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1. Experimental Section 
Computational details for ECD spectra of compounds 2 and 7. 

Based on the known relative configuration, 2-A (3S, 5S, 9R, 10R, 11R, 12S, 13R), 

2-B (3R, 5R, 9S, 10S, 11S, 12R, 13S), 7-(2R, 3S, 5S, 9R, 10R, 11R, 13R) were 

employed for the conformational random search using the Charmm force field in the 

Best module of Discovery studio 2.5.5 (Accelrys, San Diego, CA, 2009) software 

package. The conformational search results with an energy cut off of 17 kJ/mol 

(approximately 4 kcal/mol) was selected to further geometry optimization and ECD 

calculation. As a result, the conformer structures 2a-2b of compound 2 and the 

conformer structures 7a-7e of compound 7 were built, as shown in Figures S1 and S3. 

  The geometry of the molecules was optimized with Gaussian 09 package at 

B3LYP/6-31G(d) computational level. The minimum nature of the structure was 

confirmed by frequency calculations at the same computational level.   

Then quantum chemical theoretical calculations (Diedrich and Grimme, 2003) for 

ECD were carried out in methanol using time-dependent density functional theory 

(TDDFT) with B3LYP functional and dgdzvp forcefield basis set with 60 electronic 

transitions. The energies, oscillator strengths, and rotational strengths of the electronic 

excitations of all the conformers were calculated using the TDDFT method at the 

B3LYP/dgdzvp level. 

Based on the relativity energy, boltzmann weighted average of the different low 

energy conformations was calculated for compounds 2 and 7. The ECD for each 

molecule is calculated based on boltzmann weighted average of the conformations 

search results. 

The conformational geometries optimization of conformers of compound 2 at the 

B3LYP/6-31G(d) level afforded one conformer accounting for more than 99% 

(conformer 2a), as shown in Figure S1. Thus, the calculated ECD curve of 2 is the 

same as that of conformer 2a, as shown in Figure S2. 
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Figure S1. Two lowest energy conformers of compound 2 with (3S, 5S, 9R, 10R, 11R, 12S, 13R) 
configuration. 
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Figure S2. Comparison of the computed ECD spectra for 2 and the two energy lowest conformers 
(2a–2b) with (3S, 5S, 9R, 10R, 11R, 12S, 13R) configuration. The calculations were performed 
with TDDFT method at the B3LYP/dgdzvp level (solvent: MeOH). 
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Figure S3. Five lowest energy conformers of compound 7 with (2R, 3S, 5S, 9R, 10R, 11R, 13R) 

configuration. 
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Figure S4: Comparison of the computed ECD spectra for 7 and the five energy lowest conformers 
(7a–7e) with (2R, 3S, 5S, 9R, 10R, 11R, 13R) configuration. The calculations were performed with 
TDDFT method at the B3LYP/dgdzvp level (solvent: MeOH). 
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2. Crystal Data and Structure Refinement for Compounds 1, 2, and 7 
Table SI1 Crystal data and structure refinement for compound 1 
Identification code Compound 1 
Empirical formula C20H30O4, H2O 
Formula weight 352.46 
Temperature/K 290.2(2) 
Crystal system monoclinic 
Space group P21 
a/Å 6.3769(3) 
b/Å 13.3424(6) 
c/Å 11.4964(5) 
α/° 90.00 
β/° 100.294(5) 
γ/° 90.00 
Volume/Å3 962.40(7) 
Z 2 
ρcalcg/cm3 1.216 
µ/mm-1 0.694 
F(000) 384.0 
Crystal size/mm3 0.1 × 0.05 × 0.04 
Radiation CuKα (λ = 1.54184) 
2Θ range for data collection/° 7.82 to 139.8 
Index ranges -5 ≤ h ≤ 7, -15 ≤ k ≤ 16, -13 ≤ l ≤ 13 
Reflections collected 5682 
Independent reflections 3390 [Rint = 0.0269, Rsigma = 0.0385] 
Data/restraints/parameters 3390/4/258 
Goodness-of-fit on F2 1.022 
Final R indexes [I>=2σ (I)] R1 = 0.0380, wR2 = 0.0938 
Final R indexes [all data] R1 = 0.0468, wR2 = 0.0991 
Largest diff. peak/hole / e Å-3 0.19/-0.14 
Flack parameter 0.0(2) 
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Table SI2 Crystal data and structure refinement for compound 2. 
Identification code Compound 2 
Empirical formula C20H30O4, H2O 
Formula weight 352.45 
Temperature/K 296.56(10) 
Crystal system monoclinic 
Space group P21 
a/Å 11.0078(9) 
b/Å 6.8749(8) 
c/Å 12.6547(12) 
α/° 90 
β/° 98.677(8) 
γ/° 90 
Volume/Å3 946.72(16) 
Z 2 
ρcalcg/cm3 1.236 
µ/mm-1 0.087 
F(000) 384.0 
Crystal size/mm3 0.22 × 0.15 × 0.14 
Radiation MoKα (λ = 0.71073) 
2Θ range for data collection/° 6.514 to 52.014 
Index ranges -13 ≤ h ≤ 13, -7 ≤ k ≤ 8, -15 ≤ l ≤ 14 
Reflections collected 3645 
Independent reflections 2594 [Rint = 0.0441, Rsigma = 0.1019] 
Data/restraints/parameters 2594/1/239 
Goodness-of-fit on F2 1.002 
Final R indexes [I>=2σ (I)] R1 = 0.0631, wR2 = 0.1134 
Final R indexes [all data] R1 = 0.1126, wR2 = 0.1435 
Largest diff. peak/hole / e Å-3 0.26/-0.27 
Flack parameter -3.1(10) 
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Table SI3 Crystal data and structure refinement for compound 7. 

Identification code Compound 7 
Empirical formula C20H30O4, 0.75(H2O) 
Formula weight 347.95 
Temperature/K 291.9(9) 
Crystal system orthorhombic 
Space group P22121 
a/Å 6.16925(15) 
b/Å 23.4813(6) 
c/Å 26.4016(7) 
α/° 90.00 
β/° 90.00 
γ/° 90.00 
Volume/Å3 3824.58(17) 
Z 8 
ρcalcg/cm3 1.209 
µ/mm-1 0.682 
F(000) 1516.0 
Crystal size/mm3 0.16 × 0.03 × 0.02 
Radiation CuKα (λ = 1.54184) 
2Θ range for data collection/° 7.52 to 139.5 
Index ranges -5 ≤ h ≤ 7, -27 ≤ k ≤ 28, -31 ≤ l ≤ 32 
Reflections collected 13072 
Independent reflections 6954 [Rint = 0.0248, Rsigma = 0.0380] 
Data/restraints/parameters 6954/12/500 
Goodness-of-fit on F2 1.037 
Final R indexes [I>=2σ (I)] R1 = 0.0381, wR2 = 0.0943 
Final R indexes [all data] R1 = 0.0441, wR2 = 0.1001 
Largest diff. peak/hole / e Å-3 0.12/-0.13 
Flack parameter 0.23(16) 
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3. 1D and 2D NMR, HRESIMS, IR, UV, and ECD Data of Compounds 1–10 
and 14–16 
 
Figure SI1. 1H NMR spectrum of compound 1 (CDCl3) 

 
Figure SI2. 13C NMR spectrum of compound 1 (CDCl3) 
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Figure SI3. DEPT spectrum of compound 1 (CDCl3) 

 
Figure SI4. 1H–1H COSY spectrum of compound 1 (CDCl3) 
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Figure SI5. HSQC spectrum of compound 1 (CDCl3)  

 
Figure SI6. HMBC spectrum of compound 1 (CDCl3) 
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Figure SI7. NOESY spectrum of compound 1 (CDCl3) 

 
 
Figure SI8. HRESIMS spectrum of compound 1 (CDCl3) 
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Figure SI9. IR spectrum of compound 1 (CDCl3) 

 
 
Figure SI10. 1H NMR spectrum of compound 2 (CDCl3) 
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Figure SI11. 13C NMR spectrum of compound 2 (CDCl3) 

 
 
Figure SI12. DEPT spectrum of compound 2 (CDCl3) 
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Figure SI13. 1H–1H COSY spectrum of compound 2 (CDCl3) 

 
 
Figure SI14. HSQC spectrum of compound 2 (CDCl3)  
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Figure SI15. HMBC spectrum of compound 2 (CDCl3) 

 
 
Figure SI16. NOESY spectrum of compound 2 (CDCl3) 
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Figure SI17. HRESIMS spectrum of compound 2 (CDCl3) 

 
 
Figure SI18. IR spectrum of compound 2 (CDCl3)
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Figure SI19. 1H NMR spectrum of compound 3 (CDCl3) 

 
Figure SI20. 13C NMR spectrum of compound 3 (CDCl3) 
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Figure SI21. DEPT spectrum of compound 3 (CDCl3) 

 
 
Figure SI22. 1H–1H COSY spectrum of compound 3 (CDCl3) 
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Figure SI23. HSQC spectrum of compound 3 (CDCl3)  

 
 
Figure SI24. HMBC spectrum of compound 3 (CDCl3) 
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Figure SI25. NOESY spectrum of compound 3 (CDCl3) 

 
 
Figure SI26. HRESIMS spectrum of compound 3 (CDCl3) 
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Figure SI27. IR spectrum of compound 3 (CDCl3) 

 
 
Figure SI28. 1H NMR spectrum of compound 4 (CDCl3) 
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Figure SI29. 13C NMR spectrum of compound 4 (CDCl3) 

 
 
Figure SI30. DEPT spectrum of compound 4 (CDCl3) 
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Figure SI31. 1H–1H COSY spectrum of compound 4 (CDCl3) 

 
 
Figure SI32. HSQC spectrum of compound 4 (CDCl3)  
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Figure SI33. HMBC spectrum of compound 4 (CDCl3) 

 
Figure SI34. NOESY spectrum of compound 4 (CDCl3) 
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Figure SI35. HRESIMS spectrum of compound 4 (CDCl3) 

 
Figure SI36. IR spectrum of compound 4 (CDCl3) 
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Figure SI37. 1H NMR spectrum of compound 5 (CDCl3) 

 
 
Figure SI38. 13C NMR spectrum of compound 5 (CDCl3) 
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Figure SI39. DEPT spectrum of compound 5 (CDCl3) 

 
 
Figure SI40. 1H–1H COSY spectrum of compound 5 (CDCl3) 
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Figure SI41. HSQC spectrum of compound 5 (CDCl3)  

 
 
Figure SI42. HMBC spectrum of compound 5 (CDCl3) 
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Figure SI43. NOESY spectrum of compound 5 (CDCl3) 

 
 
Figure SI44. HRESIMS spectrum of compound 5 (CDCl3) 
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Figure SI45. IR spectrum of compound 5 (CDCl3) 

 
Figure SI46. 1H NMR spectrum of compound 6 (CDCl3) 
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Figure SI47. 13C NMR spectrum of compound 6 (CDCl3) 

 
 
Figure SI48. DEPT spectrum of compound 6 (CDCl3) 
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Figure SI49. 1H–1H COSY spectrum of compound 6 (CDCl3) 

 
 
Figure SI50. HSQC spectrum of compound 6 (CDCl3)  
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Figure SI51. HMBC spectrum of compound 6 (CDCl3) 

 
 
Figure SI52. NOESY spectrum of compound 6 (CDCl3) 
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Figure SI53. HRESIMS spectrum of compound 6 (CDCl3) 
 

 
Figure SI54. IR spectrum of compound 6 (CDCl3) 
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Figure SI55. 1H NMR spectrum of compound 7 (CDCl3) 

 
 
Figure SI56. 13C NMR spectrum of compound 7 (CDCl3) 
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Figure SI57. DEPT spectrum of compound 7 (CDCl3) 

 
 
Figure SI58. 1H–1H COSY spectrum of compound 7 (CDCl3) 
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Figure SI59. HSQC spectrum of compound 7 (CDCl3)  

 
 
Figure SI60. HMBC spectrum of compound 7 (CDCl3) 
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Figure SI61. NOESY spectrum of compound 7 (CDCl3) 

 
 
Figure SI62. HRESIMS spectrum of compound 7 (CDCl3) 

 
  

I:\高分辨\weiwenjun-2_eh-5-18 170829102756 2017/8/30 10:43:04 eh-5-18
error=1.96

200 250 300 350 400 450 500
m/z

0

10

20

30

40

50

60

70

80

90

100
0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e 
A

bu
nd

an
ce

357.2043

279.1597
335.2224 391.1524

299.2012
373.1783 430.8890205.0863 462.1473 521.3035253.1956 503.1083

357.2036

NL:
6.54E5
weiwenjun-2_eh-5-18 
170829102756#1  RT: 
0.00  AV: 1 T: FTMS + p 
ESI Full ms 
[150.00-2000.00] 

NL:
7.96E5
C 20 H30 O4 +Na: 
C 20 H30 O4 Na 1
pa Chrg 1



45 
 

Figure SI63. IR spectrum of compound 7 (CDCl3) 

 
 
Figure SI64. 1H NMR spectrum of compound 8 (CDCl3) 
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Figure SI65. 13C NMR spectrum of compound 8 (CDCl3) 

 
 
Figure SI66. DEPT spectrum of compound 8 (CDCl3) 

 
 
  



47 
 

Figure SI67. 1H–1H COSY spectrum of compound 8 (CDCl3) 

 
Figure SI68. HSQC spectrum of compound 8 (CDCl3)  
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Figure SI69. HMBC spectrum of compound 8 (CDCl3) 

 
Figure SI70. NOESY spectrum of compound 8 (CDCl3) 
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Figure SI71. HRESIMS spectrum of compound 8 (CDCl3) 

 
Figure SI72. IR spectrum of compound 8 (CDCl3) 
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Figure SI73. 1H NMR spectrum of compound 9 (CDCl3) 

 
 
Figure SI74. 13C NMR spectrum of compound 9 (CDCl3) 
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Figure SI75. DEPT spectrum of compound 9 (CDCl3) 

 
Figure SI76. 1H–1H COSY spectrum of compound 9 (CDCl3) 
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Figure SI77. HSQC spectrum of compound 9 (CDCl3)  

 
Figure SI78. HMBC spectrum of compound 9 (CDCl3) 
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Figure SI79. NOESY spectrum of compound 9 (CDCl3) 

 
Figure SI80. HRESIMS spectrum of compound 9 (CDCl3) 
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Figure SI81. IR spectrum of compound 9 (CDCl3) 

 
Figure SI82. 1H NMR spectrum of compound 10 (CDCl3) 
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Figure SI83. 13C NMR spectrum of compound 10 (CDCl3) 

 
Figure SI84. DEPT spectrum of compound 10 (CDCl3) 
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Figure SI85. 1H–1H COSY spectrum of compound 10 (CDCl3) 

 
Figure SI86. HSQC spectrum of compound 10 (CDCl3)  
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Figure SI87. HMBC spectrum of compound 10 (CDCl3) 

 
Figure SI88. NOESY spectrum of compound 10 (CDCl3) 
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Figure SI89. HRESIMS spectrum of compound 10 (CDCl3) 

 
Figure SI90. IR spectrum of compound 10 (CDCl3) 
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Figure SI91. 1H NMR spectrum of compound 14 (CDCl3) 

 
Figure SI92. 13C NMR spectrum of compound 14 (CDCl3) 
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Figure SI93. DEPT spectrum of compound 14 (CDCl3) 

 
 
Figure SI94. 1H–1H COSY spectrum of compound 14 (CDCl3) 
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Figure SI95. HSQC spectrum of compound 14 (CDCl3)  

 
Figure SI96. HMBC spectrum of compound 14 (CDCl3) 
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Figure SI97. NOESY spectrum of compound 14 (CDCl3) 

 
Figure SI98. HRESIMS spectrum of compound 14 (CDCl3) 
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Figure SI99. IR spectrum of compound 14 (CDCl3) 

 
Figure SI100. 1H NMR spectrum of compound 15 (CDCl3) 
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Figure SI101. 13C NMR spectrum of compound 15 (CDCl3) 

 
Figure SI102. DEPT spectrum of compound 15 (CDCl3) 
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Figure SI103. 1H–1H COSY spectrum of compound 15 (CDCl3) 

 
Figure SI104. HSQC spectrum of compound 15 (CDCl3)  
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Figure SI105. HMBC spectrum of compound 15 (CDCl3) 

 
Figure SI106. NOESY spectrum of compound 15 (CDCl3) 

 
  



67 
 

Figure SI107. HRESIMS spectrum of compound 15 (CDCl3) 

 
Figure SI108. IR spectrum of compound 15 (CDCl3) 
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Figure SI109. 1H NMR spectrum of compound 16 (CDCl3) 

 
Figure SI110. 13C NMR spectrum of compound 16 (CDCl3) 
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Figure SI111. DEPT spectrum of compound 16 (CDCl3) 

 
Figure SI112. 1H–1H COSY spectrum of compound 16 (CDCl3) 
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Figure SI113. HSQC spectrum of compound 16 (CDCl3)  

 
Figure SI114. HMBC spectrum of compound 16 (CDCl3) 
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Figure SI115. NOESY spectrum of compound 16 (CDCl3) 

 
Figure SI116. HRESIMS spectrum of compound 16 (CDCl3) 
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Figure SI117. IR spectrum of compound 16 (CDCl3) 

 
Figure SI118. UV and ECD spectra of compounds 1−6 and 8  
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Figure SI119. UV and ECD spectra of compounds 7, 9, and 10 

 
Figure SI120. UV and ECD spectra of compounds 14−16 

 


