, 108.5, 110.6, 121.4, 123.7, 124.5, 125.8 (q, J = 278.3 Hz, 

1C), 126.2, 126.9, 129.0, 130.2, 130.4, 143.2, 143.6, 148.0, 151.3, 172.3, 174.2; HRMS (ESI-TOF) 

calcd. for C26H19F3N2NaO4 [M + Na]
+
 503.1189, found: 503.1184. 

Compound 3v: White solid; 49.3 mg, 99% yield; >20:1 dr, >99% ee; [α]D
20

 = 

-134.7 (c. 0.501, acetone); m.p. 198.0-198.3 °C; HPLC (IA-H, 

DCM/i-propanol/n-hexane = 1/9/90, flow rate = 1.0 mL/min,  = 254 nm) tR = 

19.2 min (minor), 34.6 min (major); 
1
H NMR (300 MHz, DMSO-d6) δ 3.05 (s, 

3H), 4.50 (d, J = 8.8 Hz, 1H), 4.54-4.70 (m, 1H), 5.45 (d, J = 10.3 Hz, 1H), 

6.84-6.96 (m, 4H), 7.03 (d, J = 3.5 Hz, 1H), 7.23 (t, J = 7.7 Hz, 1H), 

7.31-7.45 (m, 6H), 7.50 (d, J = 7.5 Hz, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ 26.0, 46.1, 63.1 (q, 

J = 30.0 Hz, 1C), 67.3, 71.8, 102.8, 108.5, 121.5, 124.1, 124.6, 125.9 (q, J = 278.3 Hz, 1C), 126.3, 

126.4, 126.9, 127.0, 127.4, 129.1, 130.3, 130.4, 143.6, 151.8, 172.4, 174.4; HRMS (ESI-TOF) 

calcd. for C26H19F3N2NaO3S [M + Na]
+
 519.0961, found: 519.0964. 

Compound 3w: White solid; 51.0 mg, 94% yield; >20:1 dr, 98% ee; [α]D
20

 = 

+103.1 (c. 0.483, acetone); m.p. 207.1-207.5 °C; HPLC (IA-H, 
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i-propanol/n-hexane = 10/90, flow rate = 1.0 mL/min,  = 254 nm) tR = 31.6 min (minor), 49.8 

min (major); 
1
H NMR (300 MHz, DMSO-d6) δ 3.17 (s, 3H), 4.65 (d, J = 8.4 Hz, 1H), 4.86-5.09 

(m, 1H), 6.52 (d, J = 10.6 Hz, 1H), 6.85-7.06 (m, 2H), 7.20 (s, 1H), 7.27 (t, J = 7.7 Hz, 1H), 

7.31-7.42 (m, 5H), 7.42-7.49 (m, 1H), 7.49-7.68 (m, 3H), 7.78 (d, J = 8.1 Hz, 1H), 7.87 (t, J = 7.1 

Hz, 2H), 8.36 (d, J = 8.7 Hz, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ 26.1, 43.2, 62.2 (q, J = 30.0 

Hz, 1C), 67.0, 72.4, 103.3, 108.5, 121.5, 122.5, 124.3, 124.4, 124.7, 125.8, 126.2 126.4, 126.6, 

126.9, 128.4, 128.8, 129.0, 129.0, 130.1, 130.4, 131.8, 133.4, 143.7, 151.3, 172.6, 174.9; HRMS 

(ESI-TOF) calcd. for C32H23F3N2NaO3 [M + Na]
+
 563.1553, found: 563.1542. 

Compound 3x: White solid; 51.8 mg, 99% yield; >20:1 dr, 98% ee; 

[α]D
20

 = -159.7 (c. 0.619, acetone); m.p. 217.2-218.1 °C; HPLC 

(IA-H, i-propanol/n-hexane = 10/90, flow rate = 1.0 mL/min,  = 

254 nm) tR = 22.1 min (minor), 37.3 min (major); 
1
H NMR (300 

MHz, DMSO-d6) δ 2.24 (s, 3H), 3.09 (s, 3H), 4.52 (d, J = 8.7 Hz, 

1H), 4.77-4.96 (m, 1H), 5.17 (d, J = 10.8 Hz, 1H), 6.86 (s, 1H), 6.92 (t, J = 8.2 Hz, 2H), 7.11-7.21 

(m, 3H), 7.21-7.34 (m, 7H), 7.51 (d, J = 7.4 Hz, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ
 
20.9, 25.9, 

50.7, 60.6 (q, J = 30.0 Hz, 1C), 67.5, 72.1, 101.8, 108.4, 121.4, 124.2, 124.4, 126.2 (q, J = 278.5 

Hz, 1C), 126.3, 128.0, 128.3, 128.6, 129.5, 130.3, 133.5, 140.0, 143.6, 151.1, 172.8, 174.6; HRMS 

(ESI-TOF) calcd. for C29H23F3N2NaO3 [M + Na]
+
 527.1553, found:527.1547. 

Compound 3y: White solid; 49.8 mg, 98% yield; >20:1 dr, 98% ee; 

[α]D
20

 = -151.4 (c. 0.606, acetone); m.p. 197.2-197.5 °C; HPLC (IA-H, 

i-propanol/n-hexane = 10/90, flow rate = 1.0 mL/min,  = 254 nm) tR = 

24.4 min (minor), 42.2 min (major); 
1
H NMR (300 MHz, DMSO-d6) δ

 

3.09 (s, 3H), 4.56 (d, J = 8.4 Hz, 1H), 4.76-4.96 (m, 1H), 5.17 (d, J = 

10.8 Hz, 1H), 6.86-6.99 (m, 3H), 7.14-7.35 (m, 8H), 7.37-7.47 (m, 2H), 7.51 (d, J = 7.4 Hz, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ 25.9, 60.2 (q, J = 30.0 Hz, 1C), 61.2, 67.6, 72.1, 102.7 (d, J = 

2.3 Hz, 1C), 108.4, 116.1, 121.4, 123.5 (d, J = 3.0 Hz, 1C), 124.3, 126.1 (q, J = 279.0 Hz, 1C), 

126.3, 126.9 (d, J = 8.2 Hz, 1C), 128.1, 128.4, 128.6, 130.3, 133.4, 143.7, 150.0, 162.9 (d, J = 

246.7 Hz, 1C), 172.6, 174.5; HRMS (ESI-TOF) calcd. for C28H20F4N2NaO4 [M + Na]
+
 531.1302, 

found: 531.1309 

Compound 3z: White solid; 52.2 mg, 96% yield; >20:1 dr, 97% ee; 

[α]D
20

 = -165.7 (c. 0.652, acetone); m.p. 199.5-199.8 °C; HPLC (IA-H, 

i-propanol/n-hexane = 10/90, flow rate = 1.0 mL/min,  = 254 nm) tR = 

29.1 min (minor), 43.5 min (major); 
1
H NMR (300 MHz, DMSO-d6) δ

 

3.11 (s, 3H), 4.59 (d, J = 8.2 Hz, 1H), 4.80-5.03 (m, 1H), 5.22 (d, J = 

10.7 Hz, 1H), 6.82-7.00 (m, 2H), 7.07-7.30 (m, 5H), 7.31-7.42 (m, 2H), 7.43-7.62 (m, 3H), 7.68 (d, 

J = 8.5 Hz, 1H), 7.74 (s, 1H), 7.87 (t, J = 6.6 Hz, 2H), 7.96 (d, J = 8.6 Hz, 1H); 
13

C NMR (75 

MHz, DMSO-d6) δ 26.0, 50.8, 60.7 (q, J = 29.3 Hz, 1C), 67.7, 72.2, 103.8, 108.4, 121.4, 121.7, 

123.9, 124.2, 124.4, 126.2 (q, J = 279.0 Hz, 1C), 126.4, 127.1, 127.5, 127.7, 128.1, 128.4, 128.6, 

128.7, 128.9, 130.4, 132.4, 133.3, 133.5, 143.7, 151.0, 172.7, 174.6; HRMS (ESI-TOF) calcd. for 

C32H23F3N2NaO3 [M + Na]
+
 563.1553, found: 563.1547. 
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4. Procedure for the synthesis of compounds 4
4
 and 6

5
. 

 

Hydrazine hydrate (80%, 1.0 mL) was added to a stirred solution of 3q (0.4 mmol, 228.8 mg) in 

absolute ethanol (13.0 mL) and the reaction mixture was stirred for 20 min at 50 ºC. The white 

solid disappears. After completion of the reaction as indicated by TLC. The resulting mixture 

concentrated under reduced pressure and obtained pale yellow oil 5. 

A mixture of glacial acetic acid (1.0 mL), hydrochloric acid (34%, 4.0 mL) and pale yellow oil 

was refluxed for 20 min. White precipitate was formed. After completion of the reaction and 

mixture was allowed to cool and ice-cold water (15 mL) was poured into. The aqueous phase 

extracted with DCM (3 x 10 mL). The organic phase were combined and dried over Na2SO4, then 

the solvent was evaporated. The crude product was purified on a column of silica gel and eluted 

with petroleum ether/EtOAc (8:1). Afforded 231.9 mg of 6. 

Compound 6: White solid; 231.9 mg, 99% yield; >20:1 dr, >99% ee; [α]D
20

 = -360.1 (c. 1.150, 

acetone); m.p. 199.8-200.7 °C; HPLC (IA-H, i-propanol/n-hexane = 15/85, flow rate = 1.0 

mL/min,  = 254 nm) tR = 10.0 min (major), 14.6 min (minor);
 1
H NMR (300 MHz, CDCl3) δ 2.45 

(s, 3H), 2.74 (d, J = 16.6 Hz, 1H), 2.87 (d, J = 8.7 Hz, 1H), 3.20 (d, J = 16.7 Hz, 1H), 4.50 (d, J = 

10.7 Hz, 1H), 5.30 (dq, J = 15.8, 7.1 Hz, 1H), 6.40 (d, J = 7.8 Hz, 1H), 6.87 (t, J = 7.6 Hz, 1H), 

7.15-7.29 (m, 6H), 7.29-7.36 (m, 2H), 7.44 (d, J = 8.1 Hz, 1H), 7.60 (d, J = 7.9 Hz, 1H), 7.84 (s, 

1H), 9.23 (s, 1H); 
13

C NMR (75 MHz, DMSO) δ 24.7, 49.8, 55.9, 61.6 (q, J = 29.1 Hz, 1C), 71.0, 

79.1, 108.0, 121.4, 122.3, 124.7, 124.9, 125.3, 126.2 (q, J = 279.0 Hz, 1C), 128.1, 129.4, 129.7, 

129.8, 130.1, 130.8, 132.8, 135.1, 136.4, 143.2, 149.0, 165.5, 175.5; HRMS (ESI-TOF) calcd. for 

C28H22BrF3N4NaO2 [M + Na]
+
 605.0707, found: 605.0765. 

 

To a solution of 3q (113.7 mg, 0.20 mmol) (>99:1 dr) in methanol (3 mL) was added DMAP 

(24.4 mg, 0.2 mmol). The reaction mixture was stirred at 60 °C for 5 h before being concentrated 

in vacuo togive crude product. Chromatographic purification (eluent PE/EA 3:1) gave product as a 

white solid. 

Compound 6: White solid; 116.7 mg, 97% yield; >20:1 dr, 98% ee; [α]D
20

 = -154.5 (c. 2.334, 

CHCl3); m.p. 199.8-200.7 °C; HPLC (IA-H, i-propanol/n-hexane = 10/90, flow rate = 1.0 mL/min, 
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 = 254 nm) tR = 21.8 min (minor), 29.5 min (major); 
1
H NMR (300 MHz, DMSO-d6) δ 3.06 (s, 

3H), 3.18 (d, J = 18.1 Hz, 1H), 3.32 (s, 3H), 3.88 (d, J = 8.8 Hz, 1H), 4.54 (d, J = 18.1 Hz, 1H), 

4.87 (dq, J = 18.1, 7.8 Hz, 1H), 5.09 (d, J = 11.0 Hz, 1H), 6.99 (d, J = 7.7 Hz, 2H), 7.10-7.19 (m, 

1H), 7.19-7.29 (m, 1H), 7.38 (t, J = 7.4 Hz, 2H), 7.46-7.57 (m, 3H), 7.59-7.65 (m, 1H), 7.73 (d, J 

= 7.2 Hz, 2H), 7.78 (d, J = 7.3 Hz, 1H); 
13

C NMR (75 MHz, DMSO-d6) δ 25.8, 47.1, 51.4, 60.7 (q, 

J = 29.2 Hz, 1C), 60.9, 73.5, 108.4, 120.8, 121.6, 121.8, 126.1, 126.3 126.4 (q, J = 279.0 Hz, 1C), 

127.4, 128.6, 128.9, 129.9, 130.0, 130.1, 133.2, 135.7, 139.0, 144.5, 170.4, 175.3, 194.4; HRMS 

(ESI-TOF) calcd. for C29H24BrF3N2NaO4 [M + Na]
+
 623.0764, found: 623.0786. 
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5. X-ray crystal structure of compound 3q 

 

 

Empirical formula C28H20BrF3N2O3 

Formula weight 688.74 

Temperature 100(2) K 

Wavelength 0.71073 Å 

Crystal system Orthorhombic 

Space group P212121 

Unit cell dimensions a = 12.0262(12) Å  

b = 13.8263(14) Å  

c = 17.0090(17) Å  

Volume 2828.2(5) Å3 

Z 4 

Density (calculated) 1.618 Mg/m3 

Absorption coefficient 1.792 mm-1 

F(000) 1384 

Crystal size 0.620 x 0.290 x 0.290 mm3 

Theta range for data collection 1.898 to 31.013°. 

Index ranges -17<=h<=17, -19<=k<=18, -24<=l<=24 

Reflections collected 31413 

Independent reflections 8298 [R(int) = 0.0349] 

Completeness to theta = 25.242° 100.0 % 

Absorption correction Semi-empirical from equivalents 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 8298 / 0 / 381 

Goodness-of-fit on F2 1.065 

Final R indices [I>2sigma(I)] R1 = 0.0359, wR2 = 0.0866 

R indices (all data) R1 = 0.0478, wR2 = 0.0902 

Absolute structure parameter 0.021(3) 

Extinction coefficient n/a 

Largest diff. peak and hole 0.734 d -0.601 e.Å-3 
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6. 
1
H, 

13
C NMR and HPLC spectra for compounds 3a-z and compounds 5, 6. 

1
H NMR, 

13
C NMR and HPLC of 3a 
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1
H NMR, 

13
C NMR and HPLC of 3b 
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1
H NMR, 

13
C NMR and HPLC of 3c 
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1
H NMR, 

13
C NMR and HPLC of 3d 
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1
H NMR, 

13
C NMR and HPLC of 3e 
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1
H NMR, 

13
C NMR and HPLC of 3f 

 

 



 

S22 
 

 

 

 

 

 



 

S23 
 

1
H NMR, 

13
C NMR and HPLC of 3g 

 



 

S24 
 

 



 

S25 
 

1
H NMR, 

13
C NMR and HPLC of 3h 

 

 

 



 

S26 
 

 

 

 

 



 

S27 
 

1
H NMR, 

13
C NMR and HPLC of 3i 

 

 

 

 

 

 



 

S28 
 

 

 

 



 

S29 
 

1
H NMR, 

13
C NMR and HPLC of 3j 

 

 

 

 



 

S30 
 

 

 

 

 



 

S31 
 

1
H NMR, 

13
C NMR and HPLC of 3k 

 

 

 

 



 

S32 
 

 

 



 

S33 
 

1
H NMR, 

13
C NMR and HPLC of 3l 

 



 

S34 
 

 

 

 

 

 

 



 

S35 
 

1
H NMR, 

13
C NMR and HPLC of 3m 

 

 

 

 



 

S36 
 

 

 
 



 

S37 
 

1
H NMR, 

13
C NMR and HPLC of 3n 

 

 

 

 

 



 

S38 
 

 

 

 

 

 



 

S39 
 

1
H NMR, 

13
C NMR and HPLC of 3o 

 

 



 

S40 
 

 

 

 



 

S41 
 

1
H NMR, 

13
C NMR and HPLC of 3p 

 

 

 

 



 

S42 
 

 

 

 

 

 

 



 

S43 
 

1
H NMR, 

13
C NMR and HPLC of 3q 

 

 



 

S44 
 

 

 

 

 



 

S45 
 

1
H NMR, 

13
C NMR and HPLC of 3r 

 



 

S46 
 

 

 
 

 



 

S47 
 

1
H NMR, 

13
C NMR and HPLC of 3s 

 

 

 

 



 

S48 
 

 

 

 

 

 



 

S49 
 

1
H NMR, 

13
C NMR and HPLC of 3t 

 

 

 



 

S50 
 

 

 

 

 



 

S51 
 

1
H NMR, 

13
C NMR and HPLC of 3u 

 

 



 

S52 
 

 

 

 

 



 

S53 
 

1
H NMR, 

13
C NMR and HPLC of 3v 

 

 



 

S54 
 

 

 

 



 

S55 
 

1
H NMR, 

13
C NMR and HPLC of 3w 

 

 

 



 

S56 
 

 

 
 



 

S57 
 

1
H NMR, 

13
C NMR and HPLC of 3x 

 

 

 

 

 



 

S58 
 

 

 

 

 



 

S59 
 

1
H NMR, 

13
C NMR and HPLC of 3y 

 

 

 



 

S60 
 

 

 

 

 



 

S61 
 

1
H NMR, 

13
C NMR and HPLC of 3z 

 

 

 

 



 

S62 
 

 

 

 

 

 



 

S63 
 

1
H NMR, 

13
C NMR and HPLC of 6 

 

 



 

S64 
 

 

 

 

 

 

 



 

S65 
 

1
H NMR, 

13
C NMR and HPLC of 4 

 

 



 

S66 
 

 

 


