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Abstract

Bioassay guided fractionation and chemical investigation of the ethanolic extract of the aerial parts 

of Koelreuteria paniculata Laxm. (Sapindaceae), resulted in the isolation and identification of 

three new triterpenoid saponins 1–3 named Paniculatosoid A–C, along with eleven known 

compounds. The structures of the isolated compounds were elucidated using 1D and 2D NMR 

experiments, HRESIMS, and comparison with literature data. The occurrence of tridesmosidic 

saponin is reported for the first time from family Sapindaceae, as well as it is rarely found in 

natural saponins. Compounds 4–13 were evaluated for their antibacterial, antifungal, antimalarial 

and antileishmanial activities. Compound 12 showed weak antibacterial activity against 

Escherichia coli with an IC50 value of 101 μM. Compounds 12 and 13 showed antimalarial 

activity against chloroquine-sensitive (D6) Plasmodium falciparum protozoan with IC50 values of 

6.46 and 6.95 μM, and against chloroquine-resistant (W2) Plasmodium falciparum protozoan with 

IC50 values of 9.34 and 4.18 μM.
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1. Introduction

Koelreuteria paniculata Laxm. is a saponaceous tree belonging to family Sapindaceae, native 

to Eastern Asia and cultivated as a decorative on the Black-Sea coast of the Caucuses 

(Sutiashvili, 2000). It is widely distributed in Northern China. Local people use the seeds as 

insecticides and the leaves as antifungal and antibacterial agents (Lin et al., 2002). Recent 

reports showed that the crude extracts of this plant possessed antitumor and antioxidant 
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activities. The isolation of a gallate derivatives, cyanolipids and flavonoids have been 

reported (Mahmoud et al., 2001; Seigler and Butterfield, 1976; Yang et al., 1999). The 

present work reports the isolation and identification of three new compounds, including a 

tridesmosidic saponin 1 named Paniculatosoid A and two monodesmosidic saponins 2 and 3 
named Paniculatosoid B and C, along with eleven known compounds 4-14 identified as 5-O-

methyl-luteolin 4, loliolide 5, kaempferol 7-O-α-L-rhamnoside 6, kaempferol-3-O-α-L-

rhamnoside 7, methyl myo-inositol 8, β-sitosterol 9, β-sitosterol-β-D-glucoside 10, palmitic 

acid monoglyceride 11, ethyl gallate 12, methyl gallate 13 and gallic acid 14. Compounds 

4-6 were reported to be isolated for the first time from family Sapindaceae. Compounds 4-13 
were evaluated for their antimalarial, antileishmanial, antifungal and antimicrobial activities. 

Compound 12 showed weak antibacterial activity against Escherichia coli with an IC50 value 

of 101 μM. Compounds 12 and 13 showed antimalarial activity against chloroquine-sensitive 

(D6) Plasmodium falciparum protozoan with IC50 values of 6.46 and 6.95 μM, and against 

chloroquine-resistant (W2) Plasmodium falciparum protozoan with IC50 values of 9.34 and 

4.18 μM. The occurrence of tridesmosidic saponin is reported for the first time from family 

sapindaceae, as well as it is rarely found among natural saponins (Hostettmann and Marston, 

2005).

2. Results and discussion

Compound 1 was obtained as whitish powder (10 mg), whose molecular formula was 

established to be C64H104O30 from the [M-H]− ion at m/z 1351.6274 (calcd. for C64H103O30 

1351.6535), and the [M + Na]+ ion at m/z 1375.6396 (calcd. for C64H104O30Na 1375.6510), 

in the HR-ESIMS. The 1H NMR and 13C NMR spectra of 1 showed six tertiary methyl 

signals resonated at δ 0.89 (H-29), δ 0.90 (H-30), δ 0.99 (H-25), δ 1.13 (H-26), δ 1.15 

(H-24) and δ 1.21 (H-27), one olefinic proton signal resonated at δ 5.42 (H-12, bs) with two 

typical olefinic carbon signals resonated at δ 123.6 and δ 144.8, and one carbonyl signal 

resonated at δ 177.3, revealed that its aglycone was hederagenin (Li et al., 1990). The 13C 

NMR and DEPT-NMR spectra showed the presence of eight methyl, fifteen methylene, 

thirty three methine and eight quaternary carbons. The 2D-NMR spectra showed six 

anomeric carbons resonated at δ 96.3, 101.9, 103.4, 105.3, 104 and 107.9, and their 

corresponding protons were deduced from HMQC spectrum, and were attached to anomeric 

protons resonated at δ 6.24 (d, J = 8 Hz), δ 6.33 (s), δ 5.84 (s), δ 5.09 (d, J = 6.5 Hz), δ 5.01 

(d, J = 7.5 Hz) and δ 5.35 (d, J = 7.5 Hz), respectively. The complete assignments of each 

glycosidic proton system were achieved by analysis of COSY and TOCSY experiments. The 

units with anomeric protons at δ 5.01 (d, J = 7.5 Hz) and δ 6.24 (d, J = 8 Hz) corresponded 

to two hexoses and were identified as two β-D-glucoses, while the units with anomeric 

protons at δ 5.09 (d, J = 6.5 Hz) and δ 5.35 (d, J = 7.5 Hz) corresponded to two pentoses and 

were identified as two β-D-xyloses, and the units with the anomeric protons at δ 6.33 (s) and 

δ 5.84 (s) were identified as α-L-rhamnoses. The HMBC correlations (Fig. 2) showed a set 

of correlations which confirmed the attachment of sugars in three positions of the aglycone; 

the correlation of the proton resonated at δ 5.09 (H-1‵) with the carbon signal resonated at δ 
81.7 (C-3) confirmed the attachment of xylose-1 to C-3 of hederagenin, while the correlation 

of the proton resonated at δ 5.01 (H-1‵‵‵‵) with the carbon signal resonated at δ 64.7 (C-23) 

confirmed the attachment of glucose-1 to C-23 of hederagenin, and the correlation of the 
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proton resonated at δ 6.24 (H-1‵‵‵‵‵) with the carbon signal resonated at δ 177.3 (C-28) 

confirmed the attachment of glucose-2 to C-28 of hederagenin. The down-fielded carbon 

signals at δ 76.2 and at δ 83.3 for both of C-3‵ of xylose-1 and C-3‘‵ of rhamnose-1 moiety 

respectively, confirmed that the C-3‵ positions for both sugars are attached to another sugar 

moieties, as well as the HMBC correlations of protons resonated at δ 6.33 (H-1‵‵) and at δ 
5.35 (H-1‵‵‵) with the carbon signal resonated at δ 83.3 (C-3‵‵) confirmed the attachment of 

xylose-2 to rhamnose-1 was by C-3‵ of rhamnose-1 (Borges et al., 2009; Wang et al., 2014). 

The up-fielded carbon signals at δ 73.2 and 74.5 for C-3‵ and C-4‵ of rhamnose-2, 

confirmed that the rhamnose-2 is terminal and not attached to another sugars (Wang et al., 

2014). The up-fielded carbon signal at δ 61.9 for C-6‵ of glucose-1 confirmed that its C-6‵ 
is free, while the down-fielded carbon signal at δ 69.7 for C-6‵ of glucose-2 confirmed the 

attachment of glucose-2 to rhamnose-2 in the C-6‵ position of glucose-2 (Fu et al., 2006; 

Viana et al., 2004; Voutquenne et al., 2003; Wang et al., 2014). Acid hydrolysis of 1 gave the 

aglycon hederagenin along with xylose, glucose and rhamnose. Thus, the structure of 1 

proved to be the new compound (3β-O-β-D-xylopyranosyl-(1 → 3)-α-L-rhamnopyranosyl-

(1 → 3)-β-D-xylopyranosyl-23-O-β-D-glucopyranosyl-hederagenin-28-O-α-L-

rhamnopyranosyl-(1 → 6)-β-D-glucopyranosyl ester) (Fig. 1).

Compound 2 was obtained as whitish powder (12 mg), whose molecular formula was 

established to be C53H86O19 from the [M-Angeloyl-Glucose]− ion at m/z 763.4771 (calcd. 

for C42H67O12 763.4634), in the HR-ESIMS. The 1H NMR and 13C NMR spectra of 2 
showed eight tertiary methyl signals resonated at δ 0.84 (H-25), δ 0.91 (H-26), δ 1.08 

(H-29), δ 1.19 (H-23), δ 1.24 (H-24), δ 1.32 (H-30), δ 1.88 (H-27) and δ 2.01 (H-5 

Angeloyl), two doublet methyl signal resonated at δ 2.13 (H-3 angeloyl, J = 5.6 Hz), and at 

δ 1.58 (H-6 rhamnose, J = 5.6 Hz), two olefinic proton signals at δ 5.95 (H-3 angeloyl, d, J = 

5.6 Hz) and δ 5.44 (H-12, br s) with four typical olefinic carbon signals at δ 124.0, δ 130.0, 

δ 137.2 and δ 144.3, and one carbonyl signal at δ 168.7. The HMQC spectrum, showed a 

proton signal at δ 6.22 (H-22, m) assigned for a methine carbon resonated at δ 72.7 (C-22), 

and two methylene proton signals resonated at δ 2.06 and at δ 2.85 (H-21, m) assigned for a 

methylene carbon resonated at δ 42.2(C-21), furthermore this proton signal at δ 6.22 (H-22, 

m) showed correlation only with the two methylene proton signals resonated at δ 2.06 and at 

δ 2.85 in TOCSY revealed that the angeloyl moiety is attached to C-22, and thus the 

aglycone of 2 was identified as camelliagenin-A (Voutquenne et al., 1998). The 13C NMR 

and DEPT-NMR spectra showed the presence of ten methyl, eleven methylene, twenty three 

methine and nine quaternary carbons. The 2D-NMR spectra showed a three anomeric 

carbons resonated at δ 103.6, 104.9 and 105.3, and their corresponding protons were 

deduced from HMQC spectrum, and were attached to protons resonated at δ 6.14 (s), δ 5.21 

(d, J = 5.6 Hz) and δ 4.79 (d, J = 5.2 Hz) respectively. The complete assignments of each 

glycosidic proton system were achieved by analysis of COSY and TOCSY experiments. The 

units with anomeric protons at δ 5.21 and δ 4.79 were corresponded to two hexoses and 

were identified as two β-D-glucoses, while the units with the anomeric proton at δ 6.14 (s) 

was identified as α-L-rhamnose. The HMBC correlations of 2 (Fig. 3) showed a set of 

correlations confirmed the attachment of glucose in C-3 of the aglycone. The HMBC 

correlation of the proton resonated at δ 4.79 (H-1‵‵) with the carbon signal resonated at δ 
90.7 (C-3) confirmed the attachment of glucose-1 to C-3 of camelliagenin-A. The down-
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fielded carbon signal at δ 83.3 for C-3‵‵ of rhamnose moiety, confirmed its attachment in 

such position to another sugar moiety. The up-fielded carbon signal at δ 61.9 for C-6‵‵ and 

C-6‵‵‵‵ confirmed that both C-6 of glucose-1 and glucose-2 were free. Thus the structure of 

2 proved to be the new compound (3β-O-β-D-glucopyranosyl-(1 → 3)-α-L-

rhamnopyranosyl-(1 → 2)-β-D-glucopyranosyl-22α-O-angeloyl-camelliagenin-A) (Fig. 1).

Compound 3 was obtained as whitish powder (6 mg). The analysis of the NMR data for 3 
confirmed that 3 was very close to the structure of 2. The 1H NMR and 13C NMR spectra for 

3 are very close to the spectra of 2 and showed signals for eight tertiary methyl signals, one 

doublet methyl signal, three olefinic proton signals with four typical olefinic carbon signals, 

and one carbonyl signal, revealed that the aglycone of 3 was the same as 2 and it was 

camelliagenin-A (Voutquenne et al., 1998). The 13C NMR and DEPT-NMR spectrum for 3 
showed the presence of ten methyl, ten methylene, eighteen methine and nine quaternary 

carbons. The 2D-NMR spectra of 3 showed a two anomeric carbons resonated at δ 103.6 

and 105.5, and their corresponding protons were deduced from HMQC spectrum, and were 

attached to protons resonated at δ 6.18 (s) and δ 4.79 (d, J = 5.2 Hz) respectively. The 

HMBC correlations of 3 showed a set of correlations confirmed the attachment of glucose in 

C-3 of the aglycone. The HMBC correlation of the proton resonated at δ 4.79 (H-1‵) with 

the carbon signal resonated at δ 90.7 (C-3) confirmed the attachment of glucose-1 to C-3 of 

camelliagenin-A. The absence of the carbon signal at δ 83.3 for C-3‘‵ of rhamnose moiety, 

confirmed that the rhamnose is terminal and not attached to another sugar. The up-fielded 

carbon signal at δ 61.9 for C-6‵ confirmed that C-6 of glucose was free. Thus the structure 

of 3 proved to be the new compound (3β-O-α-L-rhamnopyranosyl-(1 → 2)-β-D-

glucopyranosyl-22α-O-angeloyl-camelliagenin-A) (Fig. 1).

Acid hydrolysis of 1-3: The acid hydrolysis of saponins 1-3 were done according to the 

method mentioned in (Wanas et al., 2010), About 2 mg of each compound was hydrolyzed 

with 1 N HCl (0.1 mL) at 88 °C for 2 h, the reaction mixture was cooled to room 

temperature, then partitioned with an equal amount of EtOAc (0.1 mL), and the water layer 

was evaporated to dryness in vacuo and analyzed for its sugar components. The sugar 

mixture was compared with a standard mixture of xylose, glucose and rhamnose using silica 

gel TLC and CHCl3-MeOH-H2O (6:4:0.5) as solvent.

Compounds 4-14 were identified by using 1H NMR, 13C NMR, DEPT-135, HMQC and 

HMBC as well as HRESIMS experiments, as: 5-O-methyl-luteolin 4 (Abou-Zaid et al., 

2001), loliolide 5 (Kimura and Maki, 2002), kaempferol 7-O-α-L-rhamnoside 6 (Chua et al., 

2008), kaempferol-3-O-α-L-rhamnoside (Afzelin) 7 (Cheng et al., 2013), methyl myo-

inositol (Quebrachitol) 8 (HuiCong et al., 2013), β-sitosterol 9 (Lu et al., 2012), β-sitosterol-

β-D-glucoside 10 (Wei et al., 2011), palmitic acid monoglyceride 11, ethyl gallate 12 (Yang 

et al., 1999), methyl gallate 13 (Lin et al., 2002) and gallic acid 14 (Qu et al., 2011). 

Compounds 4-6 were reported to be isolated for the first time from family Sapindaceae. 

Compounds 4–13 were evaluated for their antimalarial, antileishmanial, antifungal and 

antimicrobial activities. Compound 12 showed weak antibacterial activity against 

Escherichia coli with an IC50 value of 101 μM. Compounds 12 and 13 showed antimalarial 

activity against chloroquine-sensitive (D6) Plasmodium falciparum protozoan with IC50 
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values of 6.46 and 6.95 μM, and against chloroquine-resistant (W2) Plasmodium falciparum 
protozoan with IC50 values of 9.34 and 4.18 μM.

3. Experimental

3.1. General experimental procedures

NMR spectra were recorded on a Bruker Avance DRX- 500 instrument at 500 (1H) and 125 

MHz (13C), and a Varian Mercury 400 MHz spectrometer at 400 (1H) and 100 MHz (13C). 

The HRESIMS spectra were measured using a Bruker Bioapex-FTMS with electrospray 

ionization (ESI). Column chromatographic separation was performed on silica gel 60 

(0.04-0.063 mm), SPE Cartridges, (C-18), Supelc, and Sephadex LH-20 (0.25–0.1 mm, 

Aldrich). TLC was performed on precoated TLC plates with silica gel 60 F254 (0.2 mm, 

Merck). Preparative HPLC (Waters delta prep 4000) was performed using Waters Atlantis® 

RP-18 (5 μ, 250, 20 mm).

3.2. Plant material

The aerial parts of Koelreuteria paniculata Laxm were collected in May 2012 from Orman 

garden, Giza, Egypt. The plant was authenticated by Dr. Mohammad El-Gebaly, Consultant 

Taxonomist, Cairo University, Egypt. A voucher specimen (KP 2) has been deposited in the 

Pharmacognosy Department, Faculty of Pharmacy, Al-Azhar University, Cairo, Egypt.

3.3. Extraction and isolation

The air-dried powdered aerial parts of Koelreuteria paniculata (1.40 kg) were exhaustively 

extracted by maceration with 70% EtOH (6 L × 3), at room temperature. The combined 

ethanolic extracts were concentrated under reduced pressure to afford (138 g) residue. The 

residue was subjected to (VLC) on silica gel (1500 g, 45 cm, 15 cm) using n-hexane, n-

hexane – EtOAc (50:50), EtOAc, EtOAc –MeOH (50:50) and MeOH, each 2.0 L to give five 

fractions (A-E). Fraction B (2.48 g) was subjected to CC (silica gel, 60 g, 60 cm, 4 cm, 

eluted with n-hexane-EtOAc mixtures in a manner of increasing polarities) to obtain nine 

subfractions (B1-B9). Subfr. B2 (280 mg) was subjected to further purifications on CC silica 

gel and sephadex, to obtain compound 9 (7 mg). Subfr. B4 (213 mg) was subjected to 

repeated CC on silica gel and sephadex, to obtain compound 11 (20 mg). Fraction C (1.22 g) 

was subjected to CC (silica gel, 30 g, 40 cm, 5 cm, eluted with n-hexane-EtOAc mixtures in 

a manner of increasing polarities) to obtain four subfractions (C1-C4). Subfr. C2 was 

subjected to further purification on CC silica gel and sephadex to obtain compounds 5 (3 

mg) and 13 (7 mg). Subfr. C3 was purified on repeated CC silica gel and sephadex to afford 

compound 12 (88 mg). Fraction D (7.68 g) was subjected to CC silica gel (200 g, 60 cm, 8 

cm) eluted with DCM-MeOH mixtures in a manner of increasing polarities) to obtain seven 

subfractions (D1-D7). Subfr. D1 (890 mg) was subjected to further CC silica gel columns to 

afford compound 10 (25 mg). Subfr. D3 was purified on repeated CC silica gel and sephadex 

to afford compound 7 (11 mg). Subfr. D6 was subjected to CC (sephadex LH-20, 45 cm, 1 

cm) eluting with MeOH, to afford compound 4 (8 mg). Fraction E (22.3 g) was subjected to 

(VLC) on silica gel (600 g, 30 cm, 12 cm) using DCM, DCM-MeOH (95:5) DCM-MeOH 

(90:10), DCM-MeOH (80:20), DCM-MeOH (50:50) and MeOH, each 2.0 L to give six 

subfractions (E1-E6). Subfr. E3 was subjected to CC silica gel (100 g, 50 cm, 6 cm) eluted 
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with DCM-MeOH mixtures in a manner of increasing polarities) to afford 8 subfractions 

(E-3-1-E-3-8). Subfr. E-3-3 was subjected to subsequent purification on preparative RP-C18 

HPLC gradually eluted with mixture of MeOH and H2O, using Atlantis® RP-18(5 μg, 250, 

20 mm) at a flow rate 17.0 mL/min and detection at 268 nm to yield compounds: 14 (6 mg) 

and 6 (5 mg). Subfr. E4 was subjected to SPE column RP C-8 and eluted with Water-MeOH 

mixtures in a manner of decreasing polarities) to afford compound 8 (30 mg). Subfr. E-5 was 

subjected to further purification on SPE (RP- C-18) and eluted with Water-MeOH mixtures 

in a manner of decreasing polarities) to afford compounds 1 (10 mg), 2 (12 mg) and 3 (6 

mg).

3.4. Spectral data

3β-O-β-D-xylopyranosyl-(1 → 3)-α-L-rhamnopyranosyl-(1 → 3)-β-D-xylopyranosyl-23-O-

β-D-glucopyranosyl-hederagenin-28-O-α-L-rhamnopyranosyl-(1 → 6)-β-D-glucopyranosyl 

ester 1: whitish powder; for 1H NMR and 13C NMR spectroscopic data Table 1; for HR-

ESIMS m/z 1351.6274 [M-H]− (calcd. for C64H103O30 1351.6535), and m/z 1375.6396 [M

+Na]+ (calcd. for C64H104O30Na 1375.6510), consistent with the molecular formula 

C64H104O30.

3β-O-β-D-glucopyranosyl-(1 → 3)-α-L-rhamnopyranosyl-(1 → 2)-β-D-

glucopyranosyl-22α-O-angeloyl-camelliagenin-A 2: whitish powder; for 1H NMR and 13C 

NMR spectroscopic data Table 1; for HR-ESIMS m/z 763.4771 [M-Angeloyl-Glucose]− 

(calcd. for C42H67O12 763.46341).

3β-O-α-L-rhamnopyranosyl-(1 → 2)-β-D-glucopyranosyl-22α-O-angeloyl-camelliagenin-A 

3: whitish powder; for 1H NMR and 13C NMR spectroscopic data Table 1.

3.5. Antimicrobial assay

Compounds 4-13 were tested for antimicrobial activity against Staphylococcus aureus ATCC 

29213, methicillin-resistant S. aureus ATCC 33591 (MRS), Escherichia coli ATCC 35218, 

Pseudomonas aeruginosa ATCC 27853, Mycobacterium intracellulare ATCC 23068, 

Candida albicans ATCC 90028, Candida glabrata ATCC 90030, Candida krusei ATCC 6258, 

Cryptococcus neoformans ATCC 90113, and Aspergillus fumigatus ATCC 204305. 

Ciprofloxacin and Amphotericin B were used as positive controls for bacteria and fungi, 

respectively (Bharate et al., 2007; Radwan et al., 2007).

3.6. Antileishmanial assay

Compounds 4–13 were tested for antileishmanial activity in vitro against a culture of 

Leishmania donovani promastigotes; Pentamidine and Amphotericin B were used as a 

positive controls (Ma et al., 2004).

3.7. Antimalarial assay

Compounds 4-13 were tested for antimalarial activity in vitro against chloroquine sensitive 

(D6, Sierra Leone) and resistant (W2, Indo China) strains of Plasmodium falciparum by 

measuring plasmodial LDH activity as described earlier (Makler and Hinrichs, 1993). 

Chloroquine was used as positive control.
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4. Conclusion

Compounds 12 and 13 showed antimalarial activity against chloroquine-sensitive (D6) 

Plasmodium falciparum protozoan with IC50 values of 6.46 and 6.95 μM, and against 

chloroquine-resistant (W2) Plasmodium falciparum protozoan with IC50 values of 9.34 and 

4.18 μM. Compound 12 showed weak antibacterial activity against Escherichia coli with an 

IC50 value of 101 μM.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Chemical Structure of Compounds 1-3.
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Fig. 2. 
HMBC Correlations of compound (1).
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Fig. 3. 
HMBC Correlations of compound (2).
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Table 1

1H NMR and 13C NMR spectral data (400MHz for δH, 125 MHz for δC, δ in ppm, J values in Hz) for 

compounds (1–3) in Pyridine-d5.

(1) (2) (3)

Position δH δC δH δC δH δC

1 1.02m, 1.53m 39.7 1.36, m 39.4 1.36, m 39.4

2 1.81m 27.1 1.80, m 27.1 1.80, m 27.1

3 4.33 81.7 3.22, m 90.7 3.19, m 90.7

4 – 44.2 – 40.3 – 40.3

5 1.73, m 48.1 0.74, m 56.3 0.74, m 56.3

6 18.8 1.39, m 18.8 1.39, m 18.8

7 1. 27 m, 1.61 m 33.1 2.13, m 35.7 2.13, m 35.7

8 – 40.5 – 41. 5 – 41. 5

9 48.7 47.5 47.5

10 – 37.5 – 37.4 – 37.4

11 1.89, m 23.9 1.74, m 24.4 1.74, m 24.4

12 5.42, bs 123.6 5.44, bs 124 5.44, bs 124

13 – 144.8 144.3 144.3

14 – 42.8 – 44.8 – 44.8

15 1.17, m 28.9 33.7 33.7

16 1.89, m 24.5 70.4 70.4

17 – 47.7 – 42.3 – 42.3

18 3.17, m 42.3 na na

19 1.18, m 46.7 2.87, m 48.1 2.87, m 48.1

20 – 30.6 – 32.6 – 32.6

21 1.03, m 34.6 2.06,m, 2.85,m 42.2 2.85, m 42.2

22 1.28, m 33.3 6.22, m 72.7 6.22, m 72.7

23 3.94m, 4.33 m 64.7 1.19, s 17. 4 1.19, s 17. 4

24 1.15, s 14.8 1.24, s 28.6 1.24, s 28.6

25 0.99, s 16.9 0.84, s 16.3 0.84, s 16.3

26 1.13, s 18.3 0.91, s 16.4 0.91, s 16.4

27 1.21, s 26.8 1.88, s 28.2 1.88, s 28.2

28 – 17 7. 3 3.59, 3.74, m 64.3 3.59, 3.74, m 64.3

29 0.89, s 33.8 1.08, s 34.1 1.08, s 34.1

30 0.90, s 24.4 1.32, s 25.9 1.32, s 25.9

Angeloyl

1 – 168.7 – 168.7

2 – 130 – 130

3 5.95, d 137. 2 5.95, d 137. 2

4 2.13, d, 5.6 17. 5 2.13, d, 5.6 17. 5

5 2.01, s 21.7 2.01, s 21.7
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(1) (2) (3)

Position δH δC δH δC δH δC

3-O-Sugar

Xylose-1 Glucose-1 Glucose-1

1‵ 5.09, d, 6.5 Hz 105.3 4.79, d, 5.2 105.3 4.79, d, 5.2 105.3

2‵ 4.03, m 75.6 4.15, m 76.4 4.15, m 76.4

3‵ 4.13, m 76.2 4.23, m 76.3 4.23, m 76.3

4‵ 4.12, m 71.3 4.33, m 72.6 4.33, m 78.2

5‵ 3.68, 4.45, m 67.9 4.12,m 77 4.12,m 77

6‵ 4.36, 4.68, m 61.9 4.36, 4.68, m 61.9

Rhamnose-1 Rhamnose Rhamnose

1‵‵ 6.33, s 101. 9 6.14, s 103.6 6.18, s 103.8

2‵‵ 4.88, bs 71.7 4.88, bs 72 4.88, bs 72

3‵‵ 4.81, m 83.3 4.81, m 83.3 4.72, m 73.5

4‵‵ 4.45, m 73.2 4.45, m 72.9 4.45, m 72.9

5‵‵ 4.71, m 70.4 4.71, m 70.2 4.71, m 70.2

6‵‵ 1.58, d, 5.6 19.2 1.58, d, 5.6 19.2 1.58, d, 5.6 19.2

Xylose-2 Glucose-2

1‵‵‵ 5.35, d, 7. 5 Hz 10 7. 9 5.21, d, 5.6 Hz 104.9

2‵‵‵ 4.09, m 73.3 3.95, m 76.4

3‵‵‵ 4.18, m 75.9 4.14, m 78.6

4‵‵‵ 4.22, m 71 4.44, m 70.8

5‵‵‵ 3.71, 4.49, m 66.9 3.66, m 77.9

6‵‵‵ 4.08, 4.22, m 61.9

23-O-sugar

Glucose-1

1‵‵‵‵ 5.01, d, 7. 5 Hz 105.4

2‵‵‵‵ 4.15, m 75.9

3‵‵‵‵ 4.23, m 74.6

4‵‵‵‵ 4.33, m 72.6

5‵‵‵‵ 4.12, m 77.1

6‵‵‵‵ 4.36, 4.68, m 61.9

28-O-sugar

Glucose-2

1‵‵‵‵‵ 6.24, d, 8Hz 96.3

2‵‵‵‵‵ 3.95, m 75.9

3‵‵‵‵‵ 4.14, m 78.9

4‵‵‵‵‵ 4.44, m 70.3

5‵‵‵‵‵ 3.66, m 77.7

6‵‵‵‵‵ 4.08, 4.22, m 69.7

Rhamnose-2

1‵‵‵‵‵‵ 5.84, s 103.4
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(1) (2) (3)

Position δH δC δH δC δH δC

2‵‵‵‵‵‵ 4.68, m 71.7

3‵‵‵‵‵‵ 4.56, m 73.2

4‵‵‵‵‵‵ 4.35, m 74.5

5‵‵‵‵‵‵ 4.93, m 71

6‵‵‵‵‵‵ 1.7, d, 5.6 19.1
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