
Electronic Supplementary information (ESI) for RSC Advances. 

This journal is © The Royal Society of Chemistry 2022 

 

Electronic supplementary information 

 

Altereporenes A-E, five epoxy octa-hydronaphthalene polyketides 

produced by an endophytic fungus Alternaria sp. YUD20002 

 

Dan-Dan Xiaa, Hao-Jie Duana, Fei Xiea, Tian-Peng Xiea, Yan Zhanga, Yue Suna, 

Jian-Mei Lua, Yu-Hong Gaoc, Hao Zhoua,*, Zhong-Tao Dinga,b,* 

 

a Key Laboratory of Functional Molecules Analysis and Biotransformation of Universities in 

Yunnan Province, School of Chemical Science and Technology, Yunnan University, Kunming, 

650091, China 

b College of Pharmacy, Dali University, Dali, 671000, China 

c The First People's Hospital of Yunnan Province, Kunming 650034, China 

 

 

 

 

 

Corresponding Authors   

*E-mail: haozhou@ynu.edu.cn (H. Zhou).  

*E-mail: ztding@ynu.edu.cn (Z.-T. Ding). 

 

Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2022



contents 

Table S1. Inhibitory activities of 1-5 on AchE ......................................................................... 1 

Table S2. Inhibitory activities of 1-5 on NO production .......................................................... 1 

Table S3. Inhibitory activities of 1-5 was tested at 40 µM against five human cancer cell lines

 ................................................................................................................................................... 1 

Table S4. Optimized Cartesian coordinates (in Å), thermal correction to Gibbs Free Energy 

and thermal correction to Gibbs Free Energy for studied compound 1-5 at the B3LYP/6-31g 

(d, p) level of theory in the methanol ........................................................................................ 2 

Figure S1. HRESIMS spectrum of compound 1 ...................................................................... 9 

Figure S2. UV-vis spectrum of compound 1 in MeOH ............................................................ 9 

Figure S3. Experimental and calculated ECD spectra of compound 1 ................................... 10 

Figure S4. The computed IR spectrum of compound 1 at B3LYP/6-31g (d, p) level in 

methanol1 ................................................................................................................................. 10 

Figure S5. 1H NMR spectrum of compound 1 in methanol-d4 (400 MHz) ............................ 11 

Figure S6. 13C NMR and DEPT spectra of compound 1 in methanol-d4 (100 MHz) ............. 11 

Figure S7. HSQC spectrum of compound 1 in methanol-d4 (1H-400 MHz) .......................... 12 

Figure S8. 1H-1H COSY spectrum of compound 1 in methanol-d4 (400 MHz) ..................... 12 

Figure S9. HMBC spectrum of compound 1 in methanol-d4 (400 MHz) ............................... 13 

Figure S10. NOESY spectrum of compound 1 in methanol-d4 (400 MHz) ........................... 13 

Figure S11. HRESIMS spectrum of compound 2 .................................................................. 14 

Figure S12. UV-vis spectrum of compound 2 in MeOH ........................................................ 14 

Figure S13. Experimental and calculated ECD spectra of compound 2 ................................. 15 

Figure S14. The computed IR spectrum of compound 2 at B3LYP/6-31g (d, p) level in 

methanol .................................................................................................................................. 15 

Figure S15. 1H NMR spectrum of compound 2 in methanol-d4 (400 MHz) .......................... 16 

Figure S16. 13C NMR and DEPT spectra of compound 2 in methanol-d4 (100 MHz) ........... 16 

Figure S17. HSQC spectrum of compound 2 in methanol-d4 (1H-400 MHz) ........................ 17 

Figure S18. 1H-1H COSY spectrum of compound 2 in methanol-d4 (400 MHz) ................... 17 

Figure S19. HMBC spectrum of compound 2 in methanol-d4 (400 MHz) ............................. 18 

Figure S20. NOESY spectrum of compound 2 in methanol-d4 (400 MHz) ........................... 18 

Figure S21. HRESIMS spectrum of compound 3 .................................................................. 19 



Figure S22. UV-vis spectrum of compound 3 in MeOH ........................................................ 19 

Figure S23. Experimental and calculated ECD spectra of compound 3 ................................. 20 

Figure S24. The computed IR spectrum of compound 3 at B3LYP/6-31g (d, p) level in 

methanol .................................................................................................................................. 20 

Figure S25. 1H NMR spectrum of compound 3 in methanol-d4 (400 MHz) .......................... 21 

Figure S26. 13C NMR and DEPT spectra of compound 3 in methanol-d4 (100 MHz) ........... 21 

Figure S27. HSQC spectrum of compound 3 in methanol-d4 (1H-400 MHz) ........................ 22 

Figure S28. 1H-1H COSY spectrum of compound 3 in methanol-d4 (400 MHz) ................... 22 

Figure S29. HMBC spectrum of compound 3 in methanol-d4 (400 MHz) ............................. 23 

Figure S30. NOESY spectrum of compound 3 in methanol-d4 (400 MHz) ........................... 23 

Figure S31. HRESIMS spectrum of compound 4 .................................................................. 24 

Figure S32. UV-vis spectrum of compound 4 in MeOH ........................................................ 24 

Figure S33. Experimental and calculated ECD spectra of compound 4 ................................. 25 

Figure S34. The computed IR spectrum of compound 4 at B3LYP/6-31g (d, p) level in 

methanol .................................................................................................................................. 25 

Figure S35. 1H NMR spectrum of compound 4 in methanol-d4 (400 MHz) .......................... 26 

Figure S36. 13C NMR and DEPT spectra of compound 4 in methanol-d4 (100 MHz) ........... 26 

Figure S37. HSQC spectrum of compound 4 in methanol-d4 (1H-400 MHz) ........................ 27 

Figure S38. 1H-1H COSY spectrum of compound 4 in methanol-d4 (400 MHz) ................... 27 

Figure S39. HMBC spectrum of compound 4 in methanol-d4 (400 MHz) ............................. 28 

Figure S40. NOESY spectrum of compound 4 in methanol-d4 (400 MHz) ........................... 28 

Figure S41. HRESIMS spectrum of compound 5 .................................................................. 29 

Figure S42. UV-vis spectrum of compound 5 in MeOH ........................................................ 29 

Figure S43. Experimental and calculated ECD spectra of compound 5 ................................. 30 

Figure S44. The computed IR spectrum of compound 5 at B3LYP/6-31g (d, p) level in 

methanol .................................................................................................................................. 30 

Figure S45. 1H NMR spectrum of compound 5 in methanol-d4 (400 MHz) .......................... 31 

Figure S46. 13C NMR and DEPT spectra of compound 5 in methanol-d4 (100 MHz) ........... 31 

Figure S47. HSQC spectrum of compound 5 in methanol-d4 (1H-400 MHz) ........................ 32 

Figure S48. 1H-1H COSY spectrum of compound 5 in methanol-d4 (400 MHz) ................... 32 

Figure S49. HMBC spectrum of compound 5 in methanol-d4 (400 MHz) ............................. 33 



Figure S50. NOESY spectrum of compound 5 in methanol-d4 (400 MHz) ........................... 33 

Figure S51. The optimized conformation and Gibbs free energy of compound 1-5 at 

B3LYP/6-31g (d, p) level in methanol .................................................................................... 34 

Figure S52. The thermodynamic date of optimized conformation of compound 1-5 at 

B3LYP/6-31g (d, p) level in methanol .................................................................................... 34 

Figure S53. Calculated values of optical rotations of compounds 1-5 ................................... 35 

 

 



1 

 

Table S1. Inhibitory activities of 1-5 on AchE 

compound Inhibitation(%)a 

1 1.47 

2 6.89 

3 9.93 

4 0.73 

5 10.51 

tacrineb 61.43 

aTested at 50 μM; bPositive control. 

 

Table S2. Inhibitory activities of 1-5 on NO production 

compound Inhibitation(%)a 

1 20.30  2.79 

2 19.85  2.15 

3 6.98  0.83 

4 29.22  3.01 

5 11.96  2.42 

L-NMMAb 57.42  1.41 

aTested at 50 μM; bPositive control. 

 

 

Table S3. Inhibitory activities of 1-5 was tested at 40 µM against five human cancer 

cell lines 

compound Inhibitation(%)a 

HL-60 A-549 SMMC-7721 MDA-MB-231 SW480 

1 3.82 5.84 18.35 1.93 0.99 

2 0.57 2.66 17.67 12.97 8.05 

3 3.60 3.18 3.01 8.98 9.91 

4 2.64 8.14 25.22 8.97 7.56 

5 2.44 0.39 11.46 10.93 6.85 

DDPb 78.45 71.66 77.57 61.14 57.61 

aTested at 40 μM; bPositive control. 
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Table S4. Optimized Cartesian coordinates (in Å), thermal correction to Gibbs Free 

Energy and thermal correction to Gibbs Free Energy for studied compound 1-5 at the 

B3LYP/6-31g (d, p) level of theory in the methanol 

 

1 

B3LYP/6-31G(d, p) (0 imaginary Frequencies, solvent=methanol, thermal 

correction to Gibbs Free Energy= -1197.222070, thermal correction to Gibbs 

Free Energy= 0.471830) 

 C -0.78330000 0.17180000 -0.51210000 

 C -0.99150000 1.73060000 -0.71280000 

 C -2.36010000 2.02390000 -1.29980000 

 C -3.47180000 1.01140000 -1.27580000 

 C -3.27310000 -0.37190000 -0.72060000 

 C -2.01420000 -0.48710000 0.17590000 

 C -4.51890000 -0.82590000 0.07010000 

 C -4.31320000 -2.11390000 0.82710000 

 C -3.08580000 -2.63320000 1.01020000 

 C -1.81620000 -1.97630000 0.55240000 

 O -2.69380000 1.25850000 -2.46590000 

 C 0.50700000 -0.15690000 0.22960000 

 C 1.57450000 -0.73280000 -0.34660000 

 C 2.78660000 -1.02690000 0.38320000 

 C 3.88920000 -1.63920000 -0.09360000 

 C 5.09260000 -1.83770000 0.81220000 

 C 6.33510000 -1.04740000 0.39460000 

 C 4.04940000 -2.19320000 -1.48610000 

 C 6.11550000 0.45970000 0.38160000 

 O 7.35380000 1.09800000 0.09240000 

 C -0.71700000 2.57570000 0.55760000 

 C -1.67160000 2.79910000 1.49000000 

 C 0.67070000 3.16880000 0.66810000 

 C -1.57900000 3.64110000 2.72440000 

 C -5.55220000 -2.79040000 1.33590000 

 O -1.35310000 -2.73980000 -0.55300000 

 O -0.05800000 2.16290000 -1.71920000 

 H -0.69740000 -0.27290000 -1.51570000 

 H -2.59780000 3.07970000 -1.33120000 

 H -4.49940000 1.34920000 -1.29850000 

 H -3.16000000 -1.05140000 -1.57800000 

 H -2.21120000 0.05090000 1.11330000 

 H -4.81670000 -0.04640000 0.78370000 

 H -5.35260000 -0.94360000 -0.63410000 

 H -2.96750000 -3.58680000 1.51900000 

 H -1.08470000 -2.06360000 1.36470000 
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 H 0.53590000 0.10670000 1.28580000 

 H 1.53940000 -0.96730000 -1.40660000 

 H 2.79290000 -0.69010000 1.42050000 

 H 4.84350000 -1.57310000 1.84820000 

 H 5.34090000 -2.90650000 0.83410000 

 H 7.15440000 -1.28320000 1.08610000 

 H 6.68950000 -1.37340000 -0.59120000 

 H 3.10990000 -2.25980000 -2.03910000 

 H 4.73720000 -1.57050000 -2.06660000 

 H 4.45660000 -3.20930000 -1.44300000 

 H 5.39350000 0.75150000 -0.38700000 

 H 5.76430000 0.81310000 1.35620000 

 H 7.17520000 2.05300000 0.04740000 

 H -2.65390000 2.34820000 1.35990000 

 H 1.43970000 2.44620000 0.38000000 

 H 0.75910000 4.04210000 0.01370000 

 H 0.92270000 3.47880000 1.68530000 

 H -0.70490000 4.29470000 2.74650000 

 H -2.46150000 4.28630000 2.78920000 

 H -1.56160000 3.00060000 3.61130000 

 H -6.09250000 -2.12630000 2.01820000 

 H -6.21440000 -3.04820000 0.50320000 

 H -5.32390000 -3.71320000 1.87940000 

 H -0.38700000 -2.63350000 -0.58450000 

 H -0.37140000 1.77710000 -2.55740000 

2 

B3LYP/6-31g (d, p) (0 imaginary Frequencies, solvent=methanol, thermal 

correction to Gibbs Free Energy= -1251.402930, thermal correction to Gibbs 

Free Energy= 0.465585) 

 C 1.04580000 -0.61490000 -0.54820000 

 C 2.51460000 -1.20410000 -0.63070000 

 C 3.47820000 -0.18200000 -1.20740000 

 C 3.14540000 1.28370000 -1.26370000 

 C 1.81190000 1.81270000 -0.81240000 

 C 1.03650000 0.81120000 0.07840000 

 C 1.98120000 3.15170000 -0.06180000 

 C 0.72030000 3.63110000 0.61480000 

 C -0.34690000 2.82570000 0.76380000 

 C -0.37890000 1.38490000 0.33770000 

 O 3.05150000 0.43710000 -2.42870000 

 C 0.07750000 -1.53900000 0.17950000 

 C -0.96460000 -2.14230000 -0.41620000 

 C -1.99500000 -2.96110000 0.30860000 

 C -3.36150000 -2.30990000 0.19970000 

 C -3.66890000 -1.25770000 0.98620000 
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 C -4.91620000 -0.42490000 0.97380000 

 C -4.25630000 -2.88370000 -0.86320000 

 C -4.67520000 0.83090000 0.14600000 

 N -5.61490000 1.09430000 -0.80740000 

 C 3.03730000 -1.79570000 0.70500000 

 C 3.64830000 -1.03050000 1.63870000 

 C 2.85530000 -3.28740000 0.88000000 

 C 4.25750000 -1.46490000 2.93500000 

 C 0.72010000 5.05480000 1.08760000 

 O -1.17970000 1.31880000 -0.83450000 

 O 2.50390000 -2.27730000 -1.59020000 

 O -3.71180000 1.58010000 0.29270000 

 H 1.53920000 0.75820000 1.05400000 

 H 0.67970000 -0.51580000 -1.58170000 

 H 1.22100000 2.01410000 -1.71780000 

 H 4.51350000 -0.49500000 -1.16200000 

 H 3.94600000 2.01120000 -1.26560000 

 H 2.76820000 3.05870000 0.69830000 

 H 2.32340000 3.90980000 -0.77800000 

 H -1.25980000 3.20340000 1.21900000 

 H -0.86850000 0.80130000 1.12580000 

 H 0.22860000 -1.66350000 1.24980000 

 H -1.12200000 -2.00340000 -1.48410000 

 H -2.01730000 -3.97260000 -0.11400000 

 H -1.72750000 -3.08330000 1.36610000 

 H -2.91500000 -0.91100000 1.69460000 

 H -5.77980000 -0.98070000 0.59850000 

 H -5.16320000 -0.11490000 1.99530000 

 H -3.74560000 -2.87740000 -1.83190000 

 H -4.51600000 -3.91840000 -0.61650000 

 H -5.18850000 -2.32820000 -0.98900000 

 H -5.48160000 1.92130000 -1.39270000 

 H -6.41300000 0.48670000 -0.99240000 

 H 3.74920000 0.03870000 1.46100000 

 H 1.86700000 -3.61330000 0.54260000 

 H 3.61040000 -3.82850000 0.30030000 

 H 2.93220000 -3.60720000 1.92210000 

 H 4.38880000 -2.54540000 3.01880000 

 H 5.25020000 -1.01400000 3.03730000 

 H 3.64080000 -1.11990000 3.77020000 

 H 1.52620000 5.21330000 1.81110000 

 H 0.87020000 5.73590000 0.24380000 

 H -0.22280000 5.32720000 1.57330000 

 H -2.09830000 1.49410000 -0.53470000 
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 H 2.28150000 -1.86280000 -2.44340000 

3 

B3LYP/6-31g (d, p) (0 imaginary Frequencies, solvent=methanol, thermal 

correction to Gibbs Free Energy= -1001.981142, thermal correction to Gibbs 

Free Energy= 0.363314) 

 C -0.34610000 0.18350000 -0.61170000 

 C -1.07290000 -1.22150000 -0.52920000 

 C -0.10140000 -2.36360000 -0.74250000 

 C 1.38980000 -2.16650000 -0.69960000 

 C 2.00500000 -0.81070000 -0.48560000 

 C 1.01450000 0.20150000 0.14170000 

 C 3.26830000 -0.92210000 0.39570000 

 C 3.81350000 0.41150000 0.84030000 

 C 3.09590000 1.54200000 0.71300000 

 C 1.69150000 1.59390000 0.18760000 

 O 0.67410000 -2.27120000 -1.94660000 

 C -1.26030000 1.31750000 -0.15960000 

 C -1.81700000 2.21740000 -0.98950000 

 C -2.74910000 3.32710000 -0.60570000 

 O -3.14230000 3.23010000 0.75290000 

 C -1.92220000 -1.43440000 0.75560000 

 C -3.27420000 -1.48980000 0.72680000 

 C -1.16020000 -1.60950000 2.04710000 

 C -4.22000000 -1.64940000 1.87470000 

 C 5.20350000 0.40580000 1.40550000 

 O 1.77610000 2.17840000 -1.10510000 

 O -1.96620000 -1.26820000 -1.66370000 

 H 0.84260000 -0.09770000 1.18260000 

 H -0.11920000 0.36210000 -1.67440000 

 H 2.32000000 -0.43440000 -1.46980000 

 H -0.52090000 -3.33470000 -0.51260000 

 H 2.02740000 -3.00180000 -0.44160000 

 H 3.05250000 -1.52340000 1.28870000 

 H 4.03810000 -1.46320000 -0.16960000 

 H 3.52830000 2.49760000 0.99980000 

 H 1.11730000 2.26770000 0.83470000 

 H -1.46680000 1.37500000 0.90800000 

 H -1.61170000 2.14940000 -2.05660000 

 H -2.26050000 4.29390000 -0.75810000 

 H -3.64920000 3.29500000 -1.22760000 

 H -3.60000000 2.37570000 0.84140000 

 H -3.78000000 -1.38580000 -0.23340000 

 H -0.93730000 -0.63610000 2.49360000 

 H -1.71370000 -2.20200000 2.78150000 

 H -0.21970000 -2.14570000 1.89110000 
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 H -3.74900000 -1.51350000 2.85060000 

 H -5.01510000 -0.90060000 1.79600000 

 H -4.68230000 -2.64040000 1.84240000 

 H 5.25160000 -0.24490000 2.28460000 

 H 5.91590000 0.03790000 0.66020000 

 H 5.52730000 1.40580000 1.71250000 

 H 0.91280000 2.58840000 -1.28270000 

 H -1.39690000 -1.40370000 -2.44320000 

4 

B3LYP/6-31g (d, p) (0 imaginary Frequencies, solvent=methanol, thermal 

correction to Gibbs Free Energy= -1117.476395, thermal correction to Gibbs 

Free Energy= 0.394166) 

 C 0.30840000 0.31350000 0.44580000 

 C 0.76530000 1.82460000 0.58560000 

 C 2.19800000 1.93260000 1.06500000 

 C 3.13650000 0.75700000 1.04770000 

 C 2.68840000 -0.61120000 0.61570000 

 C 1.38840000 -0.58110000 -0.22610000 

 C 3.80340000 -1.32980000 -0.17450000 

 C 3.34970000 -2.60680000 -0.84050000 

 C 2.04660000 -2.92690000 -0.93870000 

 C 0.93080000 -2.04270000 -0.45600000 

 O 2.49360000 1.19840000 2.26110000 

 C -1.04490000 0.19350000 -0.25240000 

 C -2.13640000 -0.32930000 0.32970000 

 C -3.41330000 -0.42120000 -0.34470000 

 C -4.53720000 -0.96450000 0.15740000 

 C -5.73730000 -0.93540000 -0.72660000 

 O -6.81460000 -1.41790000 -0.39760000 

 C -4.74260000 -1.60240000 1.49670000 

 C 0.53740000 2.69150000 -0.68630000 

 C -0.38780000 3.67830000 -0.73010000 

 C 1.42590000 2.40140000 -1.87150000 

 C -0.74540000 4.56450000 -1.88080000 

 C 4.43570000 -3.49590000 -1.37260000 

 O 0.43380000 -2.60390000 0.75320000 

 O -0.03150000 2.38440000 1.65090000 

 H 1.62790000 -0.16290000 -1.21090000 

 H 0.17520000 -0.07010000 1.46950000 

 H 2.50610000 -1.19490000 1.53000000 

 H 2.59600000 2.93770000 1.00630000 

 H 4.20240000 0.92990000 0.98060000 

 H 4.20480000 -0.66110000 -0.94740000 

 H 4.63070000 -1.54880000 0.51290000 

 H 1.75240000 -3.86380000 -1.40570000 
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 H 0.12610000 -2.06550000 -1.19940000 

 H -1.10100000 0.56320000 -1.27370000 

 H -2.05850000 -0.69600000 1.34990000 

 H -3.42800000 0.00540000 -1.34770000 

 H -5.60540000 -0.45260000 -1.70960000 

 H -3.83980000 -1.62100000 2.11120000 

 H -5.50900000 -1.06040000 2.06120000 

 H -5.07200000 -2.64010000 1.37660000 

 H -0.99000000 3.86800000 0.15900000 

 H 0.99410000 1.60600000 -2.48590000 

 H 1.57400000 3.27970000 -2.50660000 

 H 2.42900000 2.09600000 -1.56020000 

 H -0.32760000 4.23250000 -2.83370000 

 H -1.83400000 4.58510000 -1.99820000 

 H -0.40560000 5.58580000 -1.68500000 

 H 5.03180000 -2.96030000 -2.11840000 

 H 5.09740000 -3.81520000 -0.56110000 

 H 4.03390000 -4.39580000 -1.84990000 

 H 0.25140000 -3.54350000 0.58590000 

 H 0.28620000 1.96260000 2.46990000 

5 

B3LYP/6-31g (d, p) (0 imaginary Frequencies, solvent=methanol, thermal 

correction to Gibbs Free Energy= -1192.719060, thermal correction to Gibbs 

Free Energy= 0.399097) 

 O 5.48880000 -0.11570000 1.70140000 

 C 5.66340000 -0.55300000 0.44300000 

 C 4.42300000 -0.57890000 -0.37720000 

 C 3.25280000 -0.17100000 0.15380000 

 O 6.76850000 -0.89270000 0.05560000 

 C 1.96760000 -0.13430000 -0.51190000 

 C 0.84690000 0.27660000 0.10350000 

 C -0.52110000 0.32430000 -0.56970000 

 C 4.64530000 -1.08480000 -1.77370000 

 C -1.08630000 1.80110000 -0.69250000 

 C -2.51990000 1.79900000 -1.19130000 

 C -3.37610000 0.56410000 -1.14820000 

 C -2.83900000 -0.75750000 -0.67580000 

 C -1.53070000 -0.62150000 0.14290000 

 C -3.89550000 -1.51520000 0.15650000 

 C -3.35430000 -2.74350000 0.84850000 

 C -2.03250000 -2.98190000 0.93020000 

 C -0.98060000 -2.04520000 0.40410000 

 O -2.75440000 1.01660000 -2.36970000 

 O -0.47190000 -2.60990000 -0.79890000 

 C -4.37490000 -3.68070000 1.42500000 
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 O -0.33900000 2.46610000 -1.72700000 

 C -0.93360000 2.64980000 0.59710000 

 C -1.84980000 2.61290000 1.59210000 

 C 0.28260000 3.54830000 0.65390000 

 C -1.87370000 3.41460000 2.85600000 

 H -1.77700000 -0.18720000 1.12150000 

 H -0.38980000 -0.05400000 -1.59520000 

 H -2.63540000 -1.35950000 -1.57340000 

 H 6.38950000 -0.15960000 2.08360000 

 H 3.23480000 0.17710000 1.18680000 

 H 1.90510000 -0.45240000 -1.54850000 

 H 0.88500000 0.59300000 1.14420000 

 H 5.04870000 -2.10310000 -1.74830000 

 H 3.73700000 -1.11620000 -2.37900000 

 H 5.36080000 -0.44330000 -2.29980000 

 H -2.98640000 2.77560000 -1.16090000 

 H -4.45190000 0.66420000 -1.09400000 

 H -4.32140000 -0.84820000 0.91770000 

 H -4.72070000 -1.80270000 -0.50760000 

 H -1.67370000 -3.88580000 1.41620000 

 H -0.16390000 -1.99900000 1.13310000 

 H -0.18590000 -3.51560000 -0.59490000 

 H -4.98950000 -3.16100000 2.16720000 

 H -5.03010000 -4.06200000 0.63520000 

 H -3.91120000 -4.54100000 1.91890000 

 H -0.57260000 2.01190000 -2.55670000 

 H -2.70520000 1.94640000 1.49790000 

 H 0.12340000 4.43580000 0.03270000 

 H 0.52110000 3.88060000 1.66720000 

 H 1.17780000 3.03350000 0.29270000 

 H -1.17730000 4.25520000 2.85690000 

 H -2.87620000 3.83070000 3.00140000 

 H -1.64740000 2.76950000 3.71020000 
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Figure S1. HRESIMS spectrum of compound 1  

 

 

Figure S2. UV-vis spectrum of compound 1 in MeOH 
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Figure S3. Experimental and calculated ECD spectra of compound 1 

(1a: 8R,9S,10R,14S,15R,16R,17R; 1b: 8S,9R,10S,14R,15S,16S,17S) 

 

 

Figure S4. The computed IR spectrum of compound 1 at B3LYP/6-31g (d, p) level in 

methanol1 
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 Figure S5. 1H NMR spectrum of compound 1 in methanol-d4 (400 MHz) 

 

 

Figure S6. 13C NMR and DEPT spectra of compound 1 in methanol-d4 (100 MHz) 
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Figure S7. HSQC spectrum of compound 1 in methanol-d4 (
1H-400 MHz) 

 

Figure S8. 1H-1H COSY spectrum of compound 1 in methanol-d4 (400 MHz) 

 

 



13 

 

 

 

 

Figure S9. HMBC spectrum of compound 1 in methanol-d4 (400 MHz) 

 

Figure S10. NOESY spectrum of compound 1 in methanol-d4 (400 MHz) 
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Figure S11. HRESIMS spectrum of compound 2 

 

 

 

 

Figure S12. UV-vis spectrum of compound 2 in MeOH 
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Figure S13. Experimental and calculated ECD spectra of compound 2 

(2a: 8R,9S,10R,14S,15R,16R,17R; 2b: 8S,9R,10S,14R,15S,16S,17S) 

 

 

 

Figure S14. The computed IR spectrum of compound 2 at B3LYP/6-31g (d, p) level in 

methanol 
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Figure S15. 1H NMR spectrum of compound 2 in methanol-d4 (400 MHz) 

 

Figure S16. 13C NMR and DEPT spectra of compound 2 in methanol-d4 (100 MHz) 
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Figure S17. HSQC spectrum of compound 2 in methanol-d4 (
1H-400 MHz) 

 

 

Figure S18. 1H-1H COSY spectrum of compound 2 in methanol-d4 (400 MHz) 
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Figure S19. HMBC spectrum of compound 2 in methanol-d4 (400 MHz) 

 

 

 Figure S20. NOESY spectrum of compound 2 in methanol-d4 (400 MHz) 



19 

 

 

Figure S21. HRESIMS spectrum of compound 3 

 

 

 

Figure S22. UV-vis spectrum of compound 3 in MeOH 
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Figure S23. Experimental and calculated ECD spectra of compound 3 

(3a: 4R,5S,6R,10S,11R,12R,13R; 3b: 4S,5R,6S,10R,11S,12S,13S) 

 

Figure S24. The computed IR spectrum of compound 3 at B3LYP/6-31g (d, p) level in 

methanol 
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Figure S25. 1H NMR spectrum of compound 3 in methanol-d4 (400 MHz) 

 

 

Figure S26. 13C NMR and DEPT spectra of compound 3 in methanol-d4 (100 MHz) 
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Figure S27. HSQC spectrum of compound 3 in methanol-d4 (
1H-400 MHz) 

 

 

Figure S28. 1H-1H COSY spectrum of compound 3 in methanol-d4 (400 MHz) 
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Figure S29. HMBC spectrum of compound 3 in methanol-d4 (400 MHz) 

 

 

Figure S30. NOESY spectrum of compound 3 in methanol-d4 (400 MHz) 
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Figure S31. HRESIMS spectrum of compound 4 

 

 

 

Figure S32. UV-vis spectrum of compound 4 in MeOH 
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Figure S33. Experimental and calculated ECD spectra of compound 4 

(4a: 6R,7S,8R,12S,13R,14R,15R; 4b: 6S,7R,8S,12R,13S,14S,15S) 

 

 

Figure S34. The computed IR spectrum of compound 4 at B3LYP/6-31g (d, p) level in 

methanol 
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Figure S35. 1H NMR spectrum of compound 4 in methanol-d4 (400 MHz) 

 

 

 

Figure S36. 13C NMR and DEPT spectra of compound 4 in methanol-d4 (100 MHz) 
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Figure S37. HSQC spectrum of compound 4 in methanol-d4 (
1H-400 MHz) 

 

 

 

 

Figure S38. 1H-1H COSY spectrum of compound 4 in methanol-d4 (400 MHz) 
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Figure S39. HMBC spectrum of compound 4 in methanol-d4 (400 MHz) 

 

 

Figure S40. NOESY spectrum of compound 4 in methanol-d4 (400 MHz) 
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Figure S41. HRESIMS spectrum of compound 5 

 

 

 

Figure S42. UV-vis spectrum of compound 5 in MeOH 

 



30 

 

 

200 250 300 350 400

-30

-20

-10

0

10

20

30

C
D

 [
m

d
eg

]

Wavelength(nm)

 Exptl of 5

 Cacld of 5a

 Cacld of 5b

 

Figure S43. Experimental and calculated ECD spectra of compound 5 

(5a: 6R,7S,8R,12S,13R,14R,15R; 5b: 6S,7R,8S,12R,13S,14S,15S) 

 

 

 

 

Figure S44. The computed IR spectrum of compound 5 at B3LYP/6-31g (d, p) level in 

methanol 
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Figure S45. 1H NMR spectrum of compound 5 in methanol-d4 (400 MHz) 

 

Figure S46. 13C NMR and DEPT spectra of compound 5 in methanol-d4 (100 MHz) 
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Figure S47. HSQC spectrum of compound 5 in methanol-d4 (
1H-400 MHz) 

 

 

Figure S48. 1H-1H COSY spectrum of compound 5 in methanol-d4 (400 MHz) 

 



33 

 

 
Figure S49. HMBC spectrum of compound 5 in methanol-d4 (400 MHz) 

 

Figure S50. NOESY spectrum of compound 5 in methanol-d4 (400 MHz) 
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 Figure S51. The optimized conformation and Gibbs free energy of compound 1-5 at 

B3LYP/6-31g (d, p) level in methanol 

 

 

 

Figure S52. The thermodynamic date of optimized conformation of compound 1-5 at 

B3LYP/6-31g (d, p) level in methanol 
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Figure S53. Calculated values of optical rotations of compounds 1-5 

(1a-2a: 8R,9S,10R,14S,15R,16R,17R; 1b-2b: 8S,9R,10S,14R,15S,16S,17S; 3a: 

4R,5S,6R,10S,11R,12R,13R; 3b: 4S,5R,6S,10R,11S,12S,13S; 4a-5a: 6R,7S,8R,12S,13R,14R,15R; 

4b-5b: 6S,7R,8S,12R,13S,14S,15S) 
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