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Introduction

Lecaniodiscus cupanioides Planch (Sapindoideae subfamily) of the Sapindaceae family, is a small tree 6-12 m high branching low down with a widely spreading crown. It is an evergreen understorey tree of the lowland rain-forest occurring from Guinea to West Cameroons, and in East Cameroun and Gabon [START_REF] Burkill | The Useful Plants of West Tropical Africa[END_REF]. L. cupanioides is widely distributed in Southern Nigeria is a traditional medicinal plant that is commonly used as laxative, galactogen, febrifuge and for cough and infection [START_REF] Adesegun | [END_REF]. It is known as aaka or akika (Yoruba), kaafi-nnamaa-zaaki (Hausa) and okpu (Igbo) in Nigeria. Parts of the plant, such as roots and leaves have various applications in folk medicine for the treatment of boils, burns, wounds, oral hygiene, fever and abdominal swelling caused by liver abscess [3]. The decoction of the root of the plant is claimed among the Yoruba people of Nigeria to control epilepsy and to enhance penile erection. Pharmacological studies have also shown that the plant possesses analgesic, antibacterial and antifungal properties [START_REF] Adesegun | Proceedings of the 5th Annual Conference of the Society for Medicinal Plant Research[END_REF][5][6]. Previous phytochemical studies of L. cupanioides revealed the presence of triterpenoids saponins [START_REF] Adesegun | [END_REF]7]. In this paper, we describe the isolation, structure elucidation and the evaluation of the antiproliferative activities against the Caco-2 cell line (human epithelial cell line) of the four new isolated glycosides.

Results and discussion

The methanolic extract of the roots of L. cupanioides was purified by multiple chromatographic steps over silica gel and reversed phase. The purification steps yielded three new sesquiterpene glycosides named cupanioisoside A (1), cupanioisoside B (2) and cupanioisoside C

(3) together with one new saponin named lecanioside A (4) (Figure 1). Their structures were established by extensive analysis of NMR techniques, mainly 1D NMR ( 1 H, 13 -11). These resonances, due to the sesquiterpene moiety, are characteristic of farnesol aglycone (Table 1), with was recognized to be (2E, 6E)-farnes-1-ol [(2E,6E)-3,7,11-trimethyl-2,6,10-dodecatriene-1-ol] by 1 H NMR and 13 C NMR analyses using the correlations observed in COSY, HSQC, and HMBC spectra, and was in full agreement with literature data [8,9]. The chemical shifts of methyl carbons, C-14, C-15 at δC 15.7, 16.2, respectively, and those of two methylenes C-4 and C-8 at δC 39.5, 39.7, respectively, were observed at almost the same resonances as those reported for (2E, 6E)-farnesol, while the terminal methyl C-12 appeared at δC 25.5 ppm, which is particularly indicative of the E stereochemistry of the double bonds in the farnesyl unit [10,11].The absence of signals in the 13 2). All proton signals of the sugar moieties were identified by careful analysis of the COSY, HSQC-TOCSY and NOESY spectra. Carbon assignment was based on HSQC and further confirmed by HMBC spectrum (Table 2). Data indicated that eight of the nine sugar residues were in their pyranose form. Based on the coupling constants of the anomeric protons and the chemical shifts of the anomeric carbons, the anomeric configuration of the sugar moieties were determined as β for the glucose and xylose moieties and α for the rhamnose and arabinofuranose moieties. The sequencing of the glycoside chains was achieved by analysis of HMBC and NOESY experiments. HMBC correlations observed between δH 4.85 (Glc I H-1) and δC 65.4 (Agly C-1) allowed us to attach Glc I to the aglycone at its C-1.

The HMBC correlations observed δH 6.24 (Rha I H-1) and 78.9 (Glc I C-2), and between δH 5.47 (Rha II H-1) δC 67.8 (Glc I C-6), permitted us to attach Rha I, and Rha II to C-2, and C-6 of Glc I, respectively. In addition, HMBC correlations observed between δH 5.46 (Glc II H-1) and δC 80.2 (Rha II C-4), between δH 5.75 (Araf H-1) and δC 85.5 (Glc II C-3), and between δH 5.92 (Rha III H-1) and 78.7 (Glc II C-2), suggested us to connect Glc II to C-4 of Rha II, Araf to C-3 of Glc II, and Rha III to C-2 of Glc II. Furthermore, HMBC correlations observed between δH 5.62 (Glc III H-1) and δC 79.3 (Rha II C-3), between δH 4.90 (Xyl H-1) and δC 87.2 (Glc III C-3), and between δH 6.20 (Rha IV H-1) and δC 78.3 (Glc III C-2), permitted us to attach Glc III at C-3 of Rha II, and Xyl to C-3 of Glc III, and Rha IV to C-2 of Glc III. These connectivities were supported by NOESY cross-peaks correlations observed at δH / δH 4.85 (Glc I H-1)/4.65 (Agly H-1), 6.24 (Rha I H-1)/4.20 (Glc I H-2), 5.47 (Rha II H-1)/4.02 (Glc I H-6), 5.46 (Glc II H-1)/4.45 (Rha II H-4), 5.75 (Araf H-1)/4.02 (Glc II H-3), 5.92 (Rha III H-1)/4.01 (Glc II H-2), 5.62 (Glc III H-1)/4.52 (Rha II H-3), 4.90 (Xyl H-1)/4.03 (Glc III H-3) and 6.20 (Rha IV H-1)/4.13 (Glc III H-2).

Consequently, the structure of 1 was elucidated as

1-O-{β-D-xylopyranosyl-(1→3)-[α-L- rhamnopyranosyl-(1→2)]-β-D-glucopyranosyl-(1→3)-[α-L-arabinofuranosyl(1→3)-[α-L- rhamnopyranosyl-(1→2)]-β-D-glucopyranosyl-(1→4)]-α-L-rhamnopyranosyl-(1→6)-[α-L- rhamnopyranosyl-(1→2)]-β-D-glucopyranosyl}-(2E,6E)-farnes-1-ol, named cupanioidesoside A (1)
. Compound 1 is a nonaglycoside of (2E,6E)-farnesol (1) that is described for the first time in the Sapindaceae family, the previous one, been a heptaglycoside of (2E,6E)-farnesol isolated from Eriocoelum microspermum from the subfamily of Sapindoideae.

Compound 2 was obtained as a white amorphous powder. The HRESIMS (positive-ion mode) exhibited a doubly charged ion peak at m/z 1162.5153 [M + 2Na] 2+ (cacld for C50H84O27Na2, 1162.4995). Consequently Compound 2 was assigned a C50H84O27 molecular formula. Analysis of the 1 H-and 13 C-NMR spectra of 2 and comparison with compound 1 and literature data allowed the identification of (2E,6E)-farnes-1-ol as the aglycone of compound 2 (Table 1). The presence of six monosaccharide units was suggested by the six anomeric protons at 

-O-α-L-arabinofuranosyl-(1→3)-[α-L- rhamnopyranosyl-(1→2)]-β-D-glucopyranosyl-(1→4)]-α-L-rhamnopyranosyl-(1→6)-[α-L- rhamnopyranosyl-(1→2)]-β-D-glucopyranosyl-(2E,6E)-farnes-1-ol, a new natural compound,
given the trivial name cupanioidesoside B.

Compound 3 was obtained as a white amorphous powder. Its molecular formula C44H74O23 was deduced from its HRESIMS in positive-ion mode which exhibited a doubly charged ion peak [M+ 2Na] 2+ at m/z 1016.4581 (calcd 1016.4416 for C44H74O23Na2). Almost all NMR signals of the aglycone part of 3 (Tables 1 and2) were superimposable on those of 1 and 2, indicating that compound 3 has also of (2E,6E)-farnes-1-ol as aglycone. The difference between compounds 2 and 3 (146 amu lower) was identified to be one rhamnose moiety, which complete assignment was achieved by extensive analyses of 1D and 2D NMR experiments. In addition, this account for the similarities between the 1 H and 13 C NMR spectra of compounds 2 and 3 (Table 2). Instead of a hexasaccharide moiety at C-1 of (2E,6E)-farnes-1-ol aglycone in compound 2, compound 3 displayed signals for a pentasaccharide moiety attached at C-1 of the aglycone according to the analysis of 2D NMR experiments. Accordingly, the structure of 3 was elucidated as 143.6 ppm (C-13) respectively. The aglycone moiety of 4 was thus recognized to be hederagenin by 1 H NMR and 13 C NMR analyses (Table 1) using the correlations observed in COSY, HSQC, and HMBC spectra, and was in full agreement with literature data [9,12]. The chemical shifts of C-3 (δC 80.7) and C-28 (δC 176.5) (Table 1) indicated that 4 is a bidesmosidic glycoside [9,12] of hederagenin with sugar chains linked to C-3 and C-28 of the aglycone through an ether and ester bond, respectively. The sugar moieties of 4 were determined to be D-glucose (Glc), L-rhamnose (Rha), and L-arabinose (Ara) by acid hydrolysis followed by GC analysis of their trimethylsilylated derivatives and comparison with authentic samples (Section 2). The 1 H NMR spectrum of the sugar portion of compound 4 showed three anomeric signals at δH 5.08 (d, J= 6.2 Hz, Ara H-1), 6.23 (brs, Rha H-1) and 6.32 (d, J = 8.1 Hz, Glc H-1), which correlated with three anomeric carbon atom resonances at δC 104.1, 101.7 and 95.5, respectively in the HSQC spectrum (Table 2). All proton signals of the sugar moieties were identified by careful analysis of the COSY, HSQC-TOCSY and NOESY spectra. Carbon assignment was based on HSQC and further confirmed by HMBC spectrum (Table 2). Data from the above experiments indicated that Glc and Ara were in their pyranose form. The remaining anomeric protons of Glc was determined to have β anomeric configuration and α anomeric configuration for Ara, based on their relative large 3 JH-1, H-2 values (6.2-8.1 Hz) in their pyranose form. The sequencing of the glycoside chains was achieved by analysis of HMBC and NOESY experiments. The cross-peak correlations observed in the HMBC between H-1 of Ara (δH 5.08, J= 6.2 Hz) and C-3 of the aglycone (δC 80.7), and in the NOESY spectrum between H-1 of Ara (d, J= 6.2 Hz) and H-3 of hederagenin (δH 4.25, brs), suggested that Ara is directly attached to C-3 of the aglycone. Moreover, the HMBC correlation observed between H-1 of Rha (δH 6.23, brs) and C-2 of Ara (δC 75.5) established the connectivity between the two sugar units, which was confirmed by the NOESY correlation observed between H-1 of Rha (δH 6.23, brs) and H-2 of Ara (δH 4.55). The terminal positions of Rha was evidenced by the absence of any 13 C NMR glycosylation shifts for this sugar moiety. Thus, the disaccharide α-L-rhamnopyranosyl-(1→2)-α-L-arabinopyranosyl moiety was established to be linked at C-3 of the aglycone (Figure 5). For the sugar chain attached at C-28 of the aglycone, the cross peak observed in the HSQC spectrum at δH 6.32/ δC 95.5 (Glc H-1/C-1) suggested that this sugar should be directly attached to C-28 of the aglycone through an ester bond. The terminal positions of Glc was evidenced by the absence of any 13 C NMR glycosylation shifts for this sugar moiety. Thus, Glc was established to be attached at C-28 of the aglycone (Figure 5). Based on the above evidences, the structure of compound 4 was established as 3-O-α-L-rhamnopyranosyl-(1→2)-α-Larabinopyranosyl-28-O-β-D-glucopyranosylhederagenin, a new natural compound, given the name lecanioside A.

1-O-α-L- arabinofuranosyl-(1→3)-[α-L-rhamnopyranosyl-(1→2)]-β-D-glucopyranosyl-(1→4)]-α-L- rhamnopyranosyl-(1→6)-β-D-glucopyranosyl-(2E,6E)-farnes-1-ol,
The structure and absolute configuration of glucose, rhamnose and arabinose in compounds 1-4 was performed after hydrolysis of each saponin followed by derivatization and UHPLC/MS analysis. By comparison of the retention time (tR) of the monosaccharide derivatives with the standard samples, the absolute configuration of glucose, rhamnose, xylose and arabinose was determined to be D, L, D and L, respectively.

The new isolated compounds 1-4 were then tested for their antiproliferative activities against Caco-2 cell line (human epithelial cell line). None of the isolated compounds exhibited antiproliferative activity (Table 3).

Experimental

General experimental proceduresp

Optical rotations were measured on a Jasco P-2000 polarimeter. NMR experiments were performed at 298 K in pyridine-d5 and D6MSO on a Bruker AVANCE 500MHz spectrometer equipped with a 5 mm Z-gradient TCI cryoprobe. HRESIMS spectra were recorded using a UHPLC-DAD-LTQ Orbitrap XL instrument (Thermo Fisher Scientific, UK) equipped with an electrospray ionization source (ESI). Isolations were carried out using flash chromatography instrument (Spot Ultimate, Armen, France) on a silica column (Chromabond ® Flash RS 25 SiOH 40-63 µm). Vacuum-liquid chromatography (VLC) was carried out using RP-18 silica gel 60 (25-40 µm). Thin layer chromatography (TLC) was performed on precoated silica gel plates (60 F254, Merck) using the system solvent n-BuOH-AcOH-H2O, 60:15:25 as eluent. The spray reagent for saponins was vanillin reagent (10% mixture of conc. H2SO4 soln. and 1% vanillin in EtOH).

Plant Material

The roots of L. cupanioides were harvested at Mendong, Yaoundé peripheral quarter, in Cameroon in June 2019 under the guidance of Mr. Paul Nana, botanist of the National Herbarium of Cameroon (NHC), where one specimen (56612/HNC) was deposited.

Extraction and Isolation

The methanolic extract (83 g) of the roots of L. cupanioides (960 g) was suspended in 200 mL of H2O and partitioned successively with hexane, ethyl acetate and n-BuOH sat.H2O. The n-BuOH-soluble fraction was evaporated to dryness to afford (25g) of brown gum residue and dissolved in 10 mL of H2O and then submitted to vacuum-liquid chromatography (VLC) using RP-18 silica gel 60 (25-40 µm) eluted with a gradient of MeOH-H2O (100% H2O to 100%MeOH).

The 100% MeOH fraction (8 g) was subjected to Combiflash using Chromabond ® flash silica gel 60 (40-63 µm) eluted with the solvent systems CHCl3-MeOH-H2O (80:20:2 and 70:30:5) to give eight main subfractions (B1-B8). Subfraction B7 (300 mg) was purified by Combiflash using the solvent system CHCl3-MeOH-H2O (70:30:3) to give four subfractions Fr1 to Fr 4 including compound 1 in Fr 2 (50.7 mg). Subfraction B6 (200 mg) was purified by Combiflash using the solvent system CHCl3-MeOH-H2O (75:25:2) to give five subfractions Fr1 to Fr 5 including compound 2 in Fr 3 (18.9 mg). Subfraction B5 (300 mg) was purified by Combiflash using the solvent system CHCl3-MeOH-H2O (80:20:2 and 70:30:3) to give 3 (16 mg). Subfraction B4 (195 mg) was purified by Combiflash using the solvent system CHCl3-MeOH-H2O (80:20:1) to give six fractions Fr1 to Fr6. Fr3 (50 mg) was purified by sephadex LH-20 using MeOH 100% to give 4 (23.7 mg).

Cupanioidesoside A (1)

White amorphous powder; [α] 25 D -22.7 (c= 0.6, MeOH) 1 H NMR (C5D5N, 500 MHz) and 13 C NMR (C5D5N, 125 MHz) data, see Tables 1 and2; HR-ESI-MS m/z 1579.6550 ([M+Na] + , (calcd for C67H112O47Na 1579.8571)

Cupanioidesoside B (2)

White amorphous powder; [α] 25 D -31.7 (c= 1.1, MeOH) 1 H NMR (C5D5N, 500 MHz) and 13 C NMR (C5D5N, 125 MHz), see Tables 1 and2; HR-ESI-MS: m/z 1162.5153 [M+2Na] 2+ (cacld for C50H84O27Na2, 1162.4995).

Cupanioidesoside C (3)

White amorphous powder; [α] 25 D -38.7 (c= 1.7, MeOH) 1 H NMR (C5D5N, 500 MHz) and 13 C NMR (C5D5N, 125 MHz), see Tables 1 and2; HR-ESI-MS: m/z 1016.4581 [M+2Na] 2+ (calcd 1016.4416 for C44H74O23Na2).

Lecanioside A (4)

White amorphous powder; [α] 25 D + 28.7 (c= 0.8, MeOH) 1 H NMR (C5D5N, 500 MHz) and 13 C NMR (C5D5N, 125 MHz), see Tables 1 and2; HR-ESI-MS: m/z 935.4888 ([M+Na] + (calcd 935.4982 for C47H76O17Na).

Acid hydrolysis and sugar analysis

Each compound (2 mg) was refluxed in 2 N aqueous CF3COOH (3 mL) for 2 h at 100 °C. The reaction mixture was diluted with H2O (10 mL) and extracted with CH2Cl2 (3 × 5 mL). After extraction, the aqueous layer was repeatedly evaporated to dryness with MeOH until it reached a neutral pH. The sugars were first analyzed by TLC over silica gel (CHCl3-MeOH-H2O, 8:5:1) by comparison with standard samples. The following sugars were detected: D-glucose, L-arabinose, D-xylose and L-rhamnose. Furthermore, the absolute configuration of the sugar moiety was determined as previously described by Wang et al. (2012), with slight modifications [14]. Briefly, derivatization of the monosaccharide enantiomers with L-cysteine methyl ester and phenylisothiocyanate converted them into diastereoisomeric arylthiocarbamates, which were separated and detected by UHPLC/MS analysis. The hydrolyzed compounds were dissolved in 120 μL of a solution of L-cysteine methyl ester in pyridine (0.3 M) and incubated for 1 h at 90 °C.

Then 160 μL of a solution of phenyl isothiocyanate in pyridine (0.69 M) was added, and incubated for 1 h at 90 °C.

The reaction mixture was allowed to cool and diluted 20-fold with CH3CN and filtered before UHPLC/MS analysis. The injection volume was 4 μL. Each sugar standard (2 mg of L-glucose, Dglucose, L-rhamnose, D-rhamnose, L-xylose, D-xylose, L-arabinose and D-arabinose) was subjected to the same protocol, with 240 μL of the L-cysteine methyl ester solution and 320 μL of the phenyl isothiocyanate solution. The reaction mixtures were diluted 60-fold with CH3CN and filtered before UHPLC/MS analysis. The injection volume was 4 μL. The obtained solutions were analyzed with an ACQUITY UPLC BEH C18 column (100 × 2.1 mm, 1.7 μm), Waters. The column temperature was 35 °C, and the flow rate was 0.3 mL/min. Eluent A was a mixture of water and formic acid (0.05%). Eluent B was a mixture of CH CN, MeOH, and iPrOH (50/25/25 v/v) with 0.05% formic acid. The gradient consisted of linear mixtures of A and B, with 14% of eluent B at t = 0, reaching 30% at t = 22 min and 90% at t = 25 min. Then, the return to initial conditions was achieved at t = 28 min and maintained for 2 min before the next injection. Analysis of the positive extracted ion chromatograms at m/z 433, 417 and 403 (corresponding to the [M + H]+ adduct for the arylthiocarbamates obtained from glucose, rhamnose, xylose and arabinose) obtained from the samples and standards allowed for the identification of the sugar moieties in compounds 1-4. The observed retention times were 11.64, 15.17, 13.90 and 12.77 min for the samples obtained from 1-3 and 11.64, 15.19, and 12.78 for the sample obtained from 4, respectively. These retention times were in agreement with those observed for D-glucose (11.65), L-rhamnose (15.19 min), D-xylose (13.94 min) and L-arabinose (12.77 min), compared to Lglucose (10.94), D-rhamnose (14.68 min), L-xylose (12.76 min), and D-arabinose (12.90 min).

Antiproliferative bioassay

The evaluation of the cytotoxicity of compounds 1-4 against the Caco-2 cell line (human epithelial cell line, Sigma-Aldrich) was done according to Mosmann method [15] with slight modifications.

Briefly, cells (1X10 5 cells/mL) in 100 µL of complete medium, [DMEM High Glucose supplemented with 10% fetal calf serum (FCS), 2 mM L-glutamine, 1X NEAA and antibiotics (100U/mL penicillin and 100 µg/mL streptomycin)] were seeded into each well of 96-well plates and incubated at 37 °C in a humidified 5% CO2 with 95% air atmosphere. After a 24 h incubation, 100 µL of medium with various compound's concentrations and appropriate controls (DMSO, 0.5%final) were added and the plates were incubated for 72 h at 37 °C. Each plate-well was then microscope-examined for detecting possible precipitate formation before the medium was aspirated from the wells. 100 µL of MTT solution (0.5 mg/mL in DMEM) were then added to each well. Cells were incubated for 2 h at 37 °C. After this time, the MTT solution was removed and DMSO (100 µL) was added to dissolve the resulting formazan crystals. Plates were shaken vigorously (300 rpm) for 5 min. The absorbance was measured at 570 nm with a microplate spectrophotometer. DMSO was used as blank and doxorubicin (purchased from Sigma Aldrich) as positive control. CC50 were calculated by non-linear regression analysis processed on dose response curves, using Table Curve 2D V5 software. CC50 values represent the mean value calculated from three independent experiments.

Conclusion

Four terpenoid glycosides were isolated from the the roots of L. cupanioides. Their structures, established from spectral data, highlighted the presence of three new farnesyl glycosides and a new saponin, a bidesmosidic derivative of hederagenin acid. Evaluated for their potential antiproliferative effect against a human epithelial cancer cell line (Caco-2), none of these new isolated compounds showed cytotoxicity. However, from a chemotaxonomic point of view, our results represent a valuable contribution to the knowledge of the chemistry of plants of the Sapindoideae subfamily of the Sapindaceae family, some of which have revealed the presence of farnesyl glycosides. It is also worthy to note that this study is the first to describe farnesyl glycosides from this family containing up to nine monosaccharides, the previous one described only up to seven monosaccharides. 

  C) and 2D NMR (COSY, NOESY, HSQC, HSQC-TOCSY and HMBC) experiments, HRESIMS and by comparison with the literature data. Compound 1 was obtained as a white amorphous powder. The HRESIMS (positive-ion mode) exhibited a pseudomolecular ion peak at m/z 1579.6550 ([M+Na] + , calcd for C67H112O47Na 1579.8571) indicating a molecular formula of C67H112O47. The 1 H NMR spectrum of compound 1 revealed the presence of four methyl groups at δH 1.64 (s, H-12), 1.56 (s, H-13), 1.59 (s, H-14) and 1.67 (s, H-15), showing correlations in the HSQC spectrum with carbon signals at δC 25.5 (C-12), 17.5 (C-13), 15.7 (C-14) and 16.2 (C-15), respectively. Three olefinic proton signals at δH 5.63 (m, H-2), 5.18 (m, H-6) and 5.16 (m, H-10), showing correlations in the HSQC spectrum with carbon atom at δC 120.4, 124.3 and 124.6, respectively, were also observed, as well as four methylene carbon signals at δC 39.5, 26.4, 39.7, and 26.8, and one oxymethylene protons group at δH 4.28 and 4.65 (m, Ha,Hb-1), showing correlation in the HSQC spectrum with carbon atom at δC 65.4 (C-1). Furthermore, in the 13 C NMR spectrum, three other carbon signals were observed as quaternary carbon at δC 140.4 (C-3), 134.8 (C-7) and 130.0 (C

  C NMR spectrum in the region between 30-33 ppm allowed us to eliminate the other possible configurations (2E, 6Z), (2Z, 6Z), or (2Z, 6E) for this farnesol unit. The deshielded shift δC 65.4 (C-1) of the farnesol unit suggested this carbon as the point of linkage of the sugar chain. The sugar moieties of 1 were determined to be D-glucose (Glc), L-rhamnose (Rha), D-xylose (Xyl), and L-arabinofuranose (Araf) by acid hydrolysis followed by GC analysis of their trimethylsilylated derivatives and comparison with authentic samples (Section 2). The 1 H NMR spectrum of the sugar portion of compound 1 showed nine anomeric signals at δH 4.85 (d, J=7.6 Hz, Glc I H-1), 4.90 (d, J = 7.6 Hz, Xyl H-1), 5.46 (d, J = 7.6 Hz, Glc II H-1), 5.47 (d, J = 2.0 Hz, Rha II H-1), 5.62 (d, J = 7.8 Hz, Glc III H-1), 5.75 (d, J = 2.1 Hz, Araf H-1), 5.92 (d, J = 1.6 Hz, Rha III H-1), 6.20 (d, J = 1.6 Hz, Rha VI H-1), and 6.24 (d, J = 1.5 Hz, Rha I H-1), which correlated with nine anomeric carbon atom resonances at δC 101.2, 105.0, 102.8, 101.8, 102.2, 110.1, 102.7, 102.5, and 102.3, respectively in the HSQC spectrum (Table

1 .

 1 δH 4.85 (d, J = 7.4 Hz, Glc I), 6.23 (d, J = 1.5 Hz, Rha I H-1), 5.47 (d, J = 1.3 Hz, Rha II H-1), 5.46 (d, J = 9.1 Hz, Glc II H-1), 5.75 (d, J = 2.1 Hz, Araf H-1) and 5.91 (d, J = 1.5 Hz, Rha III H-1), which correlated in the HSQC spectrum with δC 101.2, 102.4, 101.8, 102.7, 110.2 and 102.7, respectively. Extensive 2D NMR analysis (Table 2) and mass spectrometry showed that compound 2 differed from 1 only by the oligosaccharide moiety at C-3 of Rha II which was glycosylated by the moiety β-Dxylopyranosyl-(1→3)-[α-L-rhamnopyranosyl-(1→2)]-β-D-glucopyranosyl, in compound 1 instead of being free at its C-3 in compound 2. The absence of any glycosylation at C-3 of Rha II in compound 2 in comparison to compound 1, was evidenced by the observation of the shielded signal δC 72.2 (-7.1 ppm) of C-3 of Rha II in compound 2 in comparison to δC 79.3 (C-3 of Rha II) in compound This was confirmed by the observation in the mass spectrum of the difference in molecular mass of 440 mass units between 1 and 2, corresponding to the loss of one pentose, one deoxyhexose, and one hexose, identified by extensive analysis of 2D NMR experiments as, one xylose, one rhamnose, and one glucose, compatible to the β-D-xylopyranosyl-(1→3)-[α-Lrhamnopyranosyl-(1→2)]-β-D-glucopyranosyl moiety, established in compound 1. Based on the above evidences, the structure of 2 was elucidated as 1

  a new natural product, given the name cupanioidesoside C. Compound 4 was obtained as a white amorphous powder. The HRESIMS (positive-ion mode) exhibited a pseudomolecular ion peak at m/z 935.4888 ([M+Na] + calcd for C47H76O17Na 935.4982) indicating a molecular formula of C47H76O17. Extensive analysis of 1D and 2D-NMR spectra ( 1 H-NMR, 1 H-NMR DOSY, 13 C-JMOD, COSY, NOESY, HSQC, TOCSY and HMBC) indicated the presence of six tertiary methyl groups at δH 0.86 (s, H-30), 0.87 (s, H-29), 0.95 (s, H-25), 1.05 (s, H-24), 1.11 (s, H-26) and 1.16 (s, H-27) showing correlations in the HSQC spectrum with their corresponding carbons at δC 23.3 (C-30), 32.9 (C-29), 15.9 (C-25), 13.7 (C-24), 17.3 (C-26) and 25.8 (C-27), respectively. Furthermore, other characteristic signals were observed such as one olefinic proton at δH 5.41 (brd, J=4.0 Hz, H-12), one oxygen bearing methine proton signal at δH 4.25 (brs, H-3), one primary alcoholic function at δH 3.72 and 4.12 (Ha and Hb-23) and one quaternary carbon, showing HSQC correlation with δC 122.6 (C-12), 80.7 (C-3), 63.3 (C-23) and
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 1 Fig. 1. Chemical structures of compounds 1-4.
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 23 Fig. 2. Key HMBC and NOESY correlations of compound 1.
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 4 Fig. 4. Key HMBC and NOESY Compound 3.
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 5 Fig. 5. Key HMBC and NOESY correlations of compound 4.

Overlapped 1 HTable 3 .

 13 NMR signals are reported without designated multiplicity. 20 Cytotoxic activities on human epithelial cell line (Caco-2) of compounds 1-4 of L. cupanioides CC50: Cytotoxic concentration 50 %)

Table 1 .

 1 NMR spectroscopic data (500 MHz for 1 H and 125 MHz for13 C) for the aglycone moieties of compounds 1-4 (δ in ppm and J in Hz) a)

	Pos 1		2		3		4	
		δC	δH	δC	δH	δC	δH	δC	δH
	1	65.4	4.28; 4.65(2H, m)	65.4	4.28; 4.63(2H,	65.2	4.38; 4.63 (2H,	38.8	1.03; 1.53
					m)		m)		
	2	120.4 5.63 (1H, m)	120.7	5.63 (1H, m)	120.9	5.52 (1H, m)	26.0	1.98; 2.19
	3	140.4 -	140.4	-	140.4	-	80.7	4.25 (1H, brs)
	4	39.5	2.02	39.6	2.01	39.5	2.00	43.1	-
	5	26.4	2.16	26.4	2.15	26.4	2.16	47.5	1.70
	6	124.3 5.18 (1H, m)	124.4	5.19 (1H, m)	124.2	5.18 (1H, m)	17.9	1.35; 1.67
	7	134.8 -	134.9	-	134.9	-	32.6	1.30; 1.58
	8	39.7	2.09	39.7	2.05	39.7	2.02	39.9	-
	9	26.8	2.09	26.8	2.10	26.7	2.10	47.8	1.74
	10	124.6 5.16 (1H, m)	124.6	5.16 (1H, m)	124.6	5.16 (1H, m)	36.2	-
	11	130.0 -	131.1	-	131.0	-	23.7	1.91; 1.91
	12	25.5	1.64 (s)	25.6	1.64 (s)	25.5 (s) 1.64	122.6 5.41 (1H, brd,
									4.0)
	13	17.5	1.56 (s)	17.5	1.56 (s)	17.5	1.56 (s)	143.6 -
	14	15.7	1.59 (s)	15.8	1.60 (s)	15.8	1.57 (s)	41.7	-
	15	16.2	1.67 (s)	16.3	1.68 (s)	16.2	1.66 (s)	28.3	1.01; 2.30
	16							23.1	1.91; 2.01
	17							46.6	-
	18							41.4	3.17 (1H, d, 13.8)
	19							45.9	1.20; 1.70
	20							30.5	-
	21							33.9	1.05; 1.30
	22							32.3	1.71; 1.80
	23							63.3	3.72; 4.12
	24							13.7	1.05 (s)
	25							15.9	0.95 (s)
	26							17.3	1.11(s)
	27							25.8	1.16 (s)
	28							176.5 -
	29							32.9	0.87 (s)
	30							23.3	0.86 (s)
		Assignments were based on the HMBC, HSQC, COSY and J mod experiments.	

a)

Overlapped

1 

H NMR signals are reported without designated multiplicity; nf: not found.

Table 2 .

 2 NMR spectroscopic data (500 MHz for 1 H and 125 MHz for 13 C) for the sugar moieties of compounds 1-4 (δ in ppm ) a)

	Pos.	1		2		3		4	
		δC	δH	δC	δH	δC	δH		
	1-O-Sugars							3-O-Sugars	
	Glc							Ara	
	1	101.2	4.85 (1H, d, 7.6)	101.2	4.85 (1H,d, 7.4)	102.9	4.87 (1H, d, 7.7)	104.1	5.08 (1H, d, 6.2)
	2	78.9	4.20	78.9	4.20	74.8	4.03	75.5	4.55
	3	78.3	4.19	78.4	4.19	78.2	4.20	74.5	4.10
	4	72.1	3.81	70.5	4.08	71.8	3.96	69.0	4.15
	5	76.8	4.05	76.9	4.04	77.1	4.09	65.5	3.68 (1H, d, 12.2); 4.25
	6	67.8	4.02 (1H, m) ; 4.64	67.8	4.02 (1H, m) ; 4.63	67.9	4.09 (1H, m) ; 4.67		
	Rha-I							Rha	
	1	102.3	6.24 (1H, d, 1.5)	102.4	6.23 (1H, d, 1.5)			101.7	6.23 (1H, brs)
	2	71.9	4.74	72.0	4.47			72.0	4.71
	3	72.5	4.54	72.5	4.53			72.3	4.62
	4	73.8	4.28	73.8	4.28			73.9	4.27
	5	69.8	4.01	69.5	4.01			69.4	4.67
	6	18.5	1.81 (1H, d, 6.2)	18.4	1.70 (1H, d, 6.2)			18.3	1.62 (1H, d, 1.8)
								28-O-Sugars	
	Rha-II							Glc	
	1	101.8	5.47 (1H, d, 2.0)	101.8	5.47 (1H, d, 1.3)	101.8	5.51 (1H, brs)	95.5	6.32 (1H, d, 8.1)
	2	72.0	4.49	72.0	4.49	72.0	4.51	73.9	4.18
	3	79.3	4.52	72.2	4.70	72.2	4.71	78.6	4.28
	4	80.2	4.45	80.2	4.45	80.4	4.45	70.9	4.34
	5	69.3	4.78	67.6	4.27	67.5	4.30	79.0	4.02
	6	18.4	1.61 (1H, d, 1.3)	18.5	1.61 (1H, d, 6.5)	18.6	1.62 (1H, d, 6.2)	62.0	4.40 (1H, m); 4.45

Assignments were based on the HMBC, HSQC, COSY, TOCSY, NOESY and Jmod experiments.
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