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ABSTRACT 

In our continuing studies on saponins from Cameroonian medicinal plants, phytochemical 

investigation of Chytranthus klaineanus stem barks led to the isolation of three new oleanane-type 

saponins, named Klaineanosides A–C (1–3). Their structures were established by extensive 

analysis of their spectral data, mainly 1D (1H, 13C NMR, and DEPT) and 2D (COSY, HSQC, 

NOESY, HSQC-TOCSY, and HMBC) NMR experiments, and mass spectrometry as 3-O-β-D-

glucopyranosyl-(1→3)-β-D-xylopyranosyl-(1→4)[-β-D-xylopyranosyl(1→3)-β-D-

xylopyranosyl(1→3)-α-L-rhamnopyranosyl-(1→2)]-α-L-arabinopyranosylhederagenin (1), 3-O-β-

D-glucopyranosyl-(1→3)-β-D-xylopyranosyl-(1→4)[β-D-xylopyranosyl(1→3)-α-L-

rhamnopyranosyl-(1→2)]-α-L-arabinopyranosylhederagenin (2), and 3-O-β-D-

xylopyranosyl(1→4)-β-D-glucopyranosyl-(1→3)-α-L-rhamnopyranosyl-(1→2)-α-L-

arabinopyranosylhederagenin (3). These triterpene saponins 1–3 have hederagenin as aglycone 

with a -3Rha-2Ara-3hederagenin oligosaccharidic sequence usually found in Sapindaceae family. 
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1. Introduction 

The Sapindaceae family includes nearly 1900 species distributed in three subfamilies as 

Sapindoideae, Dodonaeoideae and Aceroideae, and about 144 genera (APG IV, 2016). These are 

trees, shrubs and herbaceous plants, mostly distributed in tropical and subtropical regions (Zu and 

Deng, 2017). Most of species are native to Australia, Asia, and Africa where they are used in 

traditional medicine to treat headache, diarrhea, rheumatism, pulmonary complaints, toothache, 

dysentery, and malaria (Burkill, 2000; Agboola et al., 2012). Triterpenoid saponins are major 

constituents of plants from this family (Delaude, 1993; Voutquenne et al., 2005; Cao et al., 2009; 

Mazzola et al 2011; Mostafa et al., 2016; Wang et al., 2017; Freitas et al., 2017; Wang Xiuling et 

al., 2017; Hu et al., 2018; Pertuit et al., 2018; Petit et al., 2019). Chythrantus klaineanus 

(Sapindoideae subfamily) is a tree or shrub of about 1-5 m high, found in Central Africa, from 

which, and to the best of our knowledge, no ethnomedicinal use is documented. Nevertheless, the 

antioxidant potential of the seed and leaves extracts of a related species, C. macrobotrys, has been 

reported (Jide and Bidemi, 2018). Previous phytochemical investigation of the stem barks of C. 

klaineanus revealed the presence of coumarin derivatives and one glycoside of ellagic acid 

(Gojayep et al., 2013). In our continuing studies of Cameroonian’s saponins containing plants 

(Noté et al., 2009, 2013, 2016, 2017, 2018), we have investigated the saponins content of the stem 

barks of C. klaineanus. 

In the present paper, we report the isolation and structure characterization of three new 

triterpenoid saponins, named Klaineanosides A–C (1–3) having hederagenin acid as aglycone. 

 

2. Results and Discussion 

The air-dried powdered stem barks of C. klaineanus (400 g) were extracted with aq-EtOH 

70% using a sonicateur apparatus. After evaporation of the solvent, the resulting dark residue was 

suspended in water and partitioned against n-BuOH saturated with water. The n-BuOH phase was 
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then evaporated to dryness affording a brown gum which was submitted to column 

chromatography (CC) using Diaion HP-20 resin yielding enriched saponins fractions which were 

submitted to VLC using silica gel to give four main subfractions. Purification of the eluated 

subfractions by Semiprep-HPLC afforded three new triterpenoid saponins, named klaineanosides 

A‒ C (1‒3) (Fig. 1). 

All the isolated saponins 1–3 were obtained as white amorphous powders. The 

monosaccharides obtained by acid hydrolysis of each compound were identified by comparison on 

TLC with authentic samples as arabinose, xylose, rhamnose and glucose. The absolute 

configurations were determined by GC analysis to be D-for glucose and xylose and L for 

rhamnose and arabinose (Chaabi et al., 2010; see 3. Experimental Section). The 1H- and 13C-NMR 

data of the monosaccharide residues were assigned starting, either from the anomeric protons, or 

from the CH3-proton doublet of rhamnose unit, by means of COSY, HSQC-TOCSY, HSQC, 

NOESY, and HMBC spectra obtained for each compound. Data from these NMR experiments 

indicated that the sugar residues were in their pyranose form, and relatively large 3JH-1, H-2 values 

6.7 - 8.0 Hz of Glc, Xyl and Ara in their pyranose form evidenced a β-anomeric orientation for 

Glc and Xyl, and an α-anomeric configuration for Ara (Ishii et al., 1981). The α-anomeric 

configuration of the L-rhamnose unit was judged by the broad singlet of its anomeric proton and 

the chemical shift value of C-5 (Luo et al., 2008). 

The HR-ESIMS (positive ion mode) of klaineanoside A (1) showed a protonated molecule 

peak at m/z 1309.6435 [M + H]+ consistent with the molecular formula C62H100O29. The 1H NMR 

and 13C NMR data of 1 displayed resonances due to the aglycone part characteristic for 

hederagenin (Table 1), a common triterpene of triterpene glycosides, which were in full agreement 

with literature data (Jung et al., 1993; Sarıkahya and Kırmızıgül 2012; Pertuit et al., 2018; Petit et 

al., 2019; see Table 1). The 1H-NMR spectrum of 1 showed six anomeric protons at δH 5.04 (d, J = 

6.7 Hz), 5.10 (d, J = 7.8 Hz), 5.31 (d, J = 7.6 Hz), 5.34 (d, J = 7.4 Hz), 5.46 (d, J = 7.9 Hz), and 
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6.28 (br s), which correlated with six anomeric carbon atom signals at δC, 105.3, 105.4, 106.5, 

106.0, 107.3, and 101.9, respectively, in the HSQC spectrum. Complete assignments of each sugar 

moiety were achieved by extensive analyses of 1D and 2D NMR experiments and GC analysis 

(see experimental Section) allowing the characterization of one α-L-arabinopyranosyl (Ara), one 

α-L-rhamnopyranosyl (Rha), one β-D-glucopyranosyl (Glc), and three β-D-xylopyranosyl (Xyl I, 

Xyl II, and Xyl III) units. The sequence of the oligosaccharide chain was obtained from the 

HMBC and NOESY experiments. The correlations observed in the HMBC spectrum between H-1 

(δH 5.04) of Ara and C-3 (δC 81.5) of the aglycone, and in the NOESY spectrum between H-1 (δH 

5.04) of Ara and H-3 (δH 4.30) of the hederagenin moiety, suggested that Ara was directly 

attached to C-3 of the aglycone. Moreover, the HMBC correlation observed between H-1 (δH 5.10) 

of Xyl I and C-4 (δC 80.5) of Ara established the connectivity between the two sugar units, which 

was confirmed by the NOESY correlation observed between H-4 (δH 4.35) of Ara and H-1 (δH 

5.10) of Xyl I. In addition, the direct and reverse HMBC correlations observed between H-1 (δH 

5.31) of Glc and C-3 (δC 86.9) of Xyl I and between H-3 (δH 4.07) of Xyl I and C-1 (δC 106.5) of 

Glc allowed us to locate Glc at C-3 of Xyl I (Fig. 2). On the other hand, the HMBC correlation 

observed between H-1 (δH 6.28) of Rha and C-2 (δC 75.7) of Ara established the connectivity 

between the two sugar units, which was confirmed by the NOESY correlations observed between 

H-2 (δH 4.56) of Ara and H-1 (δH 6.28) of Rha. Moreover, the direct and reverse HMBC 

correlations observed between H-1 (δH 5.46) of Xyl II and C-3 (δC 84.0) of Rha and between H-3 

(δH 4.81) of Rha and C-1 (δC 107.3) of Xyl II allowed us to locate Xyl II at C-3 of Rha. In 

addition, the direct and reverse HMBC correlations observed between H-1 (δH 5.34) of Xyl III and 

C-3 (δC 86.8) of Xyl II and between H-3 (δH 4.20) of Xyl II and C-1 (δC 106.0) of Xyl III allowed 

us to locate Xyl III  at C-3 of Xyl II. Thus, the hexasaccharide β-D-glucopyranosyl-(1→3)-β-D-

xylopyranosyl-(1→4)[β-D-xylopyranosyl(1→3)-β-D-xylopyranosyl(1→3)-α-L-rhamnopyranosyl-

(1→2)]-α-L-arabinopyranoside moiety was established to be linked at C-3 of the aglycone (Fig. 2). 
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Hence, the structure of klaineanoside A (1) was established as 3-O β-D-glucopyranosyl-(1→3)-β-

D-xylopyranosyl-(1→4)[β-D-xylopyranosyl(1→3)-β-D-xylopyranosyl(1→3)-α-L-

rhamnopyranosyl-(1→2)]-α-L-arabinopyranosylhederagenin. 

Extensive 2D NMR analysis of the remaining saponins 2–3 revealed that they possess all 

hederagenin as aglycone. 

HR-ESIMS of klaineanoside B (2), indicated a C57H92O25 molecular formula, as deduced 

from the protonated molecule peak at m/z 1177.5968 [M + H]+ in the positive ion mode. The 

difference between compounds 1 and 2 (132 amu lower) was identified to be one xylose moiety, 

which complete assignment was achieved by extensive analyses of 1D and 2D NMR experiments. 

In addition, this account for the similarities between the 1H and 13C NMR spectra of compounds 1 

and 2 (Table 2). Instead of a hexasaccharide moiety at C-3 of hederagenin, compound 2 displayed 

signals for a pentasaccharide moiety attached at C-3 of the aglycone according to the analysis of 

2D NMR experiments. Accordingly, klaineanoside B (2) was elucidated to be 3-O-β-D-

glucopyranosyl-(1→3)-β-D-xylopyranosyl-(1→4)[β-D-xylopyranosyl(1→3)-α-L-

rhamnopyranosyl-(1→2)]-α-L-arabinopyranosylhederagenin. 

Klaineanoside C (3) exhibited in the HR-ESIMS a protonated molecule peak at m/z 

1045.5612 [M + H]+ compatible with the molecular formula C52H84O21. The 1H NMR spectrum of 

3 showed the presence of four anomeric proton signals at δH 5.03 (d, J = 6.7 Hz), 5.11 (d, J = 7.7 

Hz), 5.45 (d, J = 7.7 Hz), and 6.28 (br s) which correlated with four anomeric carbon atom signals 

at δC, 105.2, 105.9, 107.1, and 101.8, respectively, in the HSQC spectrum. Complete assignments 

of each sugar were achieved by extensive 1D and 2D NMR analyses and GC analysis (see 

Experimental Section) allowing the characterization of one α-L-arabinopyranosyl (Ara), one α-L-

rhamnopyranosyl (Rha), one β-D-glucopyranosyl (Glc), and one β-D-xylopyranosyl (Xyl) units. 

The connectivities between these sugar moieties were achieved by HMBC and NOESY 

correlations. The cross peak correlations observed in the HMBC spectrum between H-1 (δH 5.03) 
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of Ara and C-3 (δC 81.5) of the aglycone, and in the NOESY spectrum between H-1 (δH 5.03) of 

Ara and H-3 (δH 4.29) of hederagenin, suggested that Ara was directly attached to C-3 of the 

aglycone. Moreover, the HMBC correlation observed between H-1 (δH 6.28) of Rha and C-2 (δC 

75.7) of Ara established the connectivity between the two sugar units, which was confirmed by the 

NOESY correlation observed between H-2 (δH 4.54) of Ara and H-1 (δH 6.28) of Rha. In addition, 

the HMBC correlation observed between H-1 (δH 5.45) of Glc and C-3 (δC 83.9) of Rha 

established the connectivity between the two sugar units, which was confirmed by the NOESY 

correlation observed between H-3 (δH 4.82) of Rha and H-1 (δH 5.45) of Glc. Furthermore, the 

direct and reverse HMBC correlations observed between H-1 (δH 5.11) of Xyl and C-4 (δC 80.9) of 

Glc and between H-4 (δH 4.31) of Glc and C-1 (δC 105.9) of Xyl allowed us to locate Glc at C-3 of 

Xyl. Consequently, the tetrasaccharide β-D-xylopyranosyl(1→4)-β-D-glucopyranosyl-(1→3)-α-L-

rhamnopyranosyl-(1→2)-α-L-arabinopyranosyl moiety was established to be linked at C-3 of the 

aglycone. Consequently, the structure of klaineanoside C (3) was established as acid 3-O-β-D-

xylopyranosyl(1→4)-β-D-glucopyranosyl-(1→3)-α-L-rhamnopyranosyl-(1→2)-α-L-

arabinopyranosylhederagenin. 

All the three isolated saponins 1–3, shared hederagenin as aglycone and the -3Rha-2Ara-

3hederagenin oligosaccharidic sequence. This structural feature have been often encountered in the 

saponins from Sapindoideae subfamily (Delaude, 1993; Kanchanapoom et al., 2001; Voutquenne, 

2001; Huang et al., 2007; Asao et al., 2009; Voutquenne-Nazabadioko, 2010; Mazzola et al 2011; 

Hu et al., 2018; Pertuit et al., 2018; Petit et al., 2019). In addition, to the best of our knowledge, 

our study is the first phytochemical study on saponins from C. klaineanus and represents therefore 

a valuable contribution to the chemotaxonomy of Sapindoideae subfamily, which is known to be a 

rich source of triterpenoid saponins. 
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3. Experimental section 

3.1. General experimental procedures 

Optical rotations were measured on a Jasco P-2000 polarimeter. NMR experiments were 

performed at 298 K in pyridine-d5 on a Bruker AVANCE 500MHz spectrometer equipped with a 

5 mm Z-gradient TCI cryogenic probe. Chemical shifts are given in δ (ppm) value relative to TMS 

as internal standard. HRESIMS spectra were recorded on a micro TOF-ESI-TOF mass 

spectrometer (Agilent) operating in positive mode. Semipreparative high performance liquid 

chromatography (HPLC) was carried out using a LaChrom Merck Hitachi system consisting of a 

LaChrom L-7100 pump, an L-7455 DAD, and a D-7000 interface and employing a Phenomenex 

Luna 5 μm C18(2) 100 Å, 250 × 10 mm2 column. Analytical thin-layer chromatography (TLC) 

was achieved on precoated silica gel plates (Merck, Kieselgel 60 F254, 0.25 mm) using UV 254 

nm and a 1% vanillin/10% H2SO4 reagent in EtOH for visualization. Vacuum-liquid 

chromatography (VLC) was carried out using RP-18 and silica gel 60 (15-40 µm).  

 

3.2. Plant material 

The stem barks of C. klaineanus were harvested at Eloumdem, Yaoundé peripheral quarter, in 

Cameroon in October 2017 under the guidance of Mr. Victor Nana, botanist of the National 

Herbarium of Cameroon (NHC), where a voucher specimen (2338/SRFK) was deposited. 

 

3.3. Extraction and isolation  

The air-dried, powdered stems barks of C. klaineanus (400 g) were extracted with aq-EtOH 

70% using a sonicateur apparatus. The resulting hydroalcoholic solution was then evaporated to 

dryness under reduce pressure to yield brown residue (30.24 g). This residue was dissolved in 
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ethyl acetate (300 mL), and the insoluble residue (22.08 g) was suspended in 10 mL of H2O and 

partitioned in with n-BuOH sat. H2O (3 x 300 mL). The n-BuOH soluble phase was evaporated to 

dryness affording 6.63 g of brown gum residue. Part of this residue (5 g) was suspended in 100 

mL of water and then submitted to column chromatography (CC) using Diaion HP-20 resin, 

eluting with H2O, 50% MeOH, 70% MeOH, 80% MeOH, 90% MeOH, and 100% MeOH, 

successively giving four main fractions (CKT1─CKT4) after TLC monitoring. The 80%-100% 

MeOH fraction (CKT4) was evaporated to dryness yielding a crude saponin mixture (1.21 g) that 

was then submitted to VLC using silica gel 60 (15–40 μm), eluted with CH2Cl2-MeOH (80:20) 

and CH2Cl2-MeOH-H2O (70:30:5, 60:32:6.5) to give four main subfractions (CKT41─ CKT44). 

Subfraction CKT43 (325 mg) was purified by semi preparative HPLC using gradient system of 

CH3CN-H2O (30 mL/min) to yield compounds 1 (tR, 13.20 min, 7.9 mg), 2 (tR, 13.68 min, 8.5 

mg), and 3 (tR, 16.16 min, 7.2 mg). 

 

3.3.1. Klaineanoside A (1) 

White amorphous powder; [α]25
D +16.4 (c 0.01, MeOH); 1H NMR (C5D5N, 500 MHz) and 

13C NMR (C5D5N, 125 MHz) data, see Tables 1 and 2; HRESIMS m/z: 1309.6435 [M + H]+ 

(calcd for C62H100O29, 1308.6684). 

 

3.3.2. Klaineanoside B (2) 

White amorphous powder; [α]25
D +17.5 (c 0.01, MeOH); 1H NMR (C5D5N, 500 MHz) and 

13C NMR (C5D5N, 125 MHz) data, see Tables 1 and 2; HRESIMS m/z: 1177.5968 [M + H]+ 

(calcd for C57H92O25,  1176.6227). 

 

3.3.3. Klaineanoside C (3) 
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White amorphous powder; [α]25
D −21.2 (c 0.01, MeOH); 1H NMR (C5D5N, 500 MHz) and 

13C NMR (C5D5N, 125 MHz) data, see Tables 1 and 2; HRESIMS m/z: 1045.5612 [M + H]+ 

(calcd for C52H84O21, 1044.5539). 

 

3.4. Acid hydrolysis of compounds and determination of the absolute configuration of the sugar 

residues 

Each saponin (2 mg) was hydrolyzed with 2 mL of 2 M HCl at 85 °C during 2 h. After 

cooling, the solvent was removed under reduced pressure. The sugar mixture was extracted from 

the aqueous phase (10 mL) and washed with CH2Cl2 (3x 5 mL). The combined CH2Cl2 extracts 

were washed with water to give after evaporation the aglycone moiety. The sugars were first 

analyzed by TLC over silica gel (CHCl3–MeOH–H2O, 8:5:1) by comparison with standard 

samples. The absolute configuration of each monosaccharide was determined from GC–MS 

analysis of their trimethylsilylated derivatives by comparison with authentic samples using the 

method previously described (Chaabi et al., 2010). The following sugars were detected: D-

glucose, D-xylose, L-rhamnose and L-arabinose. 

 

Acknowledgments 

This work was financially supported by the World Academy of sciences (TWAS) (grant no: 

3240277733). The authors are also grateful to Mr. Victor Nana of the National Herbarium of 

Cameroon (NHC) for the identification and collection of plant. 

 

 

 

 

 

 



11 

 

 

 

 

References 

 

Agboola, O.I., Ajayi, G.O, Adesegun, S., Adesanya, S.A., 2012. Investigating the molluscicidal 

potential of some members of Nigeria sapindaceae family. Arch. Appl. Sci. Res. 4, 1240‒

1243. 

APG IV, 2016. An update of the Angiosperm Phylogeny Group classification for the orders and 

families of flowering plants: APG IV. Botanical Journal of the Linnean Society, 181, 1, 1–20, 

Asao, Y., Morikawa, Xie, T.Y., Okamoto, M., Hamao, M., Matsuda, H., Muraoka,  O., Yuan, D., 

Yoshikawa, M., 2009. Structures of acetylated oleanane-type triterpene saponins, 

Rarasaponins IV, V, and VI, and anti-hyperlipidemic constituents from the pericarps of 

Sapindus rarak. Chem. Pharm. Bull. 57, 198‒203 

Burkhill, H.M., 2000. The Useful Plants of West Tropical Africa. 5th edition. Royal Botanical 

Garden: Kew: London, UK; 682‒681.   

Cao, S., Brodie, P., Callmander, M., Randrianaivo, R., Razafitsalama, J., Rakotobe, E., 

Rasamison, V.E., TenDyke, K., Shen, Y., Suh, E.M., Kingston D.G.I., 2009. Antiproliferative 

triterpenoid saponins of Dodonaea Wiscosa from the Madagascar Dry Forest. J. Nat. Prod., 

72, 1705–1707. 

Chaabi, M., Chabert, P., Vonthron-Sénécheau, C., Weniger, B., Ouattara, M., Corstjens, H., Sente, 

I., Declercq, L., Lobstein, A., 2010. Acylated flavonol pentaglycosides from Baphia nitida 

leaves. Phytochem. Lett. 3, 70–74. 

Delaude, C., 1993. Les Sapindaceae et leurs saponines. Liege. Bull. Société R. Sci. 62, 93–120. 



12 

 

Freitas L. D., Jimenez, D., Pimentel, S., Mitaine-Offer, A.-C., Pouységu, L., Quideau, S., Paululat, 

T., Gonzalez-Mujica, F., Rojas, F.L.B., Rodríguez, M., Lacaille-Dubois, M.-A., 2017. 

Triterpene saponins from Billia rosea. Phytochemistry 141, 105‒113 

Gojayep, S. A., Bankeu, K. J. J., Awantu, F. A., Nkanwen, S. R. E., Ali Shaiq, M., Lenta, N. B., 

Guliyev, A. A., Noungoué, T. D., Ngouela, A. S., Tsamo, E., 2013. Xanthine oxidase 

inhibitory activity of compounds from Chythrantus claneianus. Bangladesh J. Pharmacol. 8, 

78‒83  

Hu, Q., Chen Y-Y., Jiao, Q-Y., Khan, A., Li, F., Han, D.-F, Cao, G.-D., Lou, H-X., 2018. 

Triterpenoid saponins from the pulp of Sapindus mukorossi and their antifungal activities. 

Phytochemistry 147, 1‒8 

Huang, H.-C., Tsai, W.-J., Liaw, C.-C., Wu, S.-H., Wu, Y.-C., Kuo, Y.-H., 2007. Anti-platelet 

aggregation triterpene saponins from the galls of Sapindus mukorossi. Chem. Pharm. Bull. 55, 

1412‒1415 

Ishii, H., Kitagawa, I., Matsushita, K., Shirakawa, K., Tori, K., Tozyo, T., Yoshikawa, M., 

Yoshimura, Y., 1981. The configuration and conformation of the arabinose moiety in 

platycodins, saponins isolated from Platycodon grandiflorum, and mi-saponins from 

Madhuca longifolia based on carbon-13 and hydrogen-1H NMR spectroscopic evidence: the 

total structures of the saponins. Tetrahedron Lett. 22, 1529–1532. 

Jide, F.F., Bidemi A.C., 2018. Antioxidant Potentials of the Methanol Seed and Leaves Extracts 

Of Chytranthus Macrobotrys (Gilg) Exell & Mendonca. J. Chem. Bio. Phy. Sci. Sec. B, 8 (2), 

475‒481. 

Jung, K.Y., Son, K.H., Do, J.C., 1993. Triterpenoids from the Roots of Dipsacus asper, Arch. 

Pharm. Res. 16, 32‒35. 

Kanchanapoom, T., Kassal, R., Yamasaki, K., 2001. Acetylated triterpene saponins from the Thai 

Medicinal Plant, Sapindus emarginatus. Chem. Pharm. Bull. 49, 1195‒1197. 



13 

 

Luo, J.G., Ma, L., Kong, L.Y., 2008. New triperpenoid saponins with strong alpha-glucosidase 

inhibitory activity from the roots of Gypsophila. Bioorg. Med. Chem. 16, 2912–2920. 

Mazzola, E. P., Parkinson, A., Kennelly, E.J., Coxon, B., Einbond, L.S., Freedberg, D.I., 2011. 

Utility of coupled-HSQC experiments in the intact structural elucidation of three complex 

saponins from Blighia sapida. Carbohydr. Res. 346, 759–768 

Mostafa, A.E., El-Hela, A.A., Mohammad, A.-E.I., Cutler, S.J., Ross, S.A., 2016. New 

triterpenoidal saponins from Koelreuteria paniculata. Phytochemistry Lett. 17, 213–218. 

Noté, O.P., Aouazou, S.A., Simo, L., Antheaume, C., Guillaume, D., Pegnyemb, D.E.,  Muller, C. 

D., Lobstein, A.,  2016. Phenotype-specific apoptosis induced by three new triterpenoid 

saponins from Albizia glaberrima (Schumach. & Thonn.) Benth. Fitoterapia 109, 80–86. 

Noté, O.P., Kamto, E.L.D., Toukea, D.D., Aouazou, S.A., Mbing, J.N., Muller, C.D., Guillaume, 

D., Pegnyemb, D.E.,  2018. Pro-apoptotic activity of new triterpenoid saponins from the roots 

of Albizia adianthifolia (Schumach.) W.Wight. Fitoterapia 129, 34–41. 

Noté, O.P., Messi, L.M., Mbing, J.N., Aouazou, S.A., Sarr, M., Guillaume, D., Muller, C.D., 

Pegnyemb, D.E., Lobstein, A., 2017. Pro-apoptotic activity of acylated triterpenoid saponins 

from the stem bark of Albizia chevalieri harms. Phytochem. Lett. 22, 95–101. 

Noté, O.P., Mitaine-Offer, A.-C., Miyamoto, T., Paululat, T., Pegnyemb, D.E., Lacaille-Dubois, 

M.-A., 2009. Tetrapterosides A and B, two new complex triterpenoid saponins from 

Tetrapleura tetraptera TAUB.  Magn. Reson. Chem. 47, 277–282. 

Noté, O.P., Tapondjou A.L., Mitaine-Offer, A.-C., Miyamoto, T., Pegnyemb, D.E., Lacaille-

Dubois, M.-A., 2013. Triterpenoidal Saponins from the Roots and Stem bark of 

Piptadeniastrum africanum. Phytochem. Lett. 6, 505−510. 

Pertuit, D., Mitaine-Offer, A.-C., Miyamoto, T., Tanaka, C., Delaude, C., Lacaille-Dubois, M.-A., 

2018. Terpenoid glycosides from the roots barks of Eriocoelum microspermum Radlk. ex 

Engl. Phytochemistry 152, 182‒190 



14 

 

Petit, B., Mitaine-Offer, A.-C., Delaude, C., Miyamoto, T., Tanaka, C., Lacaille-Dubois, M.-A., 

2019. Hederagenin glycosides from the fruits of Blighia unijugata. Phytochemistry 162, 260–

269 

Sarıkahya, N., Kırmızıgül, S., 2012. Antimicrobially Active Hederagenin Glycosides from 

Cephalaria elmaliensis. Planta Medica, 78, 828–833. 

Voutquenne, L, 2001. Saponins and hemolytic activity. Saponins and glycosides from five species 

of Sapindaceae Ann Pharm Fr, 59(6), 407‒14. 

Voutquenne, L., Guinot, P., Froissard, C., Thoison, O., Litaudon, M., Lavaud, C., 2005. 

Haemolytic acylated triterpenoid saponins from Harpullia austro-caledonica. Phytochemistry 

66, 825–835 

Voutquenne-Nazabadioko, L., 2010. Etude chimiotaxonomique de la famille des 

Sapindaceae. Ethnopharmacologia, 45, 49‒52. 

Wang, D., Yu, B., Chen, C., Duan, J., Di, D., Xiong, X., Yang, Y., Gao, H., 2017. New natural 

barrigenol-like triterpenoid isolated from the husks of Xanthoceras sorbifolia Bunge, Natural 

Product Research DOI: 10.1080/14786419.2017.1375916. 

Wang, X., Zhang, H., Liu, J., Chen, R., Tang, Y., Chen, H., Gu, L., Li, M., Cao, S., Qin, D., Wu, 

J., 2017. Inhibitory Effect of Lychee Seed Saponins on Apoptosis Induced by A_25-35 

through Regulation of the Apoptotic and NF-kB Pathways in PC12 Cells. Nutrients, 9, 337; 

doi: 10.3390/nu9040337. 

Zu, X., Deng, M., 2017. Sapindaceae. In: Identification and Control of Common Weeds: Volume 

2. Springer, Dordrecht Pages 683‒686. 

 
 

 

 

 



15 

 

 

 
 

Compound R1 R2 

1 S1 S2 
2 S1 Xyl 
3 H S3 

Fig.1. Structures of isolated compounds 1-3. 

 

 

 

 

 

Fig.2. Key HMBC and NOESY correlations for compound 1 
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Table 1. NMR spectroscopic data (500 MHz for 1H and 125 MHz for 13C) for the 
aglycone moieties of compounds 1-3 (δ in ppm and J in Hz)a) 

N° 1  2  3 

δC δH  δC δH  δC δH 
1 39.4 1.08 

1.55 
 39.4 1.08 

1.56 
 39.3 1.07 

1.56 
2 26.8 2.02 

2.26 
 26.8 2.02 

2.24 
 26.7 2.00 

2.23 
3 81.5 4.30 (dd, 11.2, 5.1)  81.5 4.29 (dd, 11.4, 5.0)  81.5 4.29 (dd, 10.3,5.6) 
4 44.0 -  44.0 -  44.0 - 
5 48.0 1.78  48.0 1.75  48.0 1.77 
6 18.5 1.38 

1.75 
 18.5 1.34 

1.74 
 18.5 1.36 

1.75 
7 33.2 1.20 

1.61 
 33.2 1.20 

1.57 
 33.2 1.23 

1.60 
8 40.1 -  40.1 -  40.1 - 
9 48.6 1.79  48.6 1.77  48.5 1.78 
10 37.3 -  37.3 -  37.2 - 
11 24.2 2.07 

2.14 
 24.2 2.07 

2.11 
 24.2 2.06 

2.09 
12 123.0 5.48 br s  123.0 5.47 br s  122.9 5.46 br s 
13 145.2 -  145.2 -  145.1 - 
14 42.5 -  42.5 -  42.5 - 
15 28.7 1.12 

2.14 
 28.7 1.10 

2.12 
 28.7 1.09 

2.11 
16 24.2 1.93 

1.97 
 24.2 1.92 

1.95 
 24.0 1.92 

1.99 
17 47.0 -  47.0 -  467.0 - 
18 42.4 3.30 (dd, 13.9, 4.7)  42.4 3.29 (dd, 13.7, 4.5)  42.3 3.30 (dd, 13.8, 4.6) 
19 46.8 1.29 

1.80 
 46.8 1.29 

1.78 
 46.7 1.25 

1.77 
20 31.4 -  31.4 -  31.3 - 
21 34.6 1.22 

1.45 
 34.6 1.18 

1.44 
 34.5 1.18 

1.43 
22 33.6 1.81 

2.05 
 33.6 1.82 

2.04 
 33.6 1.80 

2.04 
23 64.4 3.91 

4.31 
 64.4 3.90 

4.31 
 64.3 3.90 

4.30 
24 14.6 1.14 (s)  14.6 1.14 (s)  14.5 1.13 (s) 
25 16.5 0.95 (s)  16.5 0.95 (s)  16.4 0.94 (s) 
26 17.8 1.03(s)  17.8 1.02(s)  17.8 1.02(s) 
27 26.6 1.25 (s)  26.6 1.24 (s)  26.5 1.25 (s) 
28 180.6 -  180.6 -  180.5 - 
29 33.7 0.96 (s)  33.7 0.95 (s)  33.6 0.93 (s) 
30 24.2 1.02 (s)  24.2 1.02 (s)  24.1 1.00 (s) 

Assignments were based on the HMBC, HSQC, COSY and DEPT experiments. a)Overlapped 1H 
NMR signals are reported without designated multiplicity;  nf: not found.   
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Table 2. NMR spectroscopic data (500 MHz for 1H and 125 MHz for 13C) for the sugar moieties 
of compounds 1-3 (δ in ppm and J in Hz)a) 

Position 
1  2  3 

δC δH  δC δH  δC δH 
3-O-Sugars         
Ara          
1 105.3 5.04 (d, 6.7)  105.2 5.04 (d, 6.9)  105.2 5.03 (d, 6.7) 
2 75.7 4.56  75.7 4.55  75.7 4.54 
3 74.5 3.99  74.3 3.98  75.5 3.97 
4 80.5 4.35  80.5 4.36  70.1 4.11 
5 66.9 3.66 (t, 10.7);  

4.24 
 66.9 3.68 (t, 11.4); 

 4.22 
 66.7 3.64 (t, 11.6);  

4.23 (dd, 11.6; 5.1) 
Rha         
1 101.9 6.28 (br s)  101.8 6.30 (br s)  101.8 6.28 (br s) 
2 72.3 4.94  72.3 4.94  72.2 4.94 
3 84.0 4.81  84.0 4.81  83.9 4.82 
4 73.5 4.51  73.5 4.50  73.4 4.50 
5 70.0 4.71  70.0 4.71  70.0 4.70 
6 18.9 1.58 (d, 6.2)  18.9 1.57 (d, 6.1)  18.8 1.56 (d, 6.1) 
Xyl I         
1 105.4 5.10 (d, 7.8)  105.4 5.12 (d, 7.7)  105.9 5.11 (d, 7.7) 
2 75.6 3.99  75.6 3.99  75.2 3.98 
3 86.9 4.07  87.3 4.05  78.7 4.08 
4 69.2 4.02  69.3 4.03  71.1 4.14 
5 67.3 3.65 (t, 10.7);  

4.23 
 67.2 3.61 (dd, 11.4; 9.7); 

4.24 
 67.1 3.64 (t, 11.6); 

 4.23 (dd, 11.6; 5.1) 
Glc          
1 106.5 5.31 (d, 7.6)  106.7 5.27 (d, 7.7)  107.1 5.45 (d, 7.7) 
2 75.9 4.04  75.8 4.04  76.0 4.12 
3 78.6 4.17  78.7 4.15  76.6 4.26 
4 71.4 4.19  71.4 4.18  80.9 4.31 
5 77.3 3.92  77.3 3.90  77.1 3.92 
6 61.3 4.40; 4.54  61.3 4.41; 4.56  61.7 4.39; 4.52 
Xyl II         
1 107.3 5.46 (d, 7.9)  107.3 5.47 (d, 8.0)    
2 76.0 4.09  76.1 4.11    
3 86.8 4.20  76.6 4.26    
4 70.2 4.12  70.2 4.12    
5 67.3 3.60 (t, 10.9); 

 4.18 
 67.8 3.72 (t, 11.2);  

4.33 
   

Xyl III         

1 106.0 5.34 (d, 7.4)       
2 74.6 4.08       
3 76.6 4.24       
4 69.5 4.11       
5 67.8 3.74 (t 7.8);  

4.33 (dd, 11.6; 5.0) 
      

Assignments were based on the HMBC, HSQC, COSY and DEPT experiments. 
 a)Overlapped 1H NMR signals are reported without designated multiplicity. 
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