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1. Experimental Section 

1.1 General experimental procedures 
IR spectra was recorded on a Nicolet 6700 spectrometer (Thermo Scientific, Waltham, MA, USA); 
peaks are reported in cm–1. Melting points were measured on an X-4 digital micro-melting point 
apparatus. Optical rotations were measured on a Perkin-Elmer 241MC polarimeter (PerkinElmer, 
Fremont, CA, USA). The NMR spectra were measured at 300 K on DRX 500 and Avance 600 MHz 
NMR spectrometers (Bruker Biospin AG, Fallanden, Germany); Chemical shifts are reported in parts 
per million (δ) in CDCl3 (δH reported referred to CHCl3 at 7.26 ppm; δC reported referred to CDCl3 at 
77.16 ppm) and coupling constants (J) in Hz; assignments were supported by 1H–1H COSY, HSQC, 
HMBC, and NOESY experiments. HR-ESIMS was carried out on a Waters Q-TOF Ultima mass 
spectrometer (Waters, MA, USA). HREIMS spectra was carried out on a Thermo DFS mass 
spectrometer. Semi-preparative HPLC was performed on an Agilent-1260 system equipped with a 
DAD G1315D detector using ODS-HG-5 (250 mm × 9.4 mm, 5 µm) by eluting with CH3OH–H2O or 
CH3CN–H2O system at 3.0 mL/min. Commercial silica gel (200−300 and 300−400 mesh; Qingdao, 
China) was used for column chromatography (CC). Precoated Si gel plates (Merck Chemicals 
(Shanghai) Co., Ltd, G60 F254) were used for analytical TLC. Sephadex LH-20 (Amersham 
Biosciences) was also used for CC. All solvents used for column chromatography and HPLC were of 
analytical grade (Shanghai Chemical Reagents Co., Ltd.) and chromatographic grade (Dikma 
Technologies Inc.), respectively. X-ray diffraction studies were carried out on a Bruker D8 Venture 
diffractometer with Cu Kα radiation (λ =1.54178 Å). 
 

1.2 Biological materials 
Specimens of the soft coral Sinularia ornata, identified by Prof. Xiu-Bao Li from Hainan university, 
were collected along the coast of Ximao Island, Hainan province, China, in 2018, and were frozen 
immediately after collection. A voucher specimen (18-XD-07) was deposited at Shanghai Institute of 
Materia Medica, Chinese Academy of Sciences, Shanghai, China. 
 

1.3 Extraction and isolation 
The frozen materials (943 g, dry weight) were cut into pieces and extracted exhaustively with Me2CO 
at room temperature. The organic extract was evaporated to give a brown residue, which was 
partitioned between Et2O and H2O. The Et2O solution was concentrated under reduced pressure to 
give a dark brown residue (36.3 g), which was fractionated by gradient Si gel (200−300 mesh) column 
chromatography (CC) (0 → 100% Et2O in petroleum ether (PE), yielding eight fractions (A−F). 
Fraction D was isolated by Sephadex LH-20 (PE/CH2Cl2/MeOH, 2:1:1), followed by silica gel CC 
(PE/CH2Cl2, 10:0 → 0:10) to give two subfractions (D2E and D2G). Fraction D2E was finally purified 
by reversed-phase HPLC (MeCN/H2O, 70:30; 3.0 mL/min) to give compound 1 (11.6 mg, tR = 17.1 
min) and 4 (12.3 mg, tR = 12.3 min), while compound 2 (1.2 mg, tR = 18.6 min) was isolated from 
subfraction D2G by RP-HPLC (MeCN/H2O, 60:40; 3.0 mL/min). Fraction E was fractioned by 
Sephadex LH-20 (PE/CH2Cl2/MeOH, 2:1:1), followed by silica gel CC (PE/Et2O, 10:0 → 0:10) to 
give two subfractions (E3E and E3H). Subfraction E3E was further purified by stepwise HPLC 
(MeCN/H2O, 62:38 → 70:30; 3.0 mL/min) to obtain compound 5 (17.0 mg, tR = 5.3 min). Similarly, 
compound 3 (2.0 mg, tR = 13.5 min) was isolated from fraction E3H by reversed-phase HPLC 
(MeCN/H2O, 75:25 → 98:2; 3.0 mL/min). 
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Ximaoornatin A (1): Colorless crystals; m.p. 166.2～166.4℃; [α]D20 -46.7 (c 0.35, CHCl3); IR (KBr) 
νmax= 3445, 2919, 2849, 1959, 1620, 1384, 1156, 1043 cm-1; 1H and 13C NMR data see Table 1; HR-
ESIMS m/z 487.2670 [M + Na]+ (calcd. for C26H40NaO7, 487.2666). 
 
Ximaoornatin B (2): Colorless oil; [α]D20 -15.4 (c 0.12, CHCl3); IR (KBr) νmax= 3441, 2960, 2924, 
2870, 1959, 1732, 1620, 1384, 1260, 1074, 1040 cm-1; 1H and 13C NMR data see Table 1; HR-EIMS 
m/z 492.3080 [M]+ (calcd. for C28H44O7, 492.3082). 
 
Ximaoornatin C (3): Colorless oil; [α]D20 -55.0 (c 0.11, CH3OH); IR (KBr) νmax= 3444, 2924, 1959, 
1731, 1620, 1384, 1260, 1045, 800 cm-1; 1H and 13C NMR data see Table 1; HR-EIMS m/z 422.2665 
[M]+ (calcd. for C24H38O6, 422.2663). 
 
Litophynin K (4): Colorless oil; [α]D20 -58.4 (c 0.24, CHCl3); IR (KBr) νmax= 3446, 2925, 1959, 1733, 
1665, 1384, 1247, 1097, 1051 cm-1; 1H and 13C NMR data see Table 1; HR-ESIMS m/z 471.2718 [M 
+ Na]+ (calcd. for C26H40NaO6, 471.2717). 
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2. Original data for compounds 1–5 

2.1 X-ray crystallographic analyses of 1 
C2.08H3.2O0.56, Mr = 37.17, monoclinic, crystal size 0.15 × 0.08 × 0.05 mm3, space group P21, a = 
11.0532(5) Å, b = 9.4225(4) Å, c = 12.3134(5) Å, V = 1271.54 (9) Å3, Z = 25, Dcalcd = 1.213 g/cm3, 
F(000) = 504.0, 19814 reflections measured (7.24° ≤ 2Θ ≤ 149.14°), 5096 unique (Rint = 0.0470, Rsigma 
= 0.0381) which were used in all calculations. The final R1 was 0.0346 (I > 2σ(I)) and wR2 was 0.0901 
(all data). The X-ray measurements were made on a Bruker D8 Venture X-ray diffractometer with 
with Cu Kα radiation (λ=1.54178 Å) at 170.0 K. The structure was solved with the ShelXT1 structure 
solution program using Intrinsic Phasing and refined with the ShelXL2 refinement package using Least 
Squares minimisation. Crystallographic data for 1 has been deposited at the Cambridge 
Crystallographic Data Centre (Deposition nos. CCDC 2126980). Copies of these data can be obtained 
free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html or from the Cambridge Crystallographic 
Data Centre, 12 Union Road, Cambridge CB21EZ, UK. [Fax: (+44) 1223-336-033. E-mail: 
deposit@ccdc.cam.ac.uk].  
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Table S1. X-ray crystallographic data for 1. 

Empirical formula C2.08H3.2O0.56 
Formula weight 37.17 
Temperature/K 170.0 
Crystal system monoclinic 
Space group P21 
a/Å 11.0532(5) 
b/Å 9.4225(4) 
c/Å 12.3134(5) 
α/° 90 
β/° 97.470(2) 
γ/° 90 
Volume/Å3 1271.54 (9) 
Z 25 
ρcalcg/cm3 1.213 
μ/mm-1 0.706 
F(000) 504.0 
Crystal size/mm3 0.15 × 0.08 × 0.05 
Radiation Cu Kα (λ = 1.54178) 
2Θ range for data collection/° 7.24 to 149.14 
Index ranges -13 ≤ h ≤ 13, -11 ≤ k ≤ 11, -15 ≤ l ≤ 15 
Reflections collected 19814 
Independent reflections 5096 [Rint = 0.0470, Rsigma = 0.0381] 
Data/restraints/parameters 5096/1/305 
Goodness-of-fit on F2 1.054 
Final R indexes [I>=2σ (I)] R1 = 0.0346, wR2 =0.0878 
Final R indexes [all data] R1 = 0.0376, wR2 = 0.0901 
Largest diff. peak/hole / e Å-3 0.25/-0.15 
Flack parameter -0.09(7) 
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2.2 NMR, MS, and IR spectra of compounds 1−5 

 
Figure S1. 1H NMR spectrum of ximaoornatin A (1) in CDCl3. 
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Figure S2. 13C NMR spectrum of ximaoornatin A (1) in CDCl3. 
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Figure S3. HSQC spectrum of ximaoornatin A (1) in CDCl3. 
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Figure S4. HMBC spectrum of ximaoornatin A (1) in CDCl3. 
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Figure S5. 1H-1H COSY spectrum of ximaoornatin A (1) in CDCl3. 
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Figure S6. NOESY spectrum of ximaoornatin A (1) in CDCl3. 
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Figure S7. HRESIMS spectrum of ximaoornatin A (1) in MeOH.  
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Figure S8. IR spectrum of ximaoornatin A (1). 
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Figure S9. 1H NMR spectrum of ximaoornatin B (2) in CDCl3. 
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Figure S10. 13C NMR spectrum of ximaoornatin B (2) in CDCl3. 
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Figure S11. HSQC spectrum of ximaoornatin B (2) in CDCl3. 
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Figure S12. HMBC spectrum of ximaoornatin B (2) in CDCl3. 
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Figure S13. 1H-1H COSY spectrum of ximaoornatin B (2) in CDCl3. 
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Figure S14. NOESY spectrum of ximaoornatin B (2) in CDCl3. 
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Figure S15. HREIMS spectrum of ximaoornatin B (2) in MeOH. 
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Figure S16. IR spectrum of ximaoornatin B (2). 
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Figure S17. 1H NMR spectrum of ximaoornatin C (3) in CDCl3. 
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Figure S18. 13C NMR spectrum of ximaoornatin C (3) in CDCl3. 
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Figure S19. HSQC spectrum of ximaoornatin C (3) in CDCl3. 
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Figure S20. HMBC spectrum of ximaoornatin C (3) in CDCl3. 
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Figure S21. 1H-1H COSY spectrum of ximaoornatin C (3) in CDCl3. 
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Figure S22. NOESY spectrum of ximaoornatin C (3) in CDCl3. 
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Figure S23. HREIMS spectrum of ximaoornatin C (3) in MeOH. 
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Figure S24. IR spectrum of ximaoornatin C (3). 
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Figure S25. 1H NMR spectrum of litophynin K (4) in CDCl3. 



32 
 

 

 
Figure S26. 13C NMR spectrum of litophynin K (4) in CDCl3. 
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Figure S27. HSQC spectrum of litophynin K (4) in CDCl3. 
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Figure S28. HMBC spectrum of litophynin K (4) in CDCl3. 
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Figure S29. 1H-1H COSY spectrum of litophynin K (4) in CDCl3. 
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Figure S30. NOESY spectrum of litophynin K (4) in CDCl3. 
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Figure S31. HRESIMS spectrum of litophynin K (4) in MeOH. 
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Figure S32. IR spectrum of litophynin K (4). 

 
 
 
 
 
 



39 
 

 
Figure S33. Application of the modified Mosher's method for AC determination of the secondary alcohol on 4. Values of ΔδSR [Δ(δS−δR)] were given in ppm. 

Regions (+ and −) were marked in blue and red, respectively. 
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Figure S34. 1H NMR spectrum of 4a in CDCl3. 
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Figure S35. 1H NMR spectrum of 4b in CDCl3. 
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Figure S36. 1H-1H COSY spectrum of 4a in CDCl3. 
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Figure S37. 1H-1H COSY spectrum of 4b in CDCl3 
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Figure S38. 1H NMR spectrum of litophynol B (5) in CHCl3. 



45 
 

 
Figure S39. 13C NMR spectrum of litophynol B (5) in CH


