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Table S1. Different ketone reagents used to generate compounds 10–37. 

 

 

aAll reagents used in this study are commercial reagents. 

 

  

No. reagents yield No. reagents yield 

10 3-Pentanone 93％ 24 2,5-Hexanedione 35.2％ 

11 Pinacolone 79.4％ 25 Acetylacetone 54.4％ 

12 Pinacolone 24.1％ 26 Acetylacetone 36.3％ 

13 Cyclohexyl methyl ketone 69.7％ 27 3-Pentanone 58.8％ 

14 Cyclohexyl methyl ketone 33.2％ 28 4'-Chloroacetophenone 54.5％ 

15 Acetophenone 63.7％ 29 2,5-Hexanedione 53.9％ 

16 Acetophenone 43.1％ 30 2,5-Hexanedione 32.3％ 

17 4-Fluoroacetophenone 64.8％ 31 Acetophenone 58.5％ 

18 4-Fluoroacetophenone 41.7％ 32 Acetophenone 37.6％ 

19 2'-Chloroacetophenone 65.4％ 33 2'-Chloroacetophenone 55.7％ 

20 2'-Chloroacetophenone 33.8％ 34 2'-Chloroacetophenone 31.9％ 

21 4'-Chloroacetophenone 56.6％ 35 Pinacolone 49.3％ 

22 4'-Chloroacetophenone 32.3％ 36 Cyclohexyl methyl ketone 62.5％ 

23 2,5-Hexanedione 52.8％ 37 Cyclohexyl methyl ketone 41.7％ 



Table S2. Key 13C NMR data (δ) for diastereoisomers.a 

 

compound 4' 5' 6' 

11 68.7, CH 82.9, CH 75.1, CH 

12 69.7, CH 80.8, CH  75.9, CH 

13 68.8, CH 82.1, CH  75.0, CH) 

14 69.4, CH 80.9, CH 75.5, CH 

15 69.1, CH 81.6, CH 76.5, CH 

16 69.4, CH 82.9, CH 75.7, CH 

17 69.0, CH 81.7, CH 76.5, CH 

18 69.2, CH 82.9, CH 75.8, CH 

19 69.0, CH 81.6, CH 76.3, CH 

20 69.2, CH 82.9, CH 75.5, CH 

21 69.0, CH 81.7, CH 76.5, CH 

22 69.2, CH  82.9, CH 75.9, CH 

23 68.8, CH 82.3, CH 75.4, CH 

24 69.0, CH 81.9, CH 77.4, CH 

25 68.6, CH 82.1, CH 75.5, CH 

26 69.1, CH 82.1, CH 76.0, CH 

29 68.2, CH 81.8, CH 75.6, CH 

30 68.5, CH 81.4, CH 75.9, CH 

31 68.4, CH 81.0, CH 76.6, CH 

32 68.8, CH 82.4, CH 75.9, CH 

33 68.3, CH 81.0, CH 76.4, CH 

34 68.6, CH 82.4, CH 75.7, CH 

36 68.2, CH 81.6, CH 75.2, CH 

37 68.8, CH 80.4, CH 75.8, CH 
a Solvent: CDCl3. 

 
 
 
 
 
 
 
 
 
 



 

 

Figure S1. 1H NMR (400 MHz, Chloroform-d) spectrum of compound 10. 

 

 

 

 

 

Figure S2. 13C NMR (100 MHz, Chloroform-d)  spectrum of compound 10. 

 



 
Figure S3. HR-ESI-MS spectrum of compound 10. 

 

 

 

 

 

 

 
 

Figure S4. 1H NMR (400 MHz, Chloroform-d)  spectrum of compound 11. 

 

 

1 #1292 RT: 17.52 AV: 1 NL: 3.25E3
T: FTMS + p ESI Full ms [180.00-1000.00]
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Figure S5. 13C NMR (100 MHz, Chloroform-d)  spectrum of compound 11. 

 

 

 

 
 

Figure S6. 1D NOE spectrum of compound 11 

 



 
 

Figure S7. HR-ESI-MS spectrum of compound 11. 

 

 
 
 
 
 
 

 
 

Figure S8. 1H NMR (400 MHz, Chloroform-d)  spectrum of compound 12. 

1 #1376 RT: 18.64 AV: 1 NL: 1.14E4
T: FTMS + p ESI Full ms [180.00-1000.00]
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Figure S9. 13C NMR (100 MHz, Chloroform-d)  spectrum of compound 12. 

 

 

 

 

 

 
Figure S10. 1D NOE spectrum of compound 12. 

 
 



 
Figure S11. HR-ESI-MS spectrum of compound 12. 

 

 
 
 
 
 
 
 

 
Figure S12. 1H NMR (400 MHz, Chloroform-d)  spectrum of compound 13. 

2 #1323 RT: 18.50 AV: 1 NL: 8.78E3
T: FTMS + p ESI Full ms [180.00-1000.00]
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Figure S13. 13C NMR (100 MHz, Chloroform-d)  spectrum of compound 13. 

 

 

 

 
Figure S14. 1D NOE spectrum of compound 13 



 
Figure S15. HR-ESI-MS spectrum of compound 13. 

 

 

 
 
 

 
 

 
 

Figure S16. 1H NMR (400 MHz, Chloroform-d)  spectrum of compound 14. 

1 #1459 RT: 19.80 AV: 1 NL: 3.88E3
T: FTMS + p ESI Full ms [180.00-1000.00]
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Figure S17. 13C NMR (100 MHz, Chloroform-d)  spectrum of compound 14. 

 

 

 

 

 
 

Figure S18. 1D NOE spectrum of compound 14 

 
 
 
 



 
 

Figure S19. HR-ESI-MS spectrum of compound 14. 

 

 
 
 
 
 
 
 
 

 
 

Figure S20. 1H NMR (400 MHz, Chloroform-d)  spectrum of compound 15. 

2 #1412 RT: 19.58 AV: 1 NL: 5.59E3
T: FTMS + p ESI Full ms [180.00-1000.00]
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Figure S21. 13C NMR (125MHz, Chloroform-d)  spectrum of compound 15. 

 

 

 

 

 
 

Figure S22. 1D NOE spectrum of compound 15 

 
 
 
 



 
Figure S23. HR-ESI-MS spectrum of compound 15. 

 

 
 
 
 
 

 
 

Figure S24. 1H NMR (400 MHz, Chloroform-d)  spectrum of compound 16. 

3 #1511 RT: 17.89 AV: 1 NL: 3.74E5
T: FTMS + p ESI Full ms [180.00-1000.00]
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Figure S25. 13C NMR (125 MHz, Chloroform-d)  spectrum of compound 16. 

 

 

 

 

Figure S26. 1D NOE spectrum of compound 16 



 
Figure S27. HR-ESI-MS spectrum of compound 16. 

 

 

 

 

 

 

 

 
 

Figure S28. 1H NMR (400 MHz, Chloroform-d)  spectrum of compound 17. 

4 #1443 RT: 19.17 AV: 1 NL: 7.69E3
T: FTMS + p ESI Full ms [180.00-1000.00]
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Figure S29. 13C NMR (100 MHz, Chloroform-d)  spectrum of compound 17. 

 

 

 

 

 

 
Figure S30. HR-ESI-MS spectrum of compound 17. 

 

 

 

 

4 #73 RT: 1.06 AV: 1 NL: 1.07E3
T: FTMS + p ESI Full ms [180.00-1000.00]
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Figure S31. 1H NMR (400 MHz, Chloroform-d)  spectrum of compound 18. 

 

 

 

 
 

Figure S32. 13C NMR (100 MHz, Chloroform-d)  spectrum of compound 18. 

 
 
 
 



 

 
 

 
 

Figure S33. HR-ESI-MS spectrum of compound 18. 

 

 
 
 
 
 
 
 

 
Figure S34. 1H NMR (400 MHz, Chloroform-d)  spectrum of compound 19. 

 
 
 
 
 
 
 
 

3 #355 RT: 5.30 AV: 1 NL: 6.61E2
T: FTMS + p ESI Full ms [180.00-1000.00]
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Figure S35. 13C NMR (100 MHz, Chloroform-d)  spectrum of compound 19. 

 

 

 

 

 

 

 

 
Figure S36. HR-ESI-MS spectrum of compound 19. 

 

 
 
 
 
 

4 #968 RT: 13.84 AV: 1 NL: 1.47E3
T: FTMS + p ESI Full ms [180.00-1000.00]

500 501 502 503 504 505 506 507 508 509 510 511

m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

501.1692

C 27 H30 O7 Cl = 501.1675

3.3951 ppm

503.1871

509.8701

508.2529

505.8593

508.8568

500.1609

510.9183



 

 
 

 
 

 
Figure S37. 1H NMR (400 MHz, Chloroform-d)  spectrum of compound 20. 

 

 

 

 

 
 

Figure S38. 13C NMR (100 MHz, Chloroform-d)  spectrum of compound 20. 

 

 

 



 

 
 
 
 
 
 

 
 

Figure S39. HR-ESI-MS spectrum of compound 20. 

 

 

 

 

 

 

 

 
Figure S40. 1H NMR (400 MHz, Chloroform-d)  spectrum of compound 21 

 
 
 
 

3 #479 RT: 7.15 AV: 1 NL: 8.33E2
T: FTMS + p ESI Full ms [180.00-1000.00]
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Figure S41. 13C NMR (100 MHz, Chloroform-d)  spectrum of compound 21. 

 
 
 
 
 
 

 
Figure S42. HR-ESI-MS spectrum of compound 21. 

 

 

1 #1070 RT: 14.70 AV: 1 NL: 3.11E3
T: FTMS + p ESI Full ms [180.00-1000.00]
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Figure S43. 1H NMR (400 MHz, Chloroform-d)  spectrum of compound 22. 

 

 

 

 

 

 

  
Figure S44. 13C NMR (100 MHz, Chloroform-d)  spectrum of compound 22. 

 

 

 



 

 
 
 
 
 
 

 
Figure S45. HR-ESI-MS spectrum of compound 22. 

 

     
 
 
 
 

 
Fgure S46. 1H NMR (400 MHz, Chloroform-d)  spectrum of compound 23. 

 
 
 
 
 
 
 

2 #1074 RT: 15.16 AV: 1 NL: 3.72E3
T: FTMS + p ESI Full ms [180.00-1000.00]
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Figure S47. 13C NMR (100 MHz, Chloroform-d)  spectrum of compound 23. 

   
 
 
 
 

 
Figure S48. 1D NOE spectrum of compound 23 

 
 
 



 

 
 
 
 
 
 
 

 
Figure S49. HR-ESI-MS spectrum of compound 23. 

 

 
 
 
 
 

 
Figure S50. 1H NMR (400 MHz, Chloroform-d)  spectrum of compound 24. 
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Figure S51. 13C NMR (100 MHz, Chloroform-d)  spectrum of compound 24. 

 
 
 

 
 

 
Figure S52. 1D NOE spectrum of compound 24 

 

 

 



 

 

 
 
 
 
 
 

 
Figure S53. HR-ESI-MS spectrum of compound 24. 

 

 

 

 

 

 

 

 
Figure S54. 1H NMR (400 MHz, Chloroform-d)  spectrum of compound 25. 

 
 
 
 

2 #1542 RT: 21.37 AV: 1 NL: 2.80E3
T: FTMS + p ESI Full ms [180.00-1000.00]
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Figure S55. 13C NMR (100 MHz, Chloroform-d)  spectrum of compound 25. 

 
 
 
 
 
 

 
Figure S56. 1D NOE spectrum of compound 25 
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Figure S57. HR-ESI-MS spectrum of compound 25. 

 

 
 
 
 
 

 
Figure S58. 1H NMR (400 MHz, Chloroform-d)  spectrum of compound 26. 

 

 

 

 
 
 
 
 

3 #1044 RT: 13.98 AV: 1 NL: 5.22E3
T: FTMS + p ESI Full ms [180.00-1000.00]
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Figure S59. 13C NMR (100 MHz, Chloroform-d)  spectrum of compound 26. 

 

 

 

 
 

 
Figure S60. 1D NOE spectrum of compound 26 

 

 
 



 

 
 
 
 
 
 
 

 
 

Figure S61. HR-ESI-MS spectrum of compound 26. 

 

 
 
 
 
 
 
 

 
Figure S62. 1H NMR (400 MHz, Chloroform-d)  spectrum of compound 27. 

 
 
 

4 #1030 RT: 14.80 AV: 1 NL: 8.59E3
T: FTMS + p ESI Full ms [180.00-1000.00]
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Figure S63. 13C NMR (100 MHz, Chloroform-d)  spectrum of compound 27. 

 
 
 
 
 
 

 
Figure S64. HR-ESI-MS spectrum of compound 27. 

 

 
 

 
 
 
 
 
 

5 #1228 RT: 16.97 AV: 1 NL: 3.10E3
T: FTMS + p ESI Full ms [180.00-1000.00]
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Figure S65. 1H NMR (400 MHz, Chloroform-d)  spectrum of compound 28. 

 

 

 

 

 

 
Figure S66. 13C NMR (100 MHz, Chloroform-d)  spectrum of compound 28. 

 
 



 

 
 
 

 
 

Figure S67. 1D NOE spectrum of compound 28 

 

 

 

 

 

 

 

 

 
Figure S68. HR-ESI-MS spectrum of compound 28. 

 

 
 

 
 
 
 
 

3 #1056 RT: 14.14 AV: 1 NL: 1.55E3
T: FTMS + p ESI Full ms [180.00-1000.00]
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Figure S69. 1H NMR (400 MHz, Chloroform-d)  spectrum of compound 29. 

 

 

 

 

 
Figure S70. 13C NMR (125 MHz, Chloroform-d)  spectrum of compound 29. 

 
 
 
 



 

 
 
 

 
Figure S71. 1D NOE spectrum of compound 29. 

 

 

 

 

 

 
Figure S72. HR-ESI-MS spectrum of compound 29. 

 

 
 

 
 
 
 
 
 
 
 
 

6 #1035 RT: 14.93 AV: 1 NL: 2.45E5
T: FTMS + p ESI Full ms [180.00-1000.00]
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Figure S73. 1H NMR (400 MHz, Chloroform-d)  spectrum of compound 30. 

 

 

 

 

 
Figure S74. 13C NMR (100 MHz, Chloroform-d)  spectrum of compound 30. 

 
 
 



 

 
 
 

 
 

Figure S75. 1D NOE spectrum of compound 30 

 
 
 
 
 
 

 
Figure S76. HR-ESI-MS spectrum of compound 30. 

 

 
 

 
 
 
 
 
 
 
 

5 #1073 RT: 15.20 AV: 1 NL: 2.05E4
T: FTMS + p ESI Full ms [180.00-1000.00]
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Figure S77. 1H NMR (400 MHz, Chloroform-d)  spectrum of compound 31. 

 

 

 

 

 
Figure S78. 13C NMR (100 MHz, Chloroform-d)  spectrum of compound 31. 

 
 
 
 



 

 
 
 

 
Figure S79. 1D NOE spectrum of compound 31 

 

 

 

 

 

 

 
Figure S80. HR-ESI-MS spectrum of compound 31. 

 

 
 

 
 
 
 
 
 
 
 

5 #1333 RT: 18.38 AV: 1 NL: 2.62E3
T: FTMS + p ESI Full ms [180.00-1000.00]
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Figure S81. 1H NMR (400 MHz, Chloroform-d)  spectrum of compound 32. 

 

 

 

 

 
Figure S82. 13C NMR (100 MHz, Chloroform-d)  spectrum of compound 32. 

 
 
 
 



 

 
 

 
Figure S83. HR-ESI-MS spectrum of compound 32. 

 

 

 

 

 

 

 

 
Figure S84. 1H NMR (400 MHz, Chloroform-d)  spectrum of compound 33. 

 
 
 
 
 
 
 
 
 

6 #1299 RT: 18.31 AV: 1 NL: 4.44E3
T: FTMS + p ESI Full ms [180.00-1000.00]

497.5 498.0 498.5 499.0 499.5 500.0 500.5 501.0 501.5 502.0

m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

498.8989

501.1662

C 27 H30 O7 Cl = 501.1675

-2.5115 ppm

499.1610

498.3356

502.1684



 

 
 

 
Figure S85. 13C NMR (100 MHz, Chloroform-d)  spectrum of compound 33. 

 

 

 

 

 

 
Figure S86. HR-ESI-MS spectrum of compound 33. 

 

 
 
 

 
 
 
 
 
 
 

5 #1140 RT: 15.97 AV: 1 NL: 5.12E4
T: FTMS + p ESI Full ms [180.00-1000.00]
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Figure S87. 1H NMR (400 MHz, Chloroform-d)  spectrum of compound 34. 

 

 

 

 

 
Figure S88. 13C NMR (100 MHz, Chloroform-d)  spectrum of compound 34. 

 
 
 
 
 



 

 
 

 
Figure S89. HR-ESI-MS spectrum of compound 34. 

 

 
 
 

 
Figure S90. 1H NMR (400 MHz, Chloroform-d)  spectrum of compound 35. 

 
 
 
 
 
 
 
 
 
 
 
 
 

6 #1032 RT: 14.90 AV: 1 NL: 1.37E4
T: FTMS + p ESI Full ms [180.00-1000.00]
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Figure S91. 13C NMR (100 MHz, Chloroform-d)  spectrum of compound 35. 

 

 

 

 

 

 

 

 
Figure S92. HR-ESI-MS spectrum of compound 35. 

 

 
 
 

 

 
 
 
 

5 #1416 RT: 19.46 AV: 1 NL: 2.57E3
T: FTMS + p ESI Full ms [180.00-1000.00]
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Figure S93. 1H NMR (400 MHz, Chloroform-d)  spectrum of compound 36. 

 

 

 

 

 
Figure S94. 13C NMR (100 MHz, Chloroform-d)  spectrum of compound 36. 

 
 
 
 
 
 
 
 



 

 

 
Figure S95. HR-ESI-MS spectrum of compound 36. 

 

 
 
 
 

 

 
Figure S96. 1H NMR (400 MHz, Chloroform-d)  spectrum of compound 37. 

 

 

 
 
 
 
 
 
 
 
 
 

6 #1412 RT: 19.92 AV: 1 NL: 1.82E3
T: FTMS + p ESI Full ms [180.00-1000.00]
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Figure S97. 13C NMR (100 MHz, Chloroform-d)  spectrum of compound 37. 

 

 

 

 

 
Figure S98. HR-ESI-MS spectrum of compound 37. 
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5 #566 RT: 8.12 AV: 1 NL: 1.27E3
T: FTMS + p ESI Full ms [180.00-1000.00]
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