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Figure S1.  [bookmark: _Toc114606810]Key 1H−1H COSY (blue) and HMBC (red arrow) correlations of compounds 1-4, 6-8, 10-12 and 14.
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Figure S2.  [bookmark: _Toc114606811]Key ROESY (virtual red arrow) correlations of 1-4, 6, 8, 9, and 12.
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Figure S3.  [bookmark: _Toc114606812]X-ray crystallographic data for 1.
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Figure S4.  [bookmark: _Toc114606813]X-ray crystallographic data for 18.
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Figure S5.  [bookmark: _Toc114606814]The HPLC spectra of acid hydrolysis derivatives of compounds 10, 11 and 14 with D-Arabinose and L-Arabinose.
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Figure S6.  [bookmark: _Toc114606815]HR-ESI-MS spectrum of 1. 
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Figure S7.  [bookmark: _Toc114606816]UV spectrum of 1.
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Figure S8.  [bookmark: _Toc114606817]IR spectrum of 1.
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Figure S9.  [bookmark: _Toc114606818]1H NMR (600 MHz) spectrum of 1 in CD3OD. 
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Figure S10.  [bookmark: _Toc114606819]13C NMR (150 MHz) spectrum of 1 in CD3OD.
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Figure S11.  [bookmark: _Toc114606820]1H-1H COSY spectrum of 1 in CD3OD. 
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Figure S12.  [bookmark: _Toc114606821]HSQC spectrum of 1 in CD3OD.
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Figure S13.  [bookmark: _Toc114606822]HMBC spectrum of 1 in CD3OD. 
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Figure S14.  [bookmark: _Toc114606823]ROESY spectrum of 1 in CD3OD.
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Figure S15.  [bookmark: _Toc114606824]HR-ESI-MS spectrum of 2.
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Figure S16.  [bookmark: _Toc114606825]UV spectrum of 2. 
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Figure S17.  [bookmark: _Toc114606826]IR spectrum of 2.
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Figure S18.  [bookmark: _Toc114606827]1H NMR (600 MHz) spectrum of 2 in CD3OD.
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Figure S19.  [bookmark: _Toc114606828]13C NMR (150 MHz) spectrum of 2 in CD3OD. 
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Figure S20.  [bookmark: _Toc114606829]1H-1H COSY spectrum of 2 in CD3OD.
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Figure S21.  [bookmark: _Toc114606830]HSQC spectrum of 2 in CD3OD. 
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Figure S22.  [bookmark: _Toc114606831]HMBC spectrum of 2 in CD3OD.

[image: ][image: ]
Figure S23.  [bookmark: _Toc114606832]ROESY spectrum of 2 in CD3OD. 
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Figure S24.  [bookmark: _Toc114606833]HR-ESI-MS spectrum of 3.
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Figure S25.  [bookmark: _Toc114606834]UV spectrum of 3.
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Figure S26.  [bookmark: _Toc114606835]IR spectrum of 3.
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Figure S27.  [bookmark: _Toc114606836]1H NMR (600 MHz) spectrum of 3 in CD3OD. 
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Figure S28.  [bookmark: _Toc114606837]13C NMR (150 MHz) spectrum of 3 in CD3OD.
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Figure S29.  [bookmark: _Toc114606838]1H-1H COSY spectrum of 3 in CD3OD. 
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Figure S30.  [bookmark: _Toc114606839]HSQC spectrum of 3 in CD3OD.
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Figure S31.  [bookmark: _Toc114606840]HMBC spectrum of 3 in CD3OD. 
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Figure S32.  [bookmark: _Toc114606841]ROESY spectrum of 3 in CD3OD.
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Figure S33.  [bookmark: _Toc114606842]HR-ESI-MS spectrum of 4.
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Figure S34.  [bookmark: _Toc114606843]UV spectrum of 4. 
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Figure S35.  [bookmark: _Toc114606844]IR spectrum of 4. 
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Figure S36.  [bookmark: _Toc114606845]1H NMR (600 MHz) spectrum of 4 in CD3OD.
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Figure S37.  [bookmark: _Toc114606846]13C NMR (150 MHz) spectrum of 4 in CD3OD.
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Figure S38.  [bookmark: _Toc114606847]1H-1H COSY spectrum of 4 in CD3OD. 
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Figure S39.  [bookmark: _Toc114606848]HSQC spectrum of 4 in CD3OD.
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Figure S40.  [bookmark: _Toc114606849]HMBC spectrum of 4 in CD3OD.
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Figure S41.  [bookmark: _Toc114606850]ROESY spectrum of 4 in CD3OD. 
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Figure S42.  [bookmark: _Toc114606851]HR-ESI-MS spectrum of 5.
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Figure S43.  [bookmark: _Toc114606852]UV spectrum of 5.
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Figure S44.  [bookmark: _Toc114606853]IR spectrum of 5.
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Figure S45.  [bookmark: _Toc114606854]1H NMR (600 MHz) spectrum of 5 in CD3OD. 
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Figure S46.  [bookmark: _Toc114606855]13C NMR (150 MHz) spectrum of 5 in CD3OD.
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Figure S47.  [bookmark: _Toc114606856]1H-1H COSY spectrum of 5 in CD3OD. 
[image: ]
Figure S48.  [bookmark: _Toc114606857]HSQC spectrum of 5 in CD3OD.
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Figure S49.  [bookmark: _Toc114606858]HMBC spectrum of 5 in CD3OD. 
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Figure S50.  [bookmark: _Toc114606859]ROESY spectrum of 5 in CD3OD.
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Figure S51.  [bookmark: _Toc114606860]HR-ESI-MS spectrum of 6.
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Figure S52.  [bookmark: _Toc114606861]UV spectrum of 6.
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Figure S53.  [bookmark: _Toc114606862]IR spectrum of 6.
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Figure S54.  [bookmark: _Toc114606863]1H NMR (600 MHz) spectrum of 6 in CD3OD.
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Figure S55.  [bookmark: _Toc114606864]13C NMR (150 MHz) spectrum of 6 in CD3OD. 
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Figure S56.  [bookmark: _Toc114606865]1H-1H COSY spectrum of 6 in CD3OD.
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Figure S57.  [bookmark: _Toc114606866]HSQC spectrum of 6 in CD3OD. 
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Figure S58.  [bookmark: _Toc114606867]HMBC spectrum of 6 in CD3OD.

[image: ][image: ]
Figure S59.  [bookmark: _Toc114606868]ROESY spectrum of 6 in CD3OD.
[image: ][image: ]
Figure S60.  [bookmark: _Toc114606869]HR-ESI-MS spectrum of 7. 
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Figure S61.  [bookmark: _Toc114606870]UV spectrum of 7.
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Figure S62.  [bookmark: _Toc114606871]IR spectrum of 7.
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Figure S63.  [bookmark: _Toc114606872]1H NMR (600 MHz) spectrum of 7 in CD3OD.
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Figure S64.  [bookmark: _Toc114606873]13C NMR (150 MHz) spectrum of 7 in CD3OD.
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Figure S65.  [bookmark: _Toc114606874]1H-1H COSY spectrum of 7 in CD3OD.
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Figure S66.  [bookmark: _Toc114606875]HSQC spectrum of 7 in CD3OD.
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Figure S67.  [bookmark: _Toc114606876]HMBC spectrum of 7 in CD3OD.
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Figure S68.  [bookmark: _Toc114606877]ROESY spectrum of 7 in CD3OD.
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Figure S69.  [bookmark: _Toc114606878]HR-ESI-MS spectrum of 8.
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Figure S70.  [bookmark: _Toc114606879]UV spectrum of 8.
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Figure S71.  [bookmark: _Toc114606880]IR spectrum of 8. 
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Figure S72.  [bookmark: _Toc114606881]1H NMR (600 MHz) spectrum of 8 in CD3OD.
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Figure S73.  [bookmark: _Toc114606882]13C NMR (150 MHz) spectrum of 8 in CD3OD. 
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Figure S74.  [bookmark: _Toc114606883]1H-1H COSY spectrum of 8 in CD3OD.
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Figure S75.  [bookmark: _Toc114606884]HSQC spectrum of 8 in CD3OD. 
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Figure S76.  [bookmark: _Toc114606885]HMBC spectrum of 8 in CD3OD.
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Figure S77.  [bookmark: _Toc114606886]ROESY spectrum of 8 in CD3OD. 
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Figure S78.  [bookmark: _Toc114606887]HR-ESI-MS spectrum of 9.
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Figure S79.  [bookmark: _Toc114606888]UV spectrum of 9.
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Figure S80.  [bookmark: _Toc114606889]IR spectrum of 9.
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Figure S81.  [bookmark: _Toc114606890]1H NMR (600 MHz) spectrum of 9 in CD3OD. 
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Figure S82.  [bookmark: _Toc114606891]13C NMR (150 MHz) spectrum of 9 in CD3OD.
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Figure S83.  [bookmark: _Toc114606892]1H-1H COSY spectrum of 9 in CD3OD. 
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Figure S84.  [bookmark: _Toc114606893]HSQC spectrum of 9 in CD3OD.
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Figure S85.  [bookmark: _Toc114606894]HMBC spectrum of 9 in CD3OD. 
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Figure S86.  [bookmark: _Toc114606895]ROESY spectrum of 9 in CD3OD.
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Figure S87.  [bookmark: _Toc114606896]HR-ESI-MS spectrum of 10.
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Figure S88.  [bookmark: _Toc114606897]UV spectrum of 10.
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Figure S89.  [bookmark: _Toc114606898]IR spectrum of 10. 
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Figure S90.  [bookmark: _Toc114606899]1H NMR (600 MHz) spectrum of 10 in CD3OD.
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Figure S91.  [bookmark: _Toc114606900]13C NMR (150 MHz) spectrum of 10 in CD3OD.
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Figure S92.  [bookmark: _Toc114606901]1H-1H COSY spectrum of 10 in CD3OD.
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Figure S93.  [bookmark: _Toc114606902]HSQC spectrum of 10 in CD3OD. 
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Figure S94.  [bookmark: _Toc114606903]HMBC spectrum of 10 in CD3OD.
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Figure S95.  [bookmark: _Toc114606904]ROESY spectrum of 10 in CD3OD.
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Figure S96.  [bookmark: _Toc114606905]HR-ESI-MS spectrum of 11.
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Figure S97.  [bookmark: _Toc114606906]UV spectrum of 11.
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Figure S98.  [bookmark: _Toc114606907]IR spectrum of 11.
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Figure S99.  [bookmark: _Toc114606908]1H NMR (600 MHz) spectrum of 11 in CD3OD.
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Figure S100.  [bookmark: _Toc114606909]13C NMR (150 MHz) spectrum of 11 in CD3OD.
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Figure S101.  [bookmark: _Toc114606910]1H-1H COSY spectrum of 11 in CD3OD. 
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Figure S102.  [bookmark: _Toc114606911]HSQC spectrum of 11 in CD3OD.
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Figure S103.  [bookmark: _Toc114606912]HMBC spectrum of 11 in CD3OD. 
[image: ]
Figure S104.  [bookmark: _Toc114606913]ROESY spectrum of 11 in CD3OD.
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Figure S105.  [bookmark: _Toc114606914]HR-ESI-MS spectrum of 12.
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Figure S106.  [bookmark: _Toc114606915]UV spectrum of 12.
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Figure S107.  [bookmark: _Toc114606916]IR spectrum of 12. 
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Figure S108.  [bookmark: _Toc114606917]1H NMR (600 MHz) spectrum of 12 in CD3OD.
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Figure S109.  [bookmark: _Toc114606918]13C NMR (150 MHz) spectrum of 12 in CD3OD.
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Figure S110.  [bookmark: _Toc114606919]1H-1H COSY spectrum of 12 in CD3OD.
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Figure S111.  [bookmark: _Toc114606920]HSQC spectrum of 12 in CD3OD.
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Figure S112.  [bookmark: _Toc114606921]HMBC spectrum of 12 in CD3OD.
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Figure S113.  [bookmark: _Toc114606922]ROESY spectrum of 12 in CD3OD.
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Figure S114.  [bookmark: _Toc114606923]HR-ESI-MS spectrum of 13.
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Figure S115.  [bookmark: _Toc114606924]UV spectrum of 13.
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Figure S116.  [bookmark: _Toc114606925]IR spectrum of 13.
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Figure S117.  [bookmark: _Toc114606926]1H NMR (600 MHz) spectrum of 13 in CD3OD.
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Figure S118.  [bookmark: _Toc114606927]13C NMR (150 MHz) spectrum of 13 in CD3OD.
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Figure S119.  [bookmark: _Toc114606928]1H-1H COSY spectrum of 13 in CD3OD.
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Figure S120.  [bookmark: _Toc114606929]HSQC spectrum of 13 in CD3OD.
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Figure S121.  [bookmark: _Toc114606930]HMBC spectrum of 13 in CD3OD. 
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Figure S122.  [bookmark: _Toc114606931]ROESY spectrum of 13 in CD3OD.
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Figure S123.  [bookmark: _Toc114606932]HR-ESI-MS spectrum of 14.
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Figure S124.  [bookmark: _Toc114606933]UV spectrum of 14.
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Figure S125.  [bookmark: _Toc114606934]IR spectrum of 14. 
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Figure S126.  [bookmark: _Toc114606935]1H NMR (600 MHz) spectrum of 14 in CD3OD.
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Figure S127.  [bookmark: _Toc114606936]13C NMR (150 MHz) spectrum of 14 in CD3OD. 
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Figure S128.  [bookmark: _Toc114606937]1H-1H COSY spectrum of 14 in CD3OD.
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Figure S129.  [bookmark: _Toc114606938]HSQC spectrum of 14 in CD3OD. 
[image: ]
Figure S130.  [bookmark: _Toc114606939]HMBC spectrum of 14 in CD3OD.
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Figure S131.  [bookmark: _Toc114606940]ROESY spectrum of 14 in CD3OD. 
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Figure S132.  [bookmark: _Toc114606941]HR-ESI-MS spectrum of 15.
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Figure S133.  [bookmark: _Toc114606942]UV spectrum of 15.
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Figure S134.  [bookmark: _Toc114606943]IR spectrum of 15.
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Figure S135.  [bookmark: _Toc114606944]1H NMR (600 MHz) spectrum of 15 in CD3OD.
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Figure S136.  [bookmark: _Toc114606945]13C NMR (150 MHz) spectrum of 15 in CD3OD.
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Figure S137.  [bookmark: _Toc114606946]1H-1H COSY spectrum of 15 in CD3OD.
[image: ]
Figure S138.  [bookmark: _Toc114606947]HSQC spectrum of 15 in CD3OD.
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Figure S139.  [bookmark: _Toc114606948]HMBC spectrum of 15 in CD3OD.
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Figure S140.  [bookmark: _Toc114606949]ROESY spectrum of 15 in CD3OD. 

[image: ]
Figure S141.  [bookmark: _Toc114606950]1H NMR (600 MHz) spectrum of 16 in CD3OD.
[image: ]
Figure S142.  [bookmark: _Toc114606951]13C NMR (150 MHz) spectrum of 16 in CD3OD.
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Figure S143.  [bookmark: _Toc114606952]1H NMR (600 MHz) spectrum of 17 in CD3OD.
[image: ]
Figure S144.  [bookmark: _Toc114606953]13C NMR (150 MHz) spectrum of 17 in CD3OD.
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Figure S145.  [bookmark: _Toc114606954]1H NMR (600 MHz) spectrum of 18 in CD3OD.
[image: ]
Figure S146.  [bookmark: _Toc114606955]13C NMR (150 MHz) spectrum of 18 in CD3OD.


[bookmark: _Hlk100574604][bookmark: _Toc114606956]Text S1. Determination of the absolute configurations of the sugars.
The acid hydrolysis was adopted from reported method (Liu et al., 2020; Shen et al., 2020), compounds 10, 11, and 14 (each 1–2 mg) were dissolved in 2 M HCl (10 mL) and heated in a water bath at 80°C for 5 h. The reaction product was rotary evaporated under reduced pressure. Each residue was dissolved in H2O and extracted with EtOAc. Each aqueous solution was concentrated to dryness under reduced pressure. Then, pyridine (1 mL) and L-cysteine methyl ester hydro-chloride (2 mg) (Sigma-Aldrich, Darmstadt, Germany) were added to the residue, and the reaction mixture was heated at 60°C for 1 h. Isothiocyanate (2 mg) was added to the mixture and then heated at 60 ◦C for 1 h. The mixtures were analyzed by HPLC with column (Agilent Eclipse XDB-C18, 4.6 mm × 250 mm, 5 μm); flow rate is 0.8 mL/min; mobile phase (CH3CN-0.05% aq. HOAc, 25:75, v/v); The detection wavelength is 250 nm. The monosaccharide units of samples were determined to be L-Arabinose by comparison of the retention times (Rt) of monosaccharide derivatives with those of standard products: L-Arabinose (Rt: 19.75 min) and D-Arabinose (Rt: 23.96 min), respectively.
[bookmark: _Toc114606957]Text S2. α-Glucosidase inhibitory activity assay.
[bookmark: _Hlk99009309]The α-glucosidase inhibition assay was adopted from reported method (Perez et al., 2019; Zhou et al., 2021) with minor modifications. The test samples and p-nitrophenyl-α-D-glucopyranoside (p-NPG) were first dissolved in 1% DMSO and then diluted with phosphate buffered saline (PBS, pH = 6.9) to the desired concentration gradient. Separately, α-glucosidase was dissolved in PBS and diluted to 0.5 U/ mL. The test samples (50 μL), 0.5 U/mL α-glucosidase solution (50 μL), and PBS (50 μL) were incubated in 96-well plates at 37°C for 10 min. After adding 1 mM/ L p-NPG (50 μL) to each well, incubate at 37°C for 30 min. The α-glucosidase activities were measured at 410 nm with a microplate reader. Acarbose was selected as a positive control. The Inhibition rate (%) was calculated as follows:
Inhibition rate (%) = [1 - (ODsample – ODblank)/ ODcontrol] × 100 %
[bookmark: _Toc114606958]Text S3. Anti-inflammatory activity against COX-2
The COX-2 inhibitory activity assay was minor modified using Cyclooxygenase-2 (COX-2) inhibitor screening kit (Biyuntian Biotechnology Co., Ltd., P. R. China) according to previously reported methods (Shataer et al., 2021). Celecoxib was used as a positive control. The test samples were first dissolved in 1% DMSO and then diluted with COX-2 Assay Buffer to the desired concentration gradient (25 μmol/ L). The test samples, COX-2 Assay Buffer, COX-2 Cofactor working fluid and COX-2 working fluid were incubated in 96-well black plates at 37°C for 10 min (Table S4). Three replicate wells were set up for each sample. Set three replicate wells for each sample to be tested. 
Table S4. Amount of sample and each working solution added in 96-well black plate (μL)
	
	No-treatment Control
	100% enzyme control
	Positive control
	Sample

	COX-2 Assay Buffer
	80 μL
	75 μL
	75 μL
	75 μL

	COX-2 Cofactor working solvent
	5 μL
	5 μL
	5 μL
	5 μL

	COX-2 working solvent
	-
	5 μL
	5 μL
	5 μL

	Sample solventa
	5 μL
	5 μL
	-
	-

	Celecoxib solution
	-
	-
	5 μL
	-

	Test Samplesb
	-
	-
	-
	5 μL

	Incubate at 37°C for 10 minutes


aSample solvent refers to the reagent used to formulate and dilute the inhibitor to be tested.
Then, place the plate on ice, COX-2 Probe (5 μL) and COX-2 Substrate working solution (5 μL) were quickly added in turn and mixed. Fluorescence assays were performed after 5 min incubation at 37°C protected from light.The plate was then read by the Multifunctional microplate reader (Thermo Scientific, MA, USA) taking 560 nm as activation wavelength and 590 nm as the emission wavelength. The COX-2 inhibitory rate (100%) was calculated as follows:
Inhibition rate (%) = [(RFU100% enzyme control – RFUsample)/ (RFU100% enzyme control- RFU No-treatment Control)] × 100 %
[bookmark: _Toc114606959]Text S4. Cytotoxic activity assay.
[bookmark: _Hlk100575075]The following human tumor cell lines were used: gastric adenocarcinoma (BGC-823), breast carcinoma (MCF-7), colorectal carcinoma (HCT-116), and hepatocellular carcinoma (HepG-2) human tumor cell lines, which were purchased from Shanghai Fuheng Biotechnology Co., Ltd. (R. P. China). The cells were cultured in DMEM medium (Wuhan Proceeds Life Technology Co., Ltd., R. P. China) except for HCT-116 was cultured with McCoy’s 5A medium (Wuhan Proceeds Life Technology Co., Ltd., R. P. China), supplemented with 10% fetal bovine serum (FBS) (Gibco, Germany) at 37°C in a humidified atmosphere with 5% CO2. The four cancer cell lines were seeded with 8 × 103 cells per well in a 96-well culture plate. After 48 h incubation, the growth situation of cells was measured. The samples were added to the wells at concentrations of 2.5, 5.0, 10, 15, and 20 μM. The concentrations of paclitaxel were 0.0025, 0.005, 0.01, 0.015 and 0.02 μM. After 48 h incubation, the growth situation of cells was measured by MTT assay. The absorbance was measured at 490 nm with a full wavelength marker. Paclitaxel was used as the positive control. All experiments were of triplicate replicates.
Inhibition rate (%) = [1 - (ODsample – ODblank)/ ODcontrol] × 100 %


Reference
Liu, W., Deng, S. P., Zhou, D. X., Huang, Y., Li, C. G., Hao, L. L., Zhang, G. R., Su, S. S., Xu, X., Yang, R. Y., Li, J., Huang, X. S., 2020. 3,4-seco-Dammarane Triterpenoid Saponins with Anti-Inflammatory Activity Isolated from the Leaves of Cyclocarya paliurus. J. Agric. Food Chem. 68(7), 2041-2053.
Perez, J., L. , Jayaprakasha, G. K., Patil, B. S., 2019. Metabolite profiling and in vitro biological activities of two commercial bitter melon (Momordica charantia Linn.) cultivars. Food chem. 288, 178-186.
Shataer, D., Li, J., Duan, X. M., Liu, L., Xin, X. L., Aisa, H. A., 2021. Chemical Composition of the Hazelnut Kernel (Corylus avellana L.) and Its Anti-inflammatory, Antimicrobial, and Antioxidant Activities. J. Agric. Food Chem. 69(14), 4111-4119.
Shen, B. B., Chen, S. H., Zhou, Q., Jian, Y. Q., Daniyal, M., Sheng, W. B., Gong, L. M., Luo, D. X., Liu, B., Xu, G. M., Wang, W., 2020. Flavonoid glycosides from the rhizomes of Pronephrium penangianum. Phytochemistry 179, 112500.
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Empirical formula  C 30 H 48 O 4  
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Temperature/K  149.99(10)  

Crystal  system  monoclinic  
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γ/°  90  

Volume/Å 3  2739.1(2)  
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2Θ range for data collection/°  6.388 to 150.052  
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Largest diff. peak/hole / e Å - 3  0.46/ - 0.42  

Flack parameter  - 0.3(2)  
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image4.emf
X - ray   data and structure refinement for  18 .  

Empirical formula  C 31 H 52 O 5  

Formula weight  504.72  

Temperature/K  149.99(10)  

Crystal system  tetragonal  

Space group  P4 1 2 1 2  

a/Å  19.3567(2)  

b/Å  19.3567(2)  

c/Å  16.0224(3)  

α/°  90  

β/°  90  

γ/°  90  

Volume/Å 3  6003.30(17)  

Z  8  

ρ calc g/cm 3  1.117  

μ/mm - 1  0.578  

F(000)  2224.0  

Crystal size/mm 3  0.13 × 0.12 × 0.11  

Radiation  Cu Kα (λ = 1.54184)  

2Θ range  for data collection/°  6.458 to 133.17  

Index ranges  - 21 ≤ h ≤ 23,  - 23 ≤ k ≤ 20,  - 19 ≤ l ≤ 18  

Reflections collected  32912  

Independent reflections  5302 [R int   = 0.0326, R sigma   = 0.0186]  

Data/restraints/parameters  5302/48/356  

Goodness - of - fit on F 2  1.041  

Final R indexes [I>=2σ (I)]  R 1   = 0.0626, wR 2   = 0.1623  

Final R indexes [all data]  R 1   = 0.0680, wR 2   = 0.1679  

Largest diff. peak/hole / e Å - 3  0.45/ - 0.28  

Flack /Hooft   parameter  0.05(6) /0.02(6)  
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