
Supporting information 

Rapid screening of unprecedented sesquiterpenes with distinctive ring 

skeletons from Daphne aurantiaca employing an integrated strategy 

Shu-Hui Donga, Jin-Ling Hana, Xin-Yu Changb, Mei-Ya Liana, Xin Zhanga, Xiao-Ling 

Liub, Ming Baia, Xiao-Xiao Huanga, *, Shao-Jiang Songa, * 

a Engineering Research Center of Natural Medicine Active Molecule Research & 

Development, Liaoning Province; Key Laboratory of Computational Chemistry-Based 

Natural Antitumor Drug Research & Development, Liaoning Province; Key Laboratory 

of Natural Bioactive Compounds Discovery & Modification, Shenyang; School of 

Traditional Chinese Materia Medica, Shenyang Pharmaceutical University, Shenyang, 

Liaoning 110016, China 

b Shenyang Pharmaceutical University Wuya College of Innovation, Shenyang, 

Liaoning 110016, China 

*Corresponding author. 

E-mail addresses: songsj99@163.com (Shao-Jiang Song). 

xiaoxiao270@163.com (Xiao-Xiao Huang). 

  

Electronic Supplementary Material (ESI) for Organic Chemistry Frontiers.
This journal is © the Partner Organisations 2023



List of Supporting Information 

Experimental Section…………………………………………………………...………………..S1 

General Experimental Procedures…………………………..………………...……..........S1 

Extraction and Isolation……….…………………………………………………………...S1 

CASE Analysis…………………………………………………………………………...…S1 

Table 1. 1H NMR (600 MHz) and 13C NMR (150 MHz) data for 1–3 (Recorded in DMSO-d6)...S3 

Table 2. 1H NMR (600 MHz) and 13C NMR (150 MHz) data for 4–6 (Recorded in DMSO-d6)...S4 

Table 3. Calculated 4JC-H………………………………………………………………………….S5 

Fig. S4. Key 1H-1H COSY (blue line) and HMBC (red arrow) correlations for compounds 1–6..S5 

Fig. S5. Key NOE correlations for compounds 1–6………………………………………………S5 

Fig. S6. The HR-ESIMS spectrum of the new compound 1………………………….…………..S6 

Fig. S7. The UV spectrum of the new compound 1……………………………….…………...…S6 

Fig. S8. 1H NMR (600 MHz, DMSO-d6) spectrum of the new compound 1……………………..S7 

Fig. S9. 13C NMR (150 MHz, DMSO-d6) spectrum of the new compound 1…………………….S7 

Fig. S10. HSQC (600 MHz, DMSO-d6) spectrum of the new compound 1……………………...S8 

Fig. S11. HMBC (600 MHz, DMSO-d6) spectrum of the new compound 1……………………..S8 

Fig. S12. 1H-1H COSY (600 MHz, DMSO-d6) spectrum of the new compound 1……………….S9 

Fig. S13. NOESY (600 MHz, DMSO-d6) spectrum of the new compound 1…………………….S9 

Fig. S14. DEPT (600 MHz, DMSO-d6) spectrum of the new compound 1……………………..S10 

Fig. S15. Most stable conformers of the new compound 1 in solvated model calculations at the 

B3LYP/6-311++G (2d, p) level in ECD calculation…………………………………………….S10 

Fig. S16. The HR-ESIMS spectrum of the new compound 2…………………………………S11 

Fig. S17. The UV spectrum of the new compound 2……………………………………………S11 

Fig. S18. 1H NMR (600 MHz, DMSO-d6) spectrum of the new compound 2…………………..S12 

Fig. S19. 13C NMR (150 MHz, DMSO-d6) spectrum of the new compound 2…………………S12 

Fig. S20. HSQC (600 MHz, DMSO-d6) spectrum of the new compound 2…………………….S13 

Fig. S21. HMBC (600 MHz, DMSO-d6) spectrum of the new compound 2……………………S13 

Fig. S22. 1H-1H COSY (600 MHz, DMSO-d6) spectrum of the new compound 2……………S14 

Fig. S23. NOESY (600 MHz, DMSO-d6) spectrum of the new compound 2…………………S14 

Fig. S24. DEPT (600 MHz, DMSO-d6) spectrum of the new compound 2……………………..S15 

Fig. S25. Linear correlation between the experimental and calculated 13C NMR chemical shifts of 

2a and 2b………………………………………………………………………………………...S15 

Fig. S26. Results of custom DP4+ analysis of 2a and 2b………………………………………S16 

Fig. S27. Most stable conformers of the new compound 2 in solvated model calculations at the 

B3LYP/6-311++G (2d, p) level in ECD calculation…………………………………………….S16 

Fig. S28. The HR-ESIMS spectrum of the new compound 3…………………………………S17 

Fig. S29. The UV spectrum of the new compound 3………………………………………….S17 

Fig. S30. 1H NMR (600 MHz, DMSO-d6) spectrum of the new compound 3…………………S18 

Fig. S31. 13C NMR (150 MHz, DMSO-d6) spectrum of the new compound 3…………………S18 

Fig. S32. HSQC (600 MHz, DMSO-d6) spectrum of the new compound 3…………………….S19 

Fig. S33. HMBC (600 MHz, DMSO-d6) spectrum of the new compound 3……………………S19 

Fig. S34. 1H-1H COSY (600 MHz, DMSO-d6) spectrum of the new compound 3……………S20 

Fig. S35. NOESY (600 MHz, DMSO-d6) spectrum of the new compound 3…………………S20 

Fig. S36. DEPT (600 MHz, DMSO-d6) spectrum of the new compound 3……………………S21 



Fig. S37. Linear correlation between the experimental and calculated 13C NMR chemical shifts of 

3a–3d……………………………………………………………………………………….……S21 

Fig. S38. Results of custom DP4+ analysis of 3a–3d…………………………………………S22 

Fig. S39. Most stable conformers of the new compound 3 in solvated model calculations at the 

B3LYP/6-311++G (2d, p) level in ECD calculation…………………………………………….S22 

Fig. S40. The HR-ESIMS spectrum of the new compound 4…………………………………S23 

Fig. S41. The UV spectrum of the new compound 4………………………………………….S23 

Fig. S42. 1H NMR (600 MHz, DMSO-d6) spectrum of the new compound 4…………………S24 

Fig. S43. 13C NMR (150 MHz, DMSO-d6) spectrum of the new compound 4…………………S24 

Fig. S44. HSQC (600 MHz, DMSO-d6) spectrum of the new compound 4…………………….S25 

Fig. S45. HMBC (600 MHz, DMSO-d6) spectrum of the new compound 4……………………S25 

Fig. S46. 1H-1H COSY (600 MHz, DMSO-d6) spectrum of the new compound 4……………S26 

Fig. S47. NOESY (600 MHz, DMSO-d6) spectrum of the new compound 4…………………S26 

Fig. S48. DEPT (600 MHz, DMSO-d6) spectrum of the new compound 4……………………S27 

Fig. S49. Linear correlation between the experimental and calculated 13C NMR chemical shifts of 

4a–4d……………………………………………………………………………………….……S27 

Fig. S50. Results of custom DP4+ analysis of 4a–4d…………………………………………S28 

Fig. S51. Most stable conformers of the new compound 4 in solvated model calculations at the 

B3LYP/6-311++G (2d, p) level in ECD calculation…………………………………………….S28 

Fig. S52. The HR-ESIMS spectrum of the new compound 5…………………………………S29 

Fig. S53. The UV spectrum of the new compound 5………………………………………….S29 

Fig. S54. 1H NMR (600 MHz, DMSO-d6) spectrum of the new compound 5…………………S30 

Fig. S55. 13C NMR (150 MHz, DMSO-d6) spectrum of the new compound 5…………………S30 

Fig. S56. HSQC (600 MHz, DMSO-d6) spectrum of the new compound 5…………………….S31 

Fig. S57. HMBC (600 MHz, DMSO-d6) spectrum of the new compound 5……………………S31 

Fig. S58. 1H-1H COSY (600 MHz, DMSO-d6) spectrum of the new compound 5……………S32 

Fig. S59. NOESY (600 MHz, DMSO-d6) spectrum of the new compound 5…………………S32 

Fig. S60. DEPT (600 MHz, DMSO-d6) spectrum of the new compound 5……………………S33 

Fig. S61. Linear correlation between the experimental and calculated 13C NMR chemical shifts of 

5a–5d……………………………………………………………………………………….……S33 

Fig. S62. Results of custom DP4+ analysis of 5a–5d…………………………………………S34 

Fig. S63. Most stable conformers of the new compound 5 in solvated model calculations at the 

B3LYP/6-311++G (2d, p) level in ECD calculation…………………………………………….S34 

Fig. S64. The HR-ESIMS spectrum of the new compound 6…………………………………S35 

Fig. S65. The UV spectrum of the new compound 6………………………………………….S35 

Fig. S66. 1H NMR (600 MHz, DMSO-d6) spectrum of the new compound 6…………………S36 

Fig. S67. 13C NMR (150 MHz, DMSO-d6) spectrum of the new compound 6…………………S36 

Fig. S68. HSQC (600 MHz, DMSO-d6) spectrum of the new compound 6…………………….S37 

Fig. S69. HMBC (600 MHz, DMSO-d6) spectrum of the new compound 6……………………S37 

Fig. S70. 1H-1H COSY (600 MHz, DMSO-d6) spectrum of the new compound 6……………S38 

Fig. S71. NOESY (600 MHz, DMSO-d6) spectrum of the new compound 6…………………S38 

Fig. S72. DEPT (600 MHz, DMSO-d6) spectrum of the new compound 6……………………S39 

Fig. S73. Most stable conformers of the new compound 6 in solvated model calculations at the 

B3LYP/6-311++G (2d, p) level in ECD calculation…………………………………………….S39 



Fig. S74. The BOILED-Egg plot and the Bioavailability Radar plot of 2 (a) and 3 (b)………S40 

 



S1 

Experimental Section 

General Experimental Procedures 

Optical rotations were tested by an Anton Paar MCP 200 digital polarimeter 

(Anton Paar GmbH, Graz, Austria). The UV spectra were recorded on a Shimadzu UV-

2600i spectrophotometer (Shimadzu, Kyoto, Japan). NMR spectra were performed on 

Bruker AVANCE III HD 600 MHz spectrometer using tetramethylchlorosilane (TMS) 

as the internal standard. HRESIMS experiments of 1, 4 and 5 were performed using the 

Thermo Q EXACTIVE mass spectrometer. HRESIMS data of 2 and 6 were carried out 

by a Bruker COMPACT spectrometer. HRESIMS data of 3 was taken with a Waters 

G2-S Qtof spectrometer. ECD spectra were measured on a Bio-Logic Science MOS-

450 spectrometer (Bio-Logic Science Instruments, Seyssinet-Pariset, France). Column 

chromatography (CC) was carried out on silica gel (100-200 and 200-300 mesh, 

Qingdao, China), dianion HP-20 macroporous resin (Mitsubishi Chemical Corporation, 

Tokyo, Japan), and ODS gel (60–80 μm, Merck, Germany). 

Extraction and Isolation 

The whole plants of D. aurantiaca (40.0kg) were extracted with 80% aqueous 

ethanol (3×60L) and the residual alcohol extract was suspended in water and partitioned 

with petroleum ether (PE), ethyl acetate (EtOAc), and 1-butanol (n-BuOH), 

successively. The EtOAc extract (1800g) was chromatographed on silica gel with 

CH2Cl2-MeOH (1:0 to 0:1) to acquire ten fractions (Fr. A~ Fr. J). Fr. C (130 g) was 

separated by HP-20 and ODS column with MeOH/H2O (20:80 to 100:0, v/v) to afford 

twelve fractions (Fr. C1~Fr. C12). Fr.C5 (11.7 g) was separated on a silica gel column 

eluted with PE-EA and a semi-preparative HPLC to get compounds 1 (1.1 mg), 2 (1.4 

mg), 4 (1.5 mg), 5 (1.5 mg), 6 (1.2 mg). Fr.C6 (6.4 g) was purified by a silica gel column 

and RP-HPLC to obtain compounds 3 (0.5 mg). 

CASE Analysis 

The commercially available ACD/Labs 2020 1.1(File Version S15S41, Build 

117163, 16 Jul 2020) was used for the CASE analysis. All calculations were performed 

on a standard 2.90 GHz PC with 16 GB of RAM. 

 

Fig. S1. The molecular connectivity diagram (MCD) for 5 
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Fig. S2. Possible structures were generated by CASE (computer-assisted structure elucidation) 

expert systems for 5 

 

Fig. S3. Fifth to fourteenth possible structures were generated by CASE (computer-assisted 

structure elucidation) expert systems for 1 
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Table 1. 1H NMR (600 MHz) and 13C NMR (150 MHz) data for 1–3 (Recorded in DMSO-d6) 

No. 
1 2 3 

δH, mult (J in Hz) δC δH, mult (J in Hz) δC δH, mult (J in Hz) δC 

1  210.8 3.54, m 76.1  84.5 

2 α 1.79, m 

 

38.4 1.41, m 38.0 1.84, m 36.7 

 β 1.74, m 

6.57, d (3.2) 

   1.79, overlap  

3 1.44, m 26.4 1.21, m 26.5 1.79, overlap 29.1 

 1.20, m  0.82, m  1.14, m  

4 2.07, m 34.9 1.71, m 33.8 2.61, m 35.1 

5 2.81, m 51.4 2.11, m 41.8 1.79, overlap 54.4 

6 3.06, dd (18.5, 3.3) 23.2 2.76, m 20.4 1.61, m 17.9 

 2.42, m  2.65, dd (18.5, 2.9)  1.30, m  

7  148.2  152.4 2.50, overlap 42.5 

 

 
     2.37, m  

8  149.1  148.8  202.5 

9 5.62, s 115.3 5.31, s 118.8 5.61, s 124.9 

10  48.4  40.3  156.9 

11  125.9  123.9   

12  169.0  169.7   

13 1.87, d (2.0) 8.8 1.82, d (2.0) 8.2   

14 1.23, s 23.7 1.21, s 28.6 1.92, s 22.6 

15 0.93, d (6.9) 18.0 0.91, d (6.9) 19.4 0.95, d (7.0) 15.8 

OH-1   5.01, d (4.7)    
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Table 2. 1H NMR (600 MHz) and 13C NMR (150 MHz) data for 4–6 (Recorded in DMSO-d6) 

No. 
4 5 6 

δH, mult (J in Hz) δC δH, mult (J in Hz) δC δH, mult (J in Hz) δC 

1  97.3  108.5  73.9 

2 2.13, m 34.3 1.86, m 39.7 2.13, ddd (15.1, 10.3, 2.1) 29.4 

 1.77, m  1.63, m  1.45, m  

3 2.00, overlap 31.7 1.68, m 32.0 1.81, m 30.2 

 1.49, m  1.15, m  1.25, m  

4 2.40, m 34.6 1.50, m 40.3 2.27, m 37.3 

5 2.60, m 43.8 1.75, overlap 53.0 1.73, dd (12.5, 6.7) 48.7 

6 2.26, dd (16.2, 7.9) 28.7 1.75, overlap 32.3 α 1.98, m 21.7 

 2.00, overlap  1.60, m  β 1.16, m  

7  172.2  90.6 2.66, m 50.8 

8  171.4  204.8 4.05, m 79.9 

9 5.88, q (1.5) 116.2 5.52, brs 102.1 α 1.87, t (12.4) 41.1 

     β 2.46, dd (12.4, 1.4)  

10  170.8  188.5  59.5 

11   1.97, m 35.5  140.4 

12   4.30, dd (10.3, 2.8) 58.7  169.6 

   3.74, dd (10.3, 3.0) 

) 
   

13   4.17, dd (11.2, 2.8) 62.0 5.97, d (3.3) 118.1 

   3.94, dd (11.2, 7.3)  5.63, d (3.3)  

14 2.00, d (1.5) 12.6 2.25, brs 16.6 1.29, s 21.4 

15 0.91, d (7.2) 16.4 0.92, d (6.5) 18.0 1.04, d (6.8) 15.4 

7-OCH3 

HHHHH

H1OOO

CHOOC

OCH3 

3.53, s 51.4     
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Table 3. Calculated 4JC-H 

 4JC-H 
δH 3.74/δC 53.0 0.164393D+01 

δH 3.94/δC 53.0 0.196008D+00 

δH 4.17/δC 53.0 -0.355825D+00 

δH 4.30/δC 53.0 -0.164829D-01 

 

 

Fig. S4. Key 1H-1H COSY (blue line) and HMBC (red arrow) correlations for compounds 1–6 

 

Fig. S5. Key NOE correlations for compounds 1, 2 and 6
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Fig. S6. The HR-ESIMS spectrum of the new compound 1 

 

Fig. S7. The UV spectrum of the new compound 1 
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Fig. S8. 1H NMR (600 MHz, DMSO-d6) spectrum of the new compound 1 

 

Fig. S9. 13C NMR (150 MHz, DMSO-d6) spectrum of the new compound 1 
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Fig. S10. HSQC (600 MHz, DMSO-d6) spectrum of the new compound 1 

 

Fig. S11. HMBC (600 MHz, DMSO-d6) spectrum of the new compound 1 
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Fig. S12. 1H-1H COSY (600 MHz, DMSO-d6) spectrum of the new compound 1 

 

Fig. S13. NOESY (600 MHz, DMSO-d6) spectrum of the new compound 1 
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Fig. S14. DEPT (600 MHz, DMSO-d6) spectrum of the new compound 1 

 

Fig. S15. Most stable conformers of the new compound 1 in solvated model calculations at the 

B3LYP/6-311++G (2d, p) level in ECD calculation 

1 1  100   
Energ   808.3625568  artree
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Fig. S16. The HR-ESIMS spectrum of the new compound 2 

 

Fig. S17. The UV spectrum of the new compound 2 
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Fig. S18. 1H NMR (600 MHz, DMSO-d6) spectrum of the new compound 2 

 

Fig. S19. 13C NMR (150 MHz, DMSO-d6) spectrum of the new compound 2 
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Fig. S20. HSQC (600 MHz, DMSO-d6) spectrum of the new compound 2 

 

Fig. S21. HMBC (600 MHz, DMSO-d6) spectrum of the new compound 2 
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Fig. S22. 1H-1H COSY (600 MHz, DMSO-d6) spectrum of the new compound 2 

 

Fig. S23. NOESY (600 MHz, DMSO-d6) spectrum of the new compound 2 
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Fig. S24. DEPT (600 MHz, DMSO-d6) spectrum of the new compound 2 

 

Fig. S25. Linear correlation between the experimental and calculated 13C NMR chemical shifts of 

2a and 2b 
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Fig. S26. Results of custom DP4+ analysis of 2a and 2b 

 

Fig. S27. Most stable conformers of the new compound 2 in solvated model calculations at the 

B3LYP/6-311++G (2d, p) level in ECD calculation 
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Fig. S28. The HR-ESIMS spectrum of the new compound 3 

 

Fig. S29. The UV spectrum of the new compound 3 
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Fig. S30. 1H NMR (600 MHz, DMSO-d6) spectrum of the new compound 3 

 

Fig. S31. 13C NMR (150 MHz, DMSO-d6) spectrum of the new compound 3 
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Fig. S32. HSQC (600 MHz, DMSO-d6) spectrum of the new compound 3 

 

Fig. S33. HMBC (600 MHz, DMSO-d6) spectrum of the new compound 3 
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Fig. S34. 1H-1H COSY (600 MHz, DMSO-d6) spectrum of the new compound 3 

 

Fig. S35. NOESY (600 MHz, DMSO-d6) spectrum of the new compound 3 
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Fig. S36. DEPT (600 MHz, DMSO-d6) spectrum of the new compound 3 

 

Fig. S37. Linear correlation between the experimental and calculated 13C NMR chemical shifts of 

3a–3d 
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Fig. S38. Results of custom DP4+ analysis of 3a–3d 

 

Fig. S39. Most stable conformers of the new compound 3 in solvated model calculations at the 

B3LYP/6-311++G (2d, p) level in ECD calculation 

3 1  60.65   
Energ   618.7435459  artree

3 4  11.49   
Energ   618.741948  artree

3 3  11.50   
Energ   618.7419476  artree

3 2  0.96   
Energ   618.7392797  artree

3 8  0.33   
Energ   618.7383308  artree

3 7  0.57   
Energ   618.7387701  artree

3 6  0.62   
Energ   618.7394589  artree

3 5  1.42    
Energ   618.7397425  artree

3 11  4.80   
Energ   618.7406203  artree

3 10  1.17   
Energ   618.7391819  artree

3 9  6.49   
Energ   618.7409172  artree
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Fig. S40. The HR-ESIMS spectrum of the new compound 4 

 

Fig. S41. The UV spectrum of the new compound 4 
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Fig. S42. 1H NMR (600 MHz, DMSO-d6) spectrum of the new compound 4 

 

Fig. S43. 13C NMR (150 MHz, DMSO-d6) spectrum of the new compound 4 
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Fig. S44. HSQC (600 MHz, DMSO-d6) spectrum of the new compound 4 

 

Fig. S45. HMBC (600 MHz, DMSO-d6) spectrum of the new compound 4 
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Fig. S46. 1H-1H COSY (600 MHz, DMSO-d6) spectrum of the new compound 4 

 

Fig. S47. NOESY (600 MHz, DMSO-d6) spectrum of the new compound 4 
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Fig. S48. DEPT (600 MHz, DMSO-d6) spectrum of the new compound 4 

 

Fig. S49. Linear correlation between the experimental and calculated 13C NMR chemical shifts of 

4a–4d 
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Fig. S50. Results of custom DP4+ analysis of 4a–4d 

 

Fig. S51. Most stable conformers of the new compound 4 in solvated model calculations at the 

B3LYP/6-311++G (2d, p) level in ECD calculation 
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Fig. S52. The HR-ESIMS spectrum of the new compound 5 

 

Fig. S53. The UV spectrum of the new compound 5 
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Fig. S54. 1H NMR (600 MHz, DMSO-d6) spectrum of the new compound 5 

 

Fig. S55. 13C NMR (150 MHz, DMSO-d6) spectrum of the new compound 5 
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Fig. S56. HSQC (600 MHz, DMSO-d6) spectrum of the new compound 5 

 

Fig. S57. HMBC (600 MHz, DMSO-d6) spectrum of the new compound 5 
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Fig. S58. 1H-1H COSY (600 MHz, DMSO-d6) spectrum of the new compound 5 

 

Fig. S59. NOESY (600 MHz, DMSO-d6) spectrum of the new compound 5 
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Fig. S60. DEPT (600 MHz, DMSO-d6) spectrum of the new compound 5 

 

Fig. S61. Linear correlation between the experimental and calculated 13C NMR chemical shifts of 

5a–5d 
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Fig. S62. Results of custom DP4+ analysis of 5a–5d 

 

Fig. S63. Most stable conformers of the new compound 5 in solvated model calculations at the 

B3LYP/6-311++G (2d, p) level in ECD calculation 
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Fig. S64. The HR-ESIMS spectrum of the new compound 6 

 

Fig. S65. The UV spectrum of the new compound 6 
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Fig. S66. 1H NMR (600 MHz, DMSO-d6) spectrum of the new compound 6 

 

Fig. S67. 13C NMR (600 MHz, DMSO-d6) spectrum of the new compound 6 
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Fig. S68. HSQC (600 MHz, DMSO-d6) spectrum of the new compound 6 

 

Fig. S69. HMBC (600 MHz, DMSO-d6) spectrum of the new compound 6 
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Fig. S70. 1H-1H COSY (600 MHz, DMSO-d6) spectrum of the new compound 6 

 

Fig. S71. NOESY (600 MHz, DMSO-d6) spectrum of the new compound 6 
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Fig. S72. DEPT (600 MHz, DMSO-d6) spectrum of the new compound 6 

 

Fig. S73. Most stable conformers of the new compound 6 in solvated model calculations at the 

B3LYP/6-311++G (2d, p) level in ECD calculation 
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Fig. S74. The BOILED-Egg plot and the Bioavailability Radar plot of 2 (a) and 3 (b). The BOILED-

Egg allows for intuitive evaluation of passive gastrointestinal absorption and brain penetration in 

function of the position of the molecules in the WLOGP-versus-TPSA referential. The white region 

is for high probability of passive absorption by the gastrointestinal tract, and the yellow region (yolk) 

is for high probability of brain penetration. Yolk and white areas are not mutually exclusive. In 

addition the points are colored in blue if predicted as actively effluxed by P-gp (PGP+) and in red 

if predicted as non-substrate of P-gp (PGP−). The Bioavailability Radar enables a first glance at the 

drug-likeness of a molecule and the pink area represents the optimal range for each properties. 


