SUPPLEMENTARY MATERIAL

New cytotoxic chalcone derivatives from Astragalus ponticus Pall.

Serkan Koldas a,*, Ibrahim Demirtas b, Dogukan Mutluc, Mehmet Nuri Atalard, Hakan Ünvere and Şevki Arslanc

a Department of Chemistry, Faculty of Science, Çankırı Karatekin University, Çankırı, Turkey
E-mail: serkan_koldas@yahoo.com
b Department of Biochemistry, Faculty of Science and Letters, Iğdır University, Iğdır, Turkey
c Department of Biology, Faculty of Science and Letters, Pamukkale University, Denizli, Turkey
d Department of Biochemistry, Faculty of Science and Letters, Iğdır University, Iğdır, Turkey
e Department of Chemistry, Faculty of Science, Eskişehir Technical University, Eskişehir, Turkey

Abstract

Astragalus ponticus Pall. species was investigated for its antiproliferative effects on HeLa cells. Two new chalcones (B5 and B8) along with eight known compounds (B1, B2, B3, B6, B7, B10, B14 and B15) were isolated by following bioactivity guided isolation methods. In addition, from non-active fraction, three cycloartane glycosides (B11, B12 and B13) were isolated. Molecular structures of these isolated compounds were revealed by using spectroscopic methods like MS, 1D and 2D NMR and a single crystal X-Ray diffraction analysis. New compounds B5 and B8 showed the highest antiproliferative activities against HeLa cells (IC50 values of 36.6 and 20.6 µM, respectively) while the rest showed high and low activities. Non-endemic species attract relatively low attention from the scientific community but this study demonstrates that valuable new compounds, which might be used as ingredients in medicinal preparations, can be obtained from these materials.
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Experimental Section

General
All the solvents used during the extraction and isolation procedures were technical grade and purified before use by distillation. Except these, analytical or HPLC grade solvents were used during analysis or p-HPLC studies. Deuterated solvents were purchased from Merck KGaA. p-TLC plates were prepared in our laboratory by mixing fine silica gel-60 (Merck KGaA) with distilled water (1:3 ratio) followed by distributing on a glass plate (20x20) and drying in an oven at 110 °C). Sephadex LH-20 and polyamide adsorbents, cell culture medium, fetal bovine serum and penicillin-streptomycin were purchased from Sigma-Aldrich.
1D and 2D NMR spectra were recorded on Agilent Premium Compact (600 MHz for 1H and 150 MHz for 13C). NMR FID files were analyzed by using MestReNova 11.0 software.
p-HPLC studies were carried on Shimadzu LC-20AR (using GL Sciences Intersil OD-3 column (5 µm, 20x150 mm)). MS spectra were recorded on Bruker rapifleX MALDI Tissutyper MALDI-ToF-MS (Bruker Daltonik GmbH, Bremen, Germany). MS-MS spectra were recorded on Agilent 6460 Triple Quad LC-MS/MS in positive and negative mode. FTIR spectra were recorded on Bruker Tensor II.
Single crystal x-ray analysis of B8 was performed on a Bruker APEX-II D8 Venture area diffractometer at room temperature (273.15 K) using Mo Kα radiation (λ=0.71073 Å) and data were integrated using Bruker SMART program [SMART, Bruker AXS, (2000)] using Olex2 (Dolomanov et al. 2009). The structure was solved with the ShelXT (Sheldrick 2015b) structure solution program using Intrinsic Phasing and refined with the ShelXL (Sheldrick 2015a) refinement package using Least Squares minimization. Molecular structure was drawn by using Mercury program (Macrae et al. 2006).

Plant material
Astragalus ponticus Pall. was collected in August 2015 from Eldivan district of Cankiri Province, Turkey (altitude: 1180 m; coordinates: 40 30 472 N, 33 31 032 E) and identified by herbalist Selçuk Tuğrul Körükçü of Ankara University (Herbarium number: 60503). The material was dried in a shady area away from direct sun light at room temperature. 




Extraction and chromatographic studies

Sample preparation for bio-guided fractionation
Whole body Astragalus ponticus Pall. samples were divided into three parts of root, stem and flower. 10 g samples of each plant part were extracted three times with MeOH:CHCl3 (1:1) mixture for 24 h at RT. After filtration and solvent removal, these samples were subjected to antiproliferative activity test against HeLa cells by using xCELLigence RTCA. As root of A. ponticus Pall. showed the highest activity, it was selected for further fractionation studies. Samples of root part was subjected to Silica gel 60 open column chromatography and eluted with hexane, dichloromethane, ethyl acetate and methanol. Then these fractions also tested for their antiproliferative activities against HeLa cells. And the most active ethyl acetate fraction was selected for further separation studies.
Next, 2.54 kg A. ponticus Pall. root was soaked in MeOH:CHCl3 (1:1) mixture and extracted for 3 days at RT. This was repeated for 3 times. After filtration and removal of the solvent under vacuum, 133 g of extract was obtained. This was dissolved with minimum amount of MeOH:CHCl3 (1:1), mixed with 168 g of Silica gel 60 and dried under vacuum. This silica gel/extract mixture was loaded onto a Silica gel 60 open column (h=50 cm, r=2.25 cm) and eluted with hexane (H), dichloromethane (D), ethyl acetate (EA) and methanol (M). Since the EA fraction showed the highest activity, elution with ethyl acetate was carried out in such a way to finally obtain seven fractions (F1 to F7). These seven fractions were tested for their activities against HeLa cells, and F2 (7.6 g), F7 (0.72 g) and F1 (6.0 g) were selected for isolation studies for their high activities.

Fractionation and isolation studies
F2 was loaded onto Sephadex LH-20 column and eluted with MeOH:CHCl3 (1:1) to finally obtain 50 sub-fractions. According to TLC profiles of these sub-fractions (data is not shown), these 50 subfractions were re-grouped to have 10 groups (G1 to G10). Elution of G5 (850 mg) on Sephadex-LH column with MeOH:CHCl3 (25:75) gave 70 fractions. B2, pendulone (2 mg), was obtained from Fr45-54 by using Sephadex LH-20 (EA:MeOH:H2O [100:20:1]). Application of Fr39-54 on a p-TLC plate (CHCl3:MeOH [10:1]) gave B1, 3-deoxysappanchalcone (7 mg). G6 (210 mg) was eluted on silica gel column and obtained two main groups, each with a major compound. First group was chromatographed on polyamide column (Toluene:MeOH [100:0→10:90]) and B5, 4-methoxy-2,3',4'-trihydroxychalcone (22 mg) was purified. From the second group, B6, isoliquiritigenin (14 mg), was isolated by application on
Sephadex LH-20 (CHCl3:MeOH [65:35]). G7 (600 mg) was loaded onto a silica gel column and eluted with CH2Cl2:MeOH (10:1.5) to give 60 fractions. B3, 2-(2,5-dihydroxybenzyl)-6-methoxyaurone (18 mg) was purified from fractions 19-24 by elution on Sephadex LH-20 (Hexane:Acetone:MeOH [4:8:1]).
F7 was loaded onto a silica gel column and eluted with CH2Cl2:MeOH (100:0→70:30) to give 75 fractions. B7, cyclogaleginoside B (6 mg) was isolated from the fractions 49-57 by silica gel column chromatography (CHCl3:MeOH [10:1]).
F1 was dissolved in MeOH and filtered. MeOH-soluble part was subjected to silica gel column chromatography (Hexane:Isopropyl alcohol [100:2.5]) to afford 60 fractions. Following the re-grouping of these fractions, applications on preparative HPLC gave B14, ergosterol peroxide (11 mg) (Fr 10-15); B15, millepurpan (10 mg) (Fr 26-29);
B10, isomuronulatol (30 mg) (Fr 35-50) and B8, 4',5-dihydroxy-2,2'dimethoxychalcone (6 mg) (Fr 35-50). 
In addition to this bioactivity guided isolation of compounds, methanol fraction of A. ponticus Pall root extract subjected to chromatographic studies. These studies gave B11, astraversianin II (113 mg); B12, astrasieversianin VI (18 mg) and B13, astragaloside I (33 mg), which were also tested for their antiproliferative activities against HeLa cells.

Preparative HPLC Method for Isolation of B8, B10, B14 and B15
Flow rate 5 mL/min., injection volume 2 mL. Solvent A: H2O, containing 0.1 formic acid; solvent B: MeOH. 0-60 min., 40% B; 60-75 min., increase to 100% B; 75-95 min., 100% B.

xCELLigence RTCA Method
xCELLigence analysis method used by Koldaş et al. (2015) was followed during the studies. Antiproliferative activity tests for extracts and sub-fractions were carried out against human cervical cancer cells (HeLa) in an incubator at 37 °C, 5% CO2 and 95% humidity conditions. For this, 50 µL of medium, consisting of DMEM, 10% fetal bovine serum and 2 % Penicillin-Streptomycin, was put to wells of E-plate 96, the plate was kept in the incubator for thermal balance and a background reading was recorded on xCELLigence RTCA instrument. Then 100 µL cell suspension (containing 25.000 cells) were added to the wells of the E-plate and it was kept for another 30 min. in the incubator for thermal balance and adherency of the cells on to the well bottom. After that, the E-plate was placed onto the RTCA instrument and first step of 80 min. was started. During this time, cells entered exponential growth phase. After completion of the first step, solutions of extracts and sub-fractions in medium were added to the wells to obtain concentrations of 250, 100, 50 and
10 µg/mL and final volumes were adjusted to 200 µL with medium. And as the second step, 48 h of analysis was started.

MTT End Point Method
MTT end point method used by Kavak et al. (2021) was followed. Antiproliferative activity tests for pure compounds were carried out by using MTT method. For this, cell suspensions were added to the wells of microplate to obtain 10.000 cell/well concentration and the microplate was incubated at 37 °C in an incubator under atmosphere of 5% CO2 and 95% humidity. Mediums in the wells were replaced after 24 h with fresh medium containing different concentrations of test compounds. After another incubation for 24 h, medium of the wells were replaced with fresh only medium (100 µL) and MTT solution (10 µL). After shaking at 150 rpm for 5 min. the plate was incubated at 37 °C for 4 hours. Then, supernatant of each well was removed, 500 µL DMSO was added to the wells and the microplate was shaken at 150 rpm for 5 min. Color intensity of formazan crystals were determined at 590 nm on a microplate reader. Studies were done as triplicates of three individual tests.  
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[bookmark: _Toc47684416][bookmark: _Toc43745268]Figure S1. MS-MS spectrum of B5.
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Figure S2. HRMS spectrum of B5.

[image: ]
Figure S3. Suggested MS-MS fragmentation products of B5.
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Figure S4. FTIR spectrum of compound B5.
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Figure S5. 1H NMR spectrum of compound B5 (CD3OD).
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Figure S6. 13C NMR spectrum of compound B5 (CD3OD).
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[bookmark: _Toc47684421][bookmark: _Toc43745273]Figure S7. DEPT spectrum of compound B5 (CD3OD).
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[bookmark: _Toc47684422][bookmark: _Toc43745274]Figure S8. HSQC spectrum of compound B5 (CD3OD).
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[bookmark: _Toc47684423][bookmark: _Toc43745275]Figure S9. COSY spectrum of compound B5 (CD3OD).
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[bookmark: _Toc47684424][bookmark: _Toc43745276]Figure S10. COSY interactions of compound B5 (CD3OD).
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[bookmark: _Toc47684425][bookmark: _Toc43745277]Figure S11. HMBC interactions-1 of compound B5 (CD3OD).
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[bookmark: _Toc47684426][bookmark: _Toc43745278]Figure S12. HMBC interactions-2 of compound B5 (CD3OD).
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[bookmark: _Toc47684427][bookmark: _Toc43745279]Figure S13. MS-MS spectrum of compound B8.
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Figure S14. HRMS spectrum of compound B8.
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[bookmark: _Toc47684428][bookmark: _Toc43745280] Figure S15. Suggested MS-MS fragmentation products of B8.
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Figure S16. FTIR spectrum of compound B8.
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[bookmark: _Toc47684430][bookmark: _Toc43745282]Figure S17. 1H NMR spectrum of compound B8 (CD3OD).
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[bookmark: _Toc47684431][bookmark: _Toc43745283]Figure S18. 13C NMR spectrum of compound B8 (CD3OD).
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[bookmark: _Toc47684432][bookmark: _Toc43745284]Figure S19. DEPT spectrum of compound B8 (CD3OD).
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[bookmark: _Toc47684433][bookmark: _Toc43745285]Figure S20. HSQC spectrum of compound B8 (CD3OD).
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Figure S21. COSY spectrum of compound B8 (CD3OD).
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[bookmark: _Toc47684435][bookmark: _Toc43745287]Figure S22. COSY interactions of compound B8 (CD3OD).
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[bookmark: _Toc47684436][bookmark: _Toc43745288]Figure S23. HMBC interactions-1 of compound B8 (CD3OD).
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[bookmark: _Toc47684437][bookmark: _Toc43745289]Figure S24. HMBC interactions-2 of compound B8 (CD3OD).
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Figure S25. HMBC interactions-3 of compound B8 (CD3OD).
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[bookmark: _Toc47684439][bookmark: _Toc43745291]Figure S26. HMBC interactions-4 of compound B8 (CD3OD).
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Figure S27. Intra- and intermolecular hydrogen bonding interactions of compound B8.
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Figure S28. Crystal packing structure of compound B8.

Table S1. Selected bond distances (Å), bond angles (º) of compound B8.
	Bond Distances (Å)
	Bond Angles (º)

	C(1)-O(1)        1.397
	C(1)-O(1)-C(2)          118.42

	C(2)-O(1)        1.367
	C(4)-C(5)-O(2)          122.72

	C(5)-O(2)        1.370
	C(9)-C(10)-O(3)        120.01

	C(10)-O(3)      1.257
	C(11)-C(12)-O(4)       121.78

	C(12)-O(4)      1.346
	C(14)-O(5)-C(17)       117.35

	C(14)-O(5)      1.362
	

	C(17)-O(5)      1.435
	



Table S2. Intra- and intermolecular hydrogen bonding interactions of compound B8.
	Hydrogen bonding interactions (Å)

	C(10)-O(3)-----H4               1.806 (intra-)

	C(10)-O(3)-----H2               1.964 (inter-)














Table S3. Crystal data and structure refinement for compound B8.
	Empirical formula                 
	C17H16O5

	Formula weight                    
	300.30

	Temperature
	273.15

	Wavelength   
	0.71073 Å

	Crystal system, space group      
	Orthorhombic, P212121

	Unit cell dimensions              
	a = 5.3442(2) Å      alpha =90
b = 8.6235(4) Å      beta = 90
c = 32.7470(15) Å  gamma = 90

	Volume          
	1509.17(11) A3

	Z, Calculated density             
	4, 1.322 Mg/m3

	Absorption coefficient            
	0.098 mm-1

	F(000)                            
	632

	Crystal size                      
	0.4 x 0.3 x 0.2 mm

	Theta range for data collection
	6.02 to 56.69 deg.

	Limiting indices                  
	-7 ≤ h ≤ 6, -11 ≤ k ≤ 11, -43 ≤ l ≤ 43

	Reflections collected / unique    
	27622/ 3750, [R(int) = 0.0273]

	Completeness to theta
	28.345    99.0 %

	Absorption correction             
	Integration

	Refinement method                 
	Full-matrix least-squares on F2

	Data / restraints / parameters    
	3750/0/203

	Goodness-of-fit on F2            
	1.025

	Final R indices [I>2sigma(I)]     
	R1 = 0.0449, wR2 = 0.1146

	R indices (all data)              
	R1 = 0.0565, wR2 = 0.1240

	Largest diff. peak and hole       
	0.12 and -0.22 e.A-3



The shortest bond distance is carbonyl group (C(10)-O(3)) measured as 1.257 Å. Two hydroxy group oxygen-carbon distances (C(5)-O(2) and C(12)-O(4)) are calculated as 1.370 and 1.346, respectively. From the packing structure, some intra- and intermolecular hydrogen bonding interactions are observed. The only intramolecular hydrogen bonding interaction is observed between C(10)-O(3)-----H4 atoms measured as 1.806 and one intermolecular hydrogen bonding interaction is observed between
C(10)-O(3)-----H2 atoms with 1.964 Å bond distances. All measured bond distances are in the range of literature values and found to be in agreement with published data (Muthuraja et al. 2016).






[bookmark: _Toc47628602]3-Deoxysappanchalcone (B1) (Yield: 0.28 mg/100 g plant material). 1H NMR (600 MHz, Methanol-d4) δ 7.60 – 7.53 (m, 2H, H-6', H-β), 7.50 (d, 8.6 Hz, 2H, H-2, H-6), 7.42 (d, 15.7 Hz, 1H, H-α), 6.81 (d, 8.6 Hz, 2H, H-3, H-5), 6.51 (d, 2.2 Hz, 1H, H-3'), 6.45 (dd, 8.5, 2.2 Hz, 1H, H-5'), 3.89 (s, 3H, -OCH3). 13C NMR (151 MHz, Methanol-d4) δ 191.6 (C=O), 163.2 (C-2'), 161.0 (C-4'), 159.8 (C-4), 142.6 (C-β), 132.3 (C-6'), 129.9 (C-2, C-6), 126.5 (C-1), 123.6 (C-α), 120.2 (C-1'), 115.4 (C-3, C-5), 107.5 (C-5'), 98.6 (C-3'), 54.6 (-OCH3). All data is in accordance with (Achenbach et al. 1988).

Table S4. 1H and 13C NMR data for B1 (CD3OD).
	No
	δC (ppm)
	δH (ppm) (J, Hz)

	1
	126.5
	-

	2-6
	129.9
	7.50 (d, 8.6)

	3-5
	115.4
	6.81 (d, 8.6)

	4
	159.8
	-

	1'
	120.2
	-

	2'
	163.2
	-

	3'
	98.6
	6.51 (d, 2.2)

	4'
	161.0
	-

	5'
	107.5
	6.45 (dd, 8.5, 2.2)

	6'
	132.3
	7.57 (overlapped)

	C2'-OCH3
	54.6
	3.89 (s)

	C=O
	191.6
	-

	α-C
	123.6
	7.42 (d, 15.7)

	β-C
	142.6
	7.56 (overlapped)


[bookmark: _Toc44009342][bookmark: _Toc47628455]
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[bookmark: _Toc44009343][bookmark: _Toc47628456]Figure S29. 1H NMR spectrum of B1 (CD3OD).
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Figure S30. 13C NMR spectrum B1 (CD3OD).
Pendulone (B2) (Yield: 0.8 mg/100 g plant material). 1H NMR (600 MHz, Chloroform-d) δ 6.90 (d, 8.2 Hz, 1H, H-5), 6.40 (dd, 8.2, 2.6 Hz, 1H, H-6), 6.36 (s, 1H, H-6'), 6.32 (d, 2.6 Hz, 1H, H-8), 4.24 (ddd, 10.8, 3.1, 1.0 Hz, 1H, H-2a/b), 4.07 – 4.02 (m, 1H, H-2a/b), 4.02 (s, 3H, C3'-OCH3), 4.01 (s, 3H, C4'-OCH3), 3.43 (tt, 5.9, 2.7 Hz, 1H, C-3), 3.03 (dd, 16.0, 6.0 Hz, 1H, H-4a/b), 2.70 (dd, 16.1, 6.7 Hz, 1H, H-4a/b). 13C NMR (151 MHz, Chloroform-d) δ 183.9 (C-2'), 183.4 (C-5'), 155.1 (C-9), 154.7 (C-7), 146.5 (C-1'), 145.0 (C-3'), 144.6 (C-4'), 130.9 (C-6'), 130.3 (C-5), 112.2 (C-10), 108.7 (C-6), 103.6 (C-8), 68.1 (C-2), 61.3 (C3'-OCH3), 61.1 (C4'-OCH3), 30.7 (C-3), 28.9 (C-4). All data is in accordance with (Rahman et al. 2011).

[bookmark: _Toc47628603]Table S5. 1H and 13C NMR data for B2 (CDCl3).
	No
	δ C (ppm)
	δ H  (ppm) (J, Hz)

	2
	68.1
	4.07 - 4.02 (m)
4.24 (ddd, 10.8, 3.1, 1.0)

	3
	30.7
	3.43 (tt, 5.9, 2.7)

	4
	28.9
	2.70 (dd, 16.0, 6.7 Hz)
3.03 (dd, 16.0, 6.0 Hz)

	5
	130.3
	6.90 (d, 8,2)

	6
	108.7
	6.40 (dd, 2.6, 8.2)

	7
	154.7
	-

	8
	103.6
	6.32 (d, 2.6)

	9
	155.1
	-

	10
	112.2
	-

	1'
	146.5
	-

	2'
	183.9
	-

	3'
	145.0
	-

	4'
	144.6
	-

	5'
	183.4
	-

	6'
	130.9
	6.36 (s)

	C3'-OCH3
	61.3
	4.01 (s)

	C4'-OCH3
	61.1
	4.02 (s)
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[bookmark: _Toc44009345][bookmark: _Toc47628458][bookmark: _Toc44009346][bookmark: _Toc47628459]Figure S31. 1H NMR spectrum of B2 (CDCl3).
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Figure S32. 13C NMR spectrum of B2 (CDCl3).
2-(2,5-Dihydroxybenzyl)-6-methoxyaurone (B3) (Yield: 0.71 mg/100 g plant material). 1H NMR (600 MHz, DMSO-d6) δ 9.69 (s, 1H, C2'-OH), 8.99 (s, 1H, C5'-OH), 7.68 (d, 8.5 Hz, 1H, H-4)), 7.54 (d, 2.9 Hz, 1H, H-6'), 7.07 (m, 2H, H-7, H-10), 6.85 (dd, 8.6, 2.1 Hz, 1H, H-5),  6.75 (d, 8.7 Hz, 1H, H-3'), 6.71 (dd, 8.7, 2.9 Hz, 1H, H-4'), 3.91 (s, 3H, C6-OCH3). 13C NMR (151 MHz, DMSO-d6) δ 181.9 (C-3), 168.1 (C-8), 167.6 (C-6), 150.9 (C-2'), 150.3 (C-5'), 146.9 (C-2), 125.8 (C-4), 119.7 (C-4'), 119.3 (C-1'), 116.8 (3'), 116.6 (C-6'), 114.5 (C-9), 113.0 (C-5), 106.2 (C-10), 97.3 (C-7), 56.8 (C6-OCH3). All data is in accordance with (Xiao et al. 2014).

[bookmark: _Toc47628604]Table S6. 1H and 13C NMR data for B3 (DMSO-d6).
	No
	δC (ppm)
	δH (ppm) (J, Hz)

	2
	146.9
	-

	3
	181.9
	-

	4
	125.8
	7.68 (d, 8.6)

	5
	113.0
	6.85 (dd, 8.6, 2.1)

	6
	167.6
	-

	7
	97.3
	7.07 (overlapped)

	8
	168.1
	-

	9
	114.5
	-

	10
	106.2
	7.07 (overlapped)

	1'
	119.3
	-

	2'
	150.9
	-

	3'
	116.8
	6.75 (d, 8.7)

	4'
	119.7
	6.71 (d, 8.7, 2.9)

	5'
	150.3
	-

	6'
	116.6
	7.54 (d, 2.9)

	C6-OCH3
	56.8
	3.91 (s)

	C2'-OH
	-
	9.69 (s)

	C5'-OH
	-
	8.99 (s)
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[bookmark: _Toc44009348][bookmark: _Toc47628461][bookmark: _Toc44009349][bookmark: _Toc47628462]Figure S33. 1H NMR spectrum of B3 (DMSO-d6).
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Figure S34. 13C NMR spectrum of compound B3 (DMSO-d6).
Isoliquiritigenin (B6) (Yield: 0.55 mg/100 g plant material). 1H NMR (600 MHz, Methanol-d4) δ 7.98 (dd, 8.9, 2.6 Hz, 1H, H-6'), 7.79 (dd, 15.3, 2.6 Hz, 1H, H-β), 7.67 – 7.57 (m, 3H, H-α, H-2, H-6), 6.84 (dd, 8.6, 2.6 Hz, 2H, H-3, H-5), 6.41 (dd, 8.9, 2.6, 1H, H-5'), 6.28 (d, 2.6 Hz, 1H, H-3'). 13C NMR (151 MHz, Methanol-d4) δ 192.0 (C=O), 166.1 (C-4'), 164.9 (C-2'), 160.1 (C-4), 144.2 (C-β), 131.9 (C-6'), 130.4 (C-2, C-6), 126.3 (C-1), 116.8 (C-α), 115.4 (C-3, C-5), 113.2 (C-1'), 107.6 (C-5'), 102.3 (C-3'). All data is in accordance with (Veitch et al. 2003).

[bookmark: _Toc47628605]Table S7. 1H and 13C NMR data for B6 (CD3OD)
	No
	δC (ppm)
	δH (ppm) (J, Hz)

	1
	126.3
	-

	2-6
	130.4
	7.57 (d, 8.6)

	3-5
	115.4
	6.84 (d, 8.6)

	4
	160.1
	-

	1'
	113.2
	-

	2'
	164.9
	-

	3'
	102.3
	6.28 (d, 2.6)

	4'
	166.1
	-

	5'
	107.6
	6.41 (dd, 8.9, 2.6)

	6'
	131.9
	7.98 (d, 8.9)

	C=O
	192.0
	-

	α-C
	116.8
	7.63 (15.3)

	β-C
	144.2
	7.79 (15.3)
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[bookmark: _Toc44009351][bookmark: _Toc47628464][bookmark: _Toc44009352][bookmark: _Toc47628465]Figure S35. 1H NMR spectrum of B6 (CD3OD).
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Figure S36. 13C NMR spectrum of B6 (CD3OD).
Cyclogaleginoside B (B7) (Yield: 0.24 mg/100 g plant material). 1H NMR (600 MHz, Methanol-d4) δ 4.26 (d, 6.5, 1H, H-1'), 3.81 (m, 1H, H-5'), 3.75 (m, 1H, H-24), 3.45 (m, 1H, H-4'), 3.44 (m, 1H, H-6), 3.28 (m, 1H, H-3'), 3.19 (m, 1H, H-3), 3.18 (m, 1H, H-2'), 3.16 (m, 1H, H-5'), 1.25 (s, 3H, H-26), 1.20 (s, 3H, H-21), 1.11 (s, 3H, H-27), 0.99 (s, 3H, H-28), 0.54 (bs, 1H, H-19), 0.38 (bs, 1H, H-19). 13C NMR (151 MHz, Methanol-d4) δ 106.0 (C-1'), 88.4 (C-3), 86.9 (C-20), 81.1 (C-24), 76.5 (C-3'), 74.0 (C-2'), 71.0 (C-25), 69.8 (C-4'), 68.1 (C-6), 65.2 (C-5'), 30.8 (C-19), 27.0 (C-21), 26.2 (C-26), 25.2 (C-27), 19.1 (C-28). All data is in accordance with (Wang and Chen 2017).

[bookmark: _Toc47628606]Table S8. 1H and 13C NMR data for B7 (CD3OD).
	No
	δ C (ppm)
	δ H (ppm) (J, Hz)

	3
	88.4
	3.19 (m)

	6
	68.1
	3.44 (m)	

	19
	30.8
	0.38 (bs) - 0.54 (bs)

	20
	86.9
	-

	21
	27.0
	1.20 (s)

	24
	81.1
	3.75 (m)

	25
	71.0
	-

	26
	26.2
	1.25 (s)

	27
	25.2
	1.11 (s)

	28
	19.1
	0.99 (s)

	1'
	106.0
	4.26 (d, 6.5)

	2'
	74.0
	3.18 (m)

	3'
	76.5
	3.28 (m)

	4'
	69.8
	3.45 (m)

	5'
	65.2
	3.16 (m) - 3.81 (m)
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[bookmark: _Toc44009354][bookmark: _Toc47628467][bookmark: _Toc44009355][bookmark: _Toc47628468]Figure S37. 1H NMR spectrum of B7 (CD3OD).
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Figure S38. 13C NMR spectrum of B7 (CD3OD).
Isomucronulatol (B10) (Yield: 1.18 mg/100 g plant material). 1H NMR (600 MHz, Methanol-d4) δ 6.93-6.82 (m, 1H, H-5), 6.77 (d, 8.6 Hz, 1H, H-6'), 6.45 (d, 8.6 Hz, 1H, H-5'), 6.30 (dt, 8.2, 1.6 Hz, 1H, H-6), 6.21 (d, 2.5 Hz, 1H, H-8), 4.22 (ddd, 10.3, 3.4, 2.0 Hz, 1H, H-2a), 3.95 (t, 10.1 Hz, 1H, H-2b), 3.80 (d, 0.9 Hz, 3H, C3'-OCH3), 3.78 (d, 0.8 Hz, 3H, C4'-OCH3), 3.50-3.37 (m, 1H, H-3), 2.93 (dd, 15.5, 10.8 Hz, 1H, H-4a), 2.79 (ddd, 15.7, 5.2, 1.9 Hz, 1H, H4b). 13C NMR (151 MHz, Methanol-d4) δ 156.1 (C-7), 154.9 (C-9), 151.6 (C4'), 148.1 (C-2'), 136.0 (C-3'), 129.7 (C-5), 121.3 (C-6'), 120.9 (C-1'), 113.3 (C-10), 107.5 (C-6), 102.8 (C-5'), 102.3 (C-8), 69.5 (C-2), 59.6 (C4'-OCH3), 54.7 (C3'-OCH3), 32.1 (C-3), 29.8 (C-4). All data is in accordance with (Guo et al. 2016).

[bookmark: _Toc47628607]Table S9. 1H and 13C NMR data for B10 (CD3OD).
	No
	δC (ppm)
	δH (ppm) (J, Hz)

	2a
2b
	69.5
	4.22 (ddd, 10.3, 3.4, 1.9)
3.95 (t, 10.3)

	3
	32.1
	3.44 (tt, 4.25, 10.3)

	4a
4b
	29.8
	2.93 (dd, 15.5, 10.8)
2.79 (ddd, 15.5, 5.2, 1.9)

	5
	129.7
	6.86 (d, 8.2)

	6
	107.5
	6.30 (dd, 8.2, 2.5)

	7
	156.1
	-

	8
	102.3
	6.21 (d, 2.5)

	9
	154.9
	-

	10
	113.3
	-

	1'
	120.9
	-

	2'
	148.1
	-

	3'
	136.0
	-

	4'
	151.6
	-

	5'
	102.8
	6.45 (d, 8.6)

	6'
	121.3
	6.77 (d, 8.6)

	C3'-OCH3
	54.7
	3.80 (s)

	C4'-OCH3
	59.6
	3.78 (s)
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[bookmark: _Toc47628470][bookmark: _Toc47628471]Figure S39. 1H NMR spectrum of B10 (CD3OD).
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Figure S40. 13C NMR spectrum of B10 (CD3OD).
[bookmark: _Toc47628608]Astrasieversianin II (B11) (Yield: 4.45 mg/100 g plant material). 1H NMR (600 MHz, Methanol-d4) δ 4.95 (t, 9.4, 1H, H-3'), 4.77 (dd, 7.9, 9.4, 1H, H-2'), 4.65 (m, 1H, H-16), 4.54 (d, 7.9, 1H, H-1'), 4.26 (d, 7.3, 1H, H-1''), 3.88 (dd, 5.5, 11.5, 1H, H-5'a/b), 3.80 (dd, 5.2, 11.5, 1H, H-5''a/b), 3.75 (dd, 5.8, 8.4, 1H, H-24), 3.70 (m, 1H, H-4'), 3.49 (m, 1H, H-6), 3.45 (m, 1H, H-4''), 3.29 (m, 1H, H5'a/b), 3.27 (m, 1H, H3''), 3.19 (m, 1H, H-3), 3.15 (m, 2H, H2'', H-5''a/b), 2.60 (q, 10.8, 1H, H-22a/b), 2.35 (d, 7.8, 1H, H-17), 2.01 (s, 3H, C3'-CH3), 2.00 (s, 3H, C2'-CH3),  1.97 (m, 1H, H-15a/b), 1.91 (m, 1H, H-2a/b), 1.87 (m, 2H, H-8), 1.78 (m, 2H, H-7), 1.66 (m, 2H, H-12), 1.63 (m, 1H, H-2a/b),  1.60 (m, 2H, H-5, H22a/b), 1.53 (m, 1H, H1a/b), 1.36 (m, 2H, H-11a/b, H-15a/b), 1.25 (s, 3H, H-26), 1.24 (m, 1H, H-1a/b), 1.23 (s, 3H, H-18), 1.19 (s, 3H, H-21), 1.15 (s, 3H, H-28), 1.11 (s, 3H, H-27), 1.00 (s, 3H, H-30), 0.88 (s, 3H, H-29), 0.55 (d, 4.5, 1H, H-19a/b), 0.23 (d, 4.5, 1H, H-19a/b). 13C NMR (151 MHz, Methanol-d4) δ 170.7 (C3'-C=O), 170.0 (C2'-C=O), 104.0 (C-1''), 103.2 (C-1'), 88.8 (C-3), 87.0 (C-20), 81.1 (C-24), 77.9 (C-6), 76.7 (C-3''), 75.5 (C-3'), 74.0 (C-2''), 73.1 (C-16), 72.2 (C-2'), 71.0 (C-25), 69.7 (C-4''), 67.9 (C-4'), 65.2 (C-5''), 65.1 (5'), 57.4 (C-17), 51.4 (C-5), 45.6 (C-13), 44.7 (C-8), 44.6 (C-13, C-15), 41.3 (C-4), 34.0 (C-22), 33.1 (C-7), 32.7 (C-12), 31.2 (C-1), 28.7 (C-2), 28.2 (C-10), 27.4 (C-19), 27.0 (C-21), 26.7 (C-28), 26.1 (C-26), 25.6 (C-11), 25.3 (C-23), 25.2 (C-27), 20.6 (C-9), 19.6 (C-18), 19.5 (C2'-CH3), 19.3 (C3'-CH3), 18.6 (C-30), 15.1 (C-29). All data is in accordance with (Tabanca et al. 2005).
















Table S10. 1H and 13C NMR data for B11 (CD3OD).
	No
	δ C (ppm)
	δ H (pm) (J, Hz)

	1
	31.2
	1.24 (m) - 1.53 (m)

	2
	28.7
	1.63 (m) - 1.91 (m)

	3
	88.8
	3.19 (m)

	4
	41.3
	-

	5
	51.4
	1.60 (m)

	6
	77.9
	3.49 (m)	

	7
	33.1
	1.78 (m)

	8
	44.7
	1.87 (m)

	9
	20.6
	-

	10
	28.2
	-

	11
	25.6
	1.36 (m) - 1.87 (m)

	12
	32.7
	1.66 (m)

	13
	44.6
	-

	14
	45.6
	-

	15
	44.6
	1.36 (m) - 1.97 (m)

	16
	73.1
	4.65 (m)

	17
	57.4
	2.35 (d, 7.8)

	18
	19.6
	1.23 (s)

	19
	27.4
	0.23 (d, 4.5) - 0.55 (d, 4.5)

	20
	87.0
	-

	21
	27.0
	1.19 (s)

	22
	34.0
	1.60 (m) - 2.60 (q, 10.8)

	23
	25.3
	2.01 (m)

	24
	81.1
	3.75 (dd, 5.8, 8.4)

	25
	71.0
	-

	26
	26.1
	1.25 (s)

	27
	25.2
	1.11 (s)

	28
	26.7
	1.15 (s)

	29
	15.1
	0.88 (s)

	30
	18.6
	1.00 (s)

	1'
	103.2
	4.54 (d, 7.9)

	2'
	72.2
	4.77 (dd, 7.9, 9.4)

	3'
	75.5
	4.95 (t, 9.4)

	4'
	67.9
	3.70 (m)

	5'
	65.1
	3.29 (m), 3.88 (dd, 5.5, 11.5)

	2'-CH3
	19.5
	2.00 (s)

	2' –C=O
	170.0
	-

	3' -CH3
	19.3
	2.01 (s)

	3' –C=O
	170.7
	-

	1''
	104.0
	4.26 (d, 7.3)

	2''
	74.0
	3.15 (m)

	3''
	76.7
	3.27 (m)

	4''
	69.7
	3.45 (m)

	5''
	65.2
	3.15 (m), 3.80 (dd, 5.2, 11.5)
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[bookmark: _Toc44009357][bookmark: _Toc47628473][bookmark: _Toc44009358][bookmark: _Toc47628474]Figure S41. 1H NMR spectrum of B11 (CD3OD).
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Figure S42. 13C NMR spectrum of B11 (CD3OD).
Astrasieversianin VI (B12) (Yield: 0.71 mg/100 g plant material). 1H (600 MHz, Methanol-d4) δ 4.70 (dd, 7.9, 9.5, 1H, H-2'), 4.65 (m, 1H, H-16), 4.41 (d, 7.9, 1H, H-1'), 4.27 (d, 7.3, 1H, H-1''), 3.84 (m, 1H, H-5'a/b), 3.81 (m, 1H, H-5''a/b), 3.75 (dd, 5.6, 8.5, 1H, H-24), 3.53 (m, 1H, H-4'), 3.48 (m, 1H, H-6), 3.45 (m, 1H, H-4''), 3.43 (t, 9.4, 1H, H-3'), 3.28 (m, 1H, H-3''), 3.20 (m, 1H, H-5'a/b), 3.15 (m, 3H, H-3, H-2'', H-5''a/b), 2.60 (q, 10.8, 1H, H-22a/b), 2.36 (d, 7.8, 1H, H-17), 2.08 (s, 3H, C2'-CH3), 2.03 (m, 1H, H-23), 1.98 (m, 1H, H-15a/b), 1.91 (m, 1H, H-2a/b), 1.87 (m, 2H, H-8, H-11), 1.78 (m, 2H, H-7, H-7), 1.66 (m, 2H, H-12), 1.62 (m, 2H, H-2a/b, H-22a/b), 1.60 (m, 1H, H-5),1.52 (m, 1H, H-1a/b), 1.37 (m, 2H, H-11a/b, H-15a/b), 1.25 (m, 4H, H-1a/b, H-27), 1.23 (s, 3H, H-18), 1.19 (s, 3H, H-21), 1.16 (s, 3H, H-29), 1.12 (s, 3H, H-26), 1.01 (s, 3H, H-30), 0.88 (s, 3H, H-28), 0.55 (d, 4.5, 1H, H-19a/b), 0.23 (d, 4.5, 1H, H-19a/b). 13C NMR (151 MHz, Methanol-d4) δ 170.5 (C2'-C=O), 104.0 (C-1''), 103.7 (C-1'), 88.5 (C-3), 87.0 (C-20), 81.1 (C-24), 77.9 (C-6), 76.6 (C-3''), 74.7 (C-3'), 74.2 (C-2'), 74.0 (C-2''), 73.1 (C-16), 71.0 (C-25), 69.8 (C-4'), 69.7 (C-4''), 65.4 (C-5'), 65.3 (C-5''), 57.3 (C-17), 51.4 (C-5), 45.5 (C-14), 44.6 (C-8), 44.5 (C-13, C-15), 41.3 (C-4), 34.0 (C-22), 33.1 (C-7), 32.7 (C-12), 31.2 (C-1), 28.8 (C-2), 28.1 (C-10), 27.3 (C-19), 27.1 (C-21), 26.7 (C-29), 26.2 (C-27), 25.6 (C-11), 25.4 (C-23), 25.2 (C-26), 20.6 (C-9), 19.9 (C2'-CH3), 19.6 (C-18), 18.7 (C-30), 15.1 (C-28). All data is in accordance with (Tabanca et al. 2005).
















[bookmark: _Toc47628609]Table S11. 1H and 13C NMR data for B12 (CD3OD).
	No
	δ C (ppm)
	δ H (ppm) (J, Hz)

	1
	31.2
	1.25 ( m) - 1.52 (m)

	2
	28.8
	1.62 (m) - 1.91 (m)

	3
	88.5
	3.15 (m)

	4
	41.3
	-

	5
	51.4
	1.60 (m)

	6
	77.9
	3.48 (m)

	7
	33.1
	1.78 (m)

	8
	44.6
	1.87 (m)

	9
	20.6
	-

	10
	28.1
	-

	11
	25.6
	1.37 (m) - 1.87 (m)

	12
	32.7
	1.66 (m)

	13
	44.5
	-

	14
	45.5
	-

	15
	44.5
	1.37 (m) - 1.98 (m)

	16
	73.1
	4.65 (m)

	17
	57.3
	2.36 (d, 7.8)

	18
	19.6
	1.23 (s)

	19
	27.3
	0.23 (d, 4.5) - 0.55 (d, 4.5)

	20
	87.0
	-

	21
	27.1
	1.19 (s)

	22
	34.0
	1.62 (m) - 2.60 (q, 10.8)

	23
	25.4
	2.03 (m)

	24
	81.1
	3.75 (dd, 5.6, 8.5)

	25
	71.0
	-

	26
	25.2
	1.12 (s)

	27
	26.2
	1.25 (s)

	28
	15.1
	0.88 (s)

	29
	26.7
	1.16 (s)

	30
	18.7
	1.01 (s)

	1'
	103.7
	4.41 (d, 7.9)

	2'
	74.2
	4.70 (dd, 7.9, 9.5) 

	3'
	74.7
	3.43 (t, 9.4)

	4'
	69.8
	3.53 (m)

	5'
	65.4
	3.20 (m) - 3.84 (m)

	2'-CH3
	19.9
	2.08 (s)

	2' -C=O
	170.5
	-

	1''
	104.0
	4.27 (d, 7.3)

	2''
	74.0
	3.15 (m)

	3''
	76.6
	3.28 (m)

	4''
	69.7
	3.45 (m)

	5''
	65.3
	3.15 (m) - 3.81 (m)
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[bookmark: _Toc44009359][bookmark: _Toc47628475][bookmark: _Toc44009360][bookmark: _Toc47628476]Figure S43. 1H NMR spectrum of B12 (CD3OD).
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Figure S44. 13C NMR spectrum of B12 (CD3OD).
Astragaloside I (B13) (Yield: 1.30 mg/100 g plant material). 1H NMR (600 MHz, Methanol-d4) δ 4.97 (t, 9.4, 1H, H-3'), 4.78 (dd, 7.8, 9.4, 1H, H-2'), 4.63 (q, 7.4, 7.4, 7.5, 1H, H-16),  4.30 (d, 7.7, 1H, H-1''), 3.88 (dd, 5.4, 11, 1H, H-5'a/b), 3.81 (dd, 2.2, 11, 1H, H-6''a/b), 3.75 (dd, 5.8, 8.4, 1H, H-24), 3.69 (m, 1H, H-4'), 3.64 (dd, 5.4, 11, 1H, H-6''a/b), 3.50 (m, 1H, H-6), 3.30 (m, 1H, H-3''), 3.29 (m, 1H, H-5'a/b), 3.26 (m, 1H, H-4''), 3.23 (m, 1H, H-5''), 3.19 (m, 1H, H-3), 3.16 (m, 1H, H-2''), 2.60 (q, 10.8, 1H, H-22a/b), 2.35 (d, 7, 1H, H-17), 2.02 (m, 4H, H-15a/b, C3'-CH3), 2.00 (s, 3H, C2'-CH3), 1.91 (m, 2H, H-2a/b, H-11a/b), 1.90 (m, 1H, H-7a/b), 1.83 (d, 4.7, 10.2, 1H, H-8), 1.66 (m, 1H, H-12a/b), 1.62 (m, 1H, H-2a/b), 1.61 (m, 1H, H-22a/b), 1.60 (m, 2H, H-5), 1.57 (m, 1H, H-12a/b),1.52 (m, 1H, H-1a/b), 1.36 (m, 1H, 15a/b), 1.30 (m, 1H, H-11a/b), 1.25 (s, 3H, H-27), 1.24 (m, 1H, H-1a/b), 1.23 (s, 3H, H-18), 1.19 (s, 3H, H-21), 1.11 (s, 3H, H-26), 1.00 (s, 3H, H-30), 0.89 (s, 3H, H-28), 0.57 (d, 4.4, 1H, H-19), 0.25 (d, 4.4, 1H, H-19). 13C NMR (151 MHz, Methanol-d4) δ 170.7 (C3'-C=O), 170.0 (C2'-C=O), 103.5 (C-1''), 103.2 (C-1'), 88.9 (C-3), 87.0 (C-20), 81.1 (C-24), 78.6 (C-6), 77.2 (C-3''), 76.2 (C-5''), 75.5 (C-3'), 74.2 (C-2''), 73.2 (C-16), 72.2 (C-2'), 71.0 (C-25), 70.3 (C-4''), 67.9 (C-4'), 65.1 (C-5'), 61.5 (C-6'), 57.5 (C-17), 51.7 (C-5), 45.6 (C-14), 45.3 (C-8), 44.7 (C-15), 44.5 (C-13), 41.3 (C-4), 34.0 (C-22), 33.7 (C-7), 32.7 (C-12), 31.3 (C-1), 28.7 (C-2), 28.4 (C-10), 28.3 (C-19), 27.0 (C-29), 26.9 (C-21), 26.2 (C-27), 25.5 (C-11), 25.3 (C-23), 25.2 (C-26), 20.7 (C-9), 19.9 (C-18), 19.5 (C2'-CH3), 19.4 (C3'-CH3), 18.8 (C-30), 15.1 (C-28). All data is in accordance with (Zheng et al. 2015).















[bookmark: _Toc47628610]Table S12. 1H and 13C NMR data for B13 (CD3OD).
	No
	δ C (ppm)
	δ H (ppm) (J, Hz)

	1
	31.3
	1.24 ( m) - 1.52 (m)

	2
	28.7
	1.62 (m) - 1.91 (m)

	3
	88.9
	3.19 (m)

	4
	41.3
	-

	5
	51.7
	1.60 (m)

	6
	78.6
	3.50 (m)

	7
	33.7
	1.60 (m) - 1.90 (m)

	8
	45.3
	1.83 (d, 4.7, 10.2)

	9
	20.7
	-

	10
	28.4
	-

	11
	25.5
	1.30 (m) - 1.91 (m)

	12
	32.7
	1.57 (m) - 1.66 (m)

	13
	44.5
	-

	14
	45.6
	-

	15
	44.7
	1.36 (m) - 2.02 (m)

	16
	73.2
	4.63 (q, 7.4, 7.4, 7.5)

	17
	57.5
	2.35 (d, 7)

	18
	19.9
	1.23 (s)

	19
	28.3
	0.25 (d, 4.4) - 0.57 (d, 4.4)

	20
	87.0
	-

	21
	26.9
	1.19 (s)

	22
	34.0
	1.61 (m) - 2.60 (q, 10.8)

	23
	25.3
	2.02 (m)

	24
	81.1
	3.75 (dd, 5.8, 8.4)

	25
	71.0
	-

	26
	25.2
	1.11 (s)

	27
	26.2
	1.25 (s)

	28
	15.1
	0.89 (s)

	29
	27.0
	1.19 (s)

	30
	18.8
	1.00 (s)

	1'
	103.2
	4.53 (d, 7.8)

	2'
	72.2
	4.78 (dd, 7.8, 9.4) 

	3'
	75.5
	4.97 (t, 9.4)

	4'
	67.9
	3.69 (m)

	5'
	65.1
	3.29 (m) - 3.88 (dd, 5.4, 11)

	2'-CH3
	19.5
	2.00 (s)

	2' –C=O
	170.0
	-

	3' -CH3
	19.4
	2.02 (s)

	3' –C=O
	170.7
	-

	1''
	103.5
	4.30 (d, 7.7)

	2''
	74.2
	3.16 (m)

	3''
	77.2
	3.30 (m)

	4''
	70.3
	3.26 (m)

	5''
	76.2
	3.23 (m)

	6''
	61.5
	3.64 (dd, 5.4, 11)
3.81 (dd, 2.2, 11)
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[bookmark: _Toc44009362][bookmark: _Toc47628478][bookmark: _Toc44009363][bookmark: _Toc47628479]Figure S45. 1H NMR spectrum of B13 (CD3OD).
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Figure S46. 13C NMR spectrum of B13 (CD3OD).
Ergosterol peroxide (B14) (Yield: 0.43 mg/100 g plant material). 1H NMR (600 MHz, Methanol-d4) δ 6.50 (d, 8.5, 1H, H-7), 6.24 (d, 8.5, 1H, H-6), 5.21 (dd, 7.6, 15.2, 1H, H-23), 5.13 (dd, 8.4, 15.2, 1H, H-22), 3.97 (m, 1H, H-3), 2.11 (ddd, 1.9, 5.0, 13.7, 1H, H-20), 2.10 (m, 1H, H-2a/b), 1.94 (m, 2H, H-4a/b, H-12a/b), 1.92 (m, 1H, H-2a/b), 1.84 (m, 1H, H-1a/b), 1.83 (m, 1H, H-24), 1.74 (m, 1H, H-16a/b), 1.69 (m, 1H, H-4a/b), 1.59 (m, 1H, H-11a/b), 1.56 (m, 1H, H-9), 1.53 (m, 1H, H-1a/b), 1.50 (m, 1H, H-15a/b), 1.48 (m, 1H, H-14), 1.46 (m, 1H, H-25), 1.40 (m, 1H, H-11a/b), 1.30 (m, 1H, H-16a/b), 1.22 (m, 1H, H-12a/b), 1.21 (m, 1H, H-15a/b), 0.99 (d, 6.5, 1H, H-21), 0.90 (d, 6.8, 3H, H-28), 0.87 (s, 3H, H-19), 0.83 (d, 6.8, 3H, H-27), 0.81 (m, 3H, H-26), 0.80 (s, 3H, H-18). 13C NMR (151 MHz, Methanol-d4) δ 135.3 (C-6), 135.1 (C-22), 132.2 (C-23), 130.7 (C-7), 82.1 (C-5), 79.4 (C-8), 66.4 (C-3), 56.1 (C-17), 51.6 (C-9), 50.9 (C-14), 44.5 (C-13), 42.7 (C-24), 39.7 (C-20), 39.2 (C-12), 36.9 (C-10), 36.8 (C-2), 34.6 (C-4), 33.0 (C-25), 30.0 (C-1), 28.6 (C-16), 23.3 (C-15), 20.8 (C-21), 20.6 (C-11), 19.9 (C-27), 19.6 (C-26), 18.1 (C-19), 17.5 (C-28), 12.8 (C-18). All data is in accordance with (Trigos and Ortega-Regules 2002).

[bookmark: _Toc47628611]Table S13. 1H and 13C NMR data for B14 (CDCl3).
	No
	δ C (ppm)
	δ H (ppm) (J, Hz)

	1
	30.0
	1.53 (m) - 1.84 (m)

	2
	36.8
	1.92 (m) - 2.10 (m)

	3
	66.4
	3.97 (m)

	4
	34.6
	1.69 (m) - 1.94 (m)

	5
	82.1
	-

	6
	135.3
	6.24 (d, 8.5)

	7
	130.7
	6.50 (d, 8.5)

	8
	79.4
	-

	9
	51.6
	1.56 (m)

	10
	36.9
	-

	11
	20.6
	1.40 (m) - 1.59 (m)

	12
	39.2
	1.22  (m) - 1.94 (m)

	13
	44.5
	-

	14
	50.9
	1.48 (m)

	15
	23.3
	1.22 (m) - 1.50 (m)

	16
	28.6
	1.30 (m) - 1.74 (m)

	17
	56.1
	1.21 (m)

	18
	12.8
	0.80 (s)

	19
	18.1
	0.87 (s)

	20
	39.7
	2.11 (ddd, 1.9, 5.0, 13.7)

	21
	20.8
	0.99 (d, 6.5)

	22
	135.1
	5.13 (dd, 8.4, 15.2)

	23
	132.2
	5.21 (dd, 7.6, 15.2)

	24
	42.7
	1.83 (m)

	25
	33.0
	1.46 (m)

	26
	19.6
	0.81 (m)

	27
	19.9
	0.83 (d, 6.8)

	28
	17.5
	0.90 (d, 6.8)
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[bookmark: _Toc47628481][bookmark: _Toc47628482]Figure S47. 1H NMR spectrum of B14 (CDCl3).
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Figure S48. 13C NMR spectrum of B14 (CDCl3).
Millepurpan (B15) (Yield: 0.39 mg/100 g plant material). 1H NMR (600 MHz, Chloroform-d) δ 6.94 (d, 8.2 Hz, 1H, H-5), 6.42 (s, 1H, H-6'), 6.39 (dd, 8.2, 2.5 Hz, 1H, H-6), 6.35 (d, 2.6 Hz, 1H, H-8), 5.58 (s, 1H, C4'-OH), 4.65 (s, 1H, C2'-OH), 4.33 (ddd, 10.4, 3.5, 1.9 Hz, 1H, H-2a), 4.09 (t, 10.0 Hz, 1H, H-2b), 3.97 (s, 3H, C7-OCH3), 3.88 (s, 3H, C5-OCH3), 3.76 (s, 3H, C6-OCH3), 3.56 (tdd, 9.7, 5.4, 3.4 Hz, 1H, H-3), 3.01 (dd, 15.7, 10.3 Hz, 1H, H-4a), 2.92 (ddd, 15.8, 5.9, 1.8 Hz, 1H, H-4b). 13C NMR (151 MHz, Chloroform-d) δ 155.1 (C-7), 154.7 (C-9), 146.4 (C-4'), 141.1 (C-2'), 140.7 (C-5'), 140.0 (C-3'), 130.3 (C-5), 121.0 (C-1'), 114.4, 107.9 (C-6), 106.3 (C-6'), 103.1 (C-8), 69.4 (C-2), 61.2 (C7-OCH3), 60.9 (C5-OCH3), 56.6 (C6-OCH3), 32.4 (C-3), 30.0 (C-4). All data is in accordance with (Gatouillat et al. 2014).

[bookmark: _Toc47628612][bookmark: _GoBack]Table S14. 1H and 13C NMR data for B15 (CDCl3).
	No
	δC (ppm)
	δH (ppm) (J, Hz)

	2a
2b
	69.4
	4.33 (ddd, 10.4, 3.5, 1.9)
4.09 (t, 10.0)

	3
	32.4
	3.56 (tdd, 9.7, 5.4, 3.5)

	4a
4b
	30.0
	3.01 (dd, 15.7, 10.4)
2.92 (ddd, 15.7, 5.9, 1.9)

	5
	130.3
	6.94 (d, 8.2)

	6
	107.9
	6.39 (dd, 8.2, 2.5)

	7
	155.1
	-

	8
	103.1
	6.35 (d, 2.5)

	9
	154.7
	-

	10
	114.4
	-

	1'
	121.0
	-

	2'
	141.1
	-

	3'
	140.0
	-

	4'
	146.4
	-

	5'
	140.7
	-

	6'
	106.3
	6.42 (s)

	C5-OCH3
	60.9
	3.88 (s)

	C6-OCH3
	56.6
	3.76 (s)

	C7-OCH3
	61.2
	3.97 (s)

	C2'-OH
	-
	4.65 (s)

	C4'-OH
	-
	5.58  (s)
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[bookmark: _Toc47628484][bookmark: _Toc47628485]Figure S49. 1H NMR spectrum of B15 (CDCl3).
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Figure S50. 13C NMR spectrum of B15 (CDCl3).
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Figure S51. xCELLigence antiproliferative activity test result of A. ponticus Pall. flower extract on HeLa cells (▬250 ▬100 ▬50 ▬10 (µg/mL) ▬Control ▬Medium).
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Figure S52. xCELLigence antiproliferative activity test result of A. ponticus Pall. stem extract on HeLa cells (▬250 ▬100 ▬50 ▬10 (µg/mL) ▬Control ▬Medium).
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Figure S53. xCELLigence antiproliferative activity test result of A. ponticus Pall. root extract on HeLa cells (▬250 ▬100 ▬50 ▬10 (µg/mL) ▬Control ▬Medium).
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Figure S54. xCELLigence antiproliferative activity test results of dichloromethane (D), ethyl acetate (EA) and methanol (M) fractions of A. ponticus Pall. root extract on HeLa cells
(▬250 ▬100 ▬50 ▬10 (µg/mL) ▬Control ▬Medium).

 (
   
 
   
 
   
 
 
F1
F2
 
 
F3
 
F4
F5
 
F6
F7
 
 
)
Figure S55. xCELLigence antiproliferative activity test results of sub-fractions of ethyl acetate (EA) fractions of A. ponticus Pall. root extract on HeLa cells (▬250 ▬100 ▬50 (µg/mL) ▬Control ▬Medium).

	
	



[bookmark: _Toc47684455][bookmark: _Toc43745330]Figure S56.  Effect of B1 on HeLa cells.

	
	



[bookmark: _Toc47684456]Figure S57. Effect of B5 on HeLa cells.

	
	



Figure S58. Effect of B6 on HeLa cells.

	
	



Figure S59. Effect of B8 on HeLa cells.
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Figure S60. Effect of substituents’ position on activity.

	
	



[bookmark: _Toc47684460][bookmark: _Toc43745335]Figure S61. Effect of B10 on HeLa cells.


	
	



Figure S62. Effect of B15 on HeLa cells.

	
	



Figure S63. Effect of B7 on HeLa cells.

	
	



Figure S64. Effect of B11 on HeLa cells.

	
	



Figure S65. Effect of B12 on HeLa cells.

	
	



Figure S66. Effect of B13 on HeLa cells.

	
	



Figure S67. Effect of B3 on HeLa cells.

	
	



Figure S68. Effect of B14 on HeLa cells.
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B1
0	6.25	12.5	25	50	100	100	97.782831154064752	84.309266628766366	59.465605457646362	31.836270608300175	12.336554860716321	Concentration (µg/mL)

Viability (%)


B5
0	6.25	12.5	25	100	72.048929663608575	43.547400611620773	11.743119266055045	Concentration (µg/mL)

Viability (%)


B6
0	6.25	12.5	25	50	100	100	100.42092603728202	85.929043896572438	57.426337943475659	14.61214672279014	11.244738424533969	Concentration (µg/mL)

Viability (%)


B8
0	6.25	12.5	25	100	50.568561872909719	21.872909698996651	11.438127090300998	Concentration (µg/mL)

Viability (%)


B10
0	6.25	12.5	25	50	100	118.05907172995778	108.3544303797468	98.565400843881804	15.105485232067515	Concentration (µg/mL)

Viability (%)


B15
0	6.25	12.5	25	50	100	100	132.21719457013575	107.64705882352936	98.642533936651503	56.199095022624448	16.380090497737552	Concentration (µg/mL)

Viability (%)


B7
0	6.25	12.5	25	50	100	100	98.609431680773881	85.731559854897242	37.273276904474024	14.207980652962512	11.064087061668685	Concentration (µg/mL)

Viability (%)


B11
0	6.25	12.5	25	50	100	125	100	147.4910394265234	138.08243727598577	138.79928315412175	151.70250896057348	33.602150537634408	16.577060931899641	Concentration (µg/mL)

Viability (%)


B12
0	6.25	12.5	25	50	100	100	143.88753056234719	129.2176039119804	122.12713936430319	30.806845965770183	14.50692746536267	Concentration (µg/mL)

Viability (%)


B13
0	6.25	12.5	25	50	100	125	250	100	150.23084025854104	140.90489381348107	146.62973222530002	118.42105263157893	81.071098799630633	64.819944598337983	23.361034164358269	Concentration (µg/mL)

Viability (%)


B3
0	6.25	12.5	25	50	100	125	250	100	99.57325746799431	104.97866287339971	136.91322901849227	114.93598862019915	58.570412517780937	63.584637268847771	99.715504978662864	Concentration (µg/mL)

Viability (%)


B14
0	6.25	12.5	25	50	100	125	250	100	132.33233233233244	139.93993993993999	152.55255255255258	181.78178178178175	172.8728728728729	188.68868868868879	183.98398398398407	Concentration (µg/mL)

Viability (%)
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