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Abstract

Two new fatty acid-spirostan steroid glycoside esters, progenin III palmitate (1) and progenin III 

linoleate (2), were isolated from the MeOH extract of Dioscorea cayenensis rhizomes. The extract 

also yielded seven previously known spirostan and furostan steroid glycosides (3–9). The 

structures of the new compounds were established as (25R)-spirost-5-en-3β-yl O-α-L-

rhamnopyranosyl-(1→2)-[6-O-palmitoyl]-O-β-D-glucopyranoside (1) and (25R)-spirost-5-en-3β-

yl O-α-L-rhamnopyranosyl-(1→2)-[6-O-linoleoyl]-O-β-D-glucopyranoside (2) by chemical and 

spectroscopic methods, including 1D and 2D NMR. The known compounds were identified as 
progenin III (3), dioscin (4), deltonin (5), asperin (6), gracillin (7), protodioscin (8)], and methyl 

protodioscin (9).
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Dioscorea, which belongs to the Dioscoreaceae family, consists of about 600 annual or 

perennial climbing and tuberous plants. Dioscorea is mainly distributed in tropical and sub-

tropical regions. The tuberous roots of the Dioscorea species are known as yams, a few of 

which are cultivated for food due to their rich starch content. Steroid glycosides, particularly 

diosgenin-based spirostan glycosides are broadly found in most of the investigated 

Dioscorea species [1–4]. Diosgenin is a steroid sapogenin used as a precursor in the 

synthesis of many useful steroids. D. cayenensis Lam. and D. rotundata are native to tropical 

West Africa. The rhizomes of D. cayenensis, known as yellow yam, are used as food and as 

remedy for treating burns and fevers [5]. Previous phytochemical reports on D. cayenensis 
showed the existence of a pragnane glycoside, three spirostan glycosides, and three furostan 

saponins [5, 6]. In the present phytochemical study of rhizomes of D. cayenensis, seven 

spirostan and two furostan steroid saponins, including two previously undiscovered, 

progenin III palmitate (1) and progenin III linoleate (2), were isolated and identified (Figure 
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1). The new compounds were found to be spirostan glycosides esterified with a fatty acid 

unit and their structures were elucidated as (25R)-spirost-5-en-3β-yl O-α-L-

rhamnopyranosyl-(1→2)-[6-O-palmitoyl]-O-β-D-glucopyranoside (1) and (25R)-spirost-5-

en-3β-yl O-α-L-rhamnopyranosyl-(1→2)-[6-O-linoleoyl]-O-β-D-glucopyranoside (2) by 

chemical methods and spectroscopic analyses.

The MeOH extract of the plant material was subjected to chromatography over silica gel and 

RP-18 silica gel for purification of compounds 1–9. The new compounds were found to be 

hybrids of a spirostan glycoside and a fatty acid. Compound 1 showed a protonated ion [M + 

H]+ at m/z 961.6615 in its HR-ESI-TOF-MS, which indicated the neutral formula of 

C55H92O13. The resonances in the 13C NMR spectrum of 1 were ascribed to a steroid 

skeleton, two sugar moieties, and a saturated fatty acid unit. A DEPT NMR spectrum was 

used to differentiate 13C NMR resonances as six methyl, 19 methine, and five quaternary 

carbons, along with remaining methylene groups.

The IR spectrum indicated hydroxyl and ester carbonyl functions due to absorptions at 3666 

and 1738 cm−1, respectively. In the 1H NMR and 13C NMR spectra, resonances were 

observed for two tertiary methyls [δH/δC 0.84/16.4 (CH3-18) and 1.04/19.5 (CH3-19)], three 

secondary methyls [δH/δC 1.14 (d, J = 6.6 Hz)/15.1 (CH3-21), 0.69 (br. d, J = 4.8 Hz)/17.4 

(CH3-27), and 1.74 (d, J = 6.0 Hz)/18.7 (CH3-6″)], a primary methyl [δH/δC 0.85 (t, J = 6.6 

Hz)/14.4 (CH3-16″′)], a double bond [δH/δC 5.35 (br. s)/121.8 (CH-6) and δC 141.0 (C-5)], 

two oxygenated quaternary carbons [δC 109.4 (C-22) and 173.8 (C-1″′)], and two 

oxygenated methines [δH/δC 3.91/78.8 (CH-3) and 4.56/81.2 (CH-16)], along with β-D-

glucopyranose and α-L-rhamnopynose moieties [δH 4.94 (d, J = 7.2 Hz, H-1′) and 6.30 (s, 

H-1″) and δC 100.7 (C-1′), 77.9 (C-2′), 79.4 (C-3′), 71.9 (C-4′), 75.0 (C-5′), 64.6 (C-6′), 

102.2 (C-1″), 72.6 (C-2″), 72.8 (C-3″), 74.2 (C-4″), 69.6 (C-5″), and 18.7 (C-6″)]. The 

location of glucose at C-3, rhamnose at C-2′, and fatty acid at C-6′ was determined by 

HMBC correlations between H-1′/C-3, H-1″/C-2′, and H-6′/C-1‴, respectively. 

Comparative analysis of 13C NMR data of 1 with that of progenin III (3) [7, 8] also 

supported the position of a fatty acid moiety at C-6′ due to the downfield shift of C-6′ and 

the upfield shift of C-5′ resonances in 1 [9–12]. Acid hydrolysis of 1 with HCl-MeOH 

yielded methyl palmitate, which was identified by GCMS analysis as having the same 

retention time (tR for methyl palmitate: 28.6 min) as that of the standard (Sigma-Aldrich). 

The 1H and 13C NMR spectroscopic data assignment for compound 1 (Table 1) was based 

on HSQC, HMBC (Figure 2), and 1H-1H COSY spectroscopic data analyses. The NMR 

spectroscopic data of 1 were found to be similar to those of progenin III (3) [7, 8], except for 

additional resonances from the palmitoyl moiety. The stereochemistry of 1 was found to be 

similar to that of progenin III (3) [7, 8]. The sugars were identified as glucose and rhamnose 

by co-TLC (EtOAc-CHCl3-MeOH-H2O, 6:4:4:1) of standard sugars from Sigma-Aldrich 

and the sugar mixture obtained via acid hydrolysis of 1. The characteristic appearance of 

anomeric protons as a doublet (J = 7.2 Hz, H-1′) for glucopyranose and a singlet for 

rhamnopyranose revealed their β and α configurations, respectively. The absolute 

configurations of glucose and rhamnose were determined to be D and L, respectively (see 

Experimental). Eventually, the structure of progenin III palmitate (1) was established as 
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(25R)-spirost-5-en-3β-yl O-α-L-rhamnopyranosyl-(1→2)-[6-O-palmitoyl]-O-β-D-

glucopyranoside.

Compound 2 was obtained as a white powder and showed a protonated ion [M + H]+ at m/z 
985.6612 (calcd for C57H92O13 + H, 985.6616) in the HR-ESI-TOF-MS, which 

corresponded to the molecular formula of C57H92O13. The hydroxyl and carbonyl functions 

were deduced from the absorptions at 3626 and 1737 cm−1 in the IR spectrum. The 1H 

and 13C NMR data assignment (Table 1) in 2 was based on DEPT, COSY, HSQC, and 

HMBC spectra (Figure 2) and was found to be similar to that of 1, except for the additional 

resonances in 2 of two olefin bonds [δC 128.4, 128.5, 130.4, and 130.5 and δH 5.51–5.46 

(CH-9‴, 10‴, 12‴, and 13‴)]. Acid hydrolysis followed by GCMS analysis of 2, as 

described for 1, indicated a linoleoyl moiety (tR for methyl linoleate: 36.2 min), which was 

located at C-6′ by HMBC correlations of H-6′ with ester carbonyl carbon. The 

configuration of olefin bonds in the fatty acid chain was found to be cis from the typical 

absorption band at 725 cm−1 in the IR spectrum (about 967 cm−1 in the case of trans double 

bond) and characteristic 13C NMR resonances of methylene carbons (δC 26–28) adjacent to 

double bonds (δC 32–33 for trans double bond). Thus, the structure of progenin III linoleate 

(2) was elucidated as (25R)-spirost-5-en-3β-yl O-α-L-rhamnopyranosyl-(1→2)-[6-O-

linoleoyl]-O-β-D-glucopyranoside.

The known compounds were identified as progenin III (3) [7, 8], dioscin (4) [7, 8], deltonin 

(5) [8], asperin (6) [5], gracillin (7) [7, 13], protodioscin (8) [14], and methyl protodioscin 

(9) [15]. The known compounds have previously been reported to possess in vitro antifungal 

activity against different strains [16, 17].

Experimental

General experimental procedures

IR spectra were acquired on a Bruker Tensor 27 spectrophotometer. Specific rotations were 

measured at ambient temperature using a Rudolph Research Analytical Autopol IV 

automatic polarimeter. HR-ESI-TOF-MS data were obtained on an Agilent Series 1100 SL 

mass spectrometer, whereas NMR spectra were recorded on a Varian Unity Inova 600 MHz 

NMR spectrometer. Chromatography was performed using silica gel (40 μm for flash 

chromatography, 60 Å, J. T. Baker), reversed-phase RP-C18 silica gel (Polarbond, JT 

Baker), and Sephadex LH-20 (Sigma). TLC was carried out on aluminum-backed plates pre-

coated with silica gel F254 (20 × 20 cm, 200 μm, 60 Å, Merck). Visualization was 

accomplished by spraying with 5% vanillin (Sigma) solution in conc. H2SO4-EtOH (5:95), 

followed by heating. HPLC was carried out on a Waters Alliance 2695, equipped with a 996 

photodiode array detector (Waters Corp., Milford, MA), with Waters Empower-2 software. 

A Luna C 18 column (150 x 4.6 mm, 5 μm particle size, Phenomenex Inc., Torrance, CA) 

was protected with a 2 cm LC-18 guard column (Phenomenex Inc.). GCMS analyses were 

carried out on an Agilent Technologies 5975C GC and an Agilent Technologies 7890A MS 

using an Agilent DB-5ms column (30 m × 0.25 mm × 0.25 μm). The solvents (Fisher) used 

for HPLC and other chromatographic procedures were of HPLC and certified grades, 

respectively. Sugar standards were purchased from Sigma-Aldrich.
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Plant material

The plant material (rhizomes), purchased from the local market, was identified by Dr Aruna 

Weerasooriya, a plant taxonomist at the National Center for Natural Products Research, 

University of Mississippi, where a specimen (No. 9462) has been deposited. The plant 

material was sliced, air dried at 20°C, and ground into powder.

Extraction and isolation

The powder (1.1 kg) was extracted with methanol (1.5 L × 3) at 35 °C. Following removal of 

the solvent, a gummy extract (18 g) was obtained. An aliquot (17 g) was separated by 

normal phase column chromatography (NPCC) using silica gel (12″ × 2″) into 8 fractions 

(A1–A8) with EtOAc-CHCl3-MeOH-H2O (10:6:4:1) [A1 (300 mL, 571 mg), A2 (200 mL, 

1.2 g), A3 (200 mL, 474 mg), A4 (100 mL, 914 mg), A5 (100 mL, 895 mg), A6 (100 mL, 

652 mg), and EtOAc-CHCl3-MeOH-H2O (6:4:4:1), A7 (200 mL, 1.9 g), and A8 (400 mL, 

9.4 g)]. Fraction A2 was divided into 8 subfractions (A2A–A2H) by NPCC [silica gel (36″ 
× 1.0″), CHCl3-MeOH (19:1, 1.0 L), (9:1, 1.0 L), and (0:1, 1.0 L)]. Compounds 1 (3.4 mg) 

and 2 (8.6 mg) were obtained from subfractions A2G (71 mg) and A2F (61 mg), 

respectively, by NPCC [silica gel (20″ × 0.5″), EtOAc-CHCl3-MeOH-H2O (15:8:4:1, 0.5 

L)]. The MeOH soluble part (70 mg) of fraction A3 was subjected to NPCC [silica gel (20″ 
× 0.5″), CHCl3-MeOH-H2O (8:2:0.25, 250 mL)] to purify compound 3 (15.4 mg). 

Compound 4 (66.0 mg) was purified from fraction A4 by NPCC [silica gel (40″ × 1″), 

CHCl3-MeOH-H2O (8:2:0.25), 2.0 L] and reversed phase column chromatography (RPCC) 

[RP-18 silica gel (18″ × 0.5″), acetone-H2O (7:3), 0.5 L]. Compounds 5 (39.2 mg), 6 (89.0 

mg), and 7 (81.3 mg) were obtained from the MeOH soluble part of fraction A5 by NPCC 

[silica gel (40″ × 1″), CHCl3-MeOH-H2O (8:2:0.25), 2.0 L]. Fraction A8 yielded 

compounds 8 and 9 (25.0 mg) by RPCC [RP-18 silica gel (30″ × 1″), acetone-H2O (1:1), 

0.5 L] and NPCC [silica gel (40″ × 1″), CHCl3-MeOH-H2O (7:3:0.5), 2.0 L].

Sugar determination

Compound 1 (1.0 mg) was dissolved in 0.5 mL of 2 N HCl in dioxane-H2O (1:1) and heated 

at 80°C for 3 h. The mixture was diluted with H2O (1.0 mL), neutralized with NH4OH, and 

extracted with EtOAc (2 × 2 mL). The residue obtained after drying the aqueous layer was 

dissolved in pyridine (0.5 mL), and 0.1 M cysteine methyl ester hydrochloride in pyridine 

(0.5 mL) was added. The reaction mixture was heated at 60°C for 1h. An equal volume of 

phenyl isothiocyanate in pyridine (10 mg/mL) was added and heated at 60°C for 1h. The 

mixture was filtered and analyzed by reversed-phase HPLC. Acetonitrile with 0.1% HOAc 

(A) and H2O with 0.1% HOAc (B) were used as the mobile phase at a flow rate of 1 mL/min 

with the following gradient: 10 % A for 20 min and 55 % A for 25 min. The response was 

recorded at 250 nm. The process was repeated for compound 2. The standard sugar (Sigma-

Aldrich) derivatives were prepared identically and analyzed by HPLC under similar 

conditions. A pair of isomers (major & minor) was detected in each case. D-glucose and L-

rhamnose in both compounds were identified by comparing the retention times of their 

derivatives with those of authentic sugar samples [D-glucose: 12.8 min (minor)/15.5 min 

(major), L-glucose: 13.3 min (minor)/15.2 min (major), and L-rhamnose: 14.6 min (minor)/

17.4 min (major)] [18].
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Fatty acid determination

A solution of 1 (0.5 mg) in 0.5 mL of 2 N HCl in MeOH was heated at 60°C for 15 min. 

After cooling, the reaction mixture was partitioned between MeOH and hexanes (1.0 mL 

each). The process was repeated for compound 2 and the hexanes layers containing the fatty 

acid methyl esters were analyzed by GCMS [Capillary Column: DB-5ms (30 m × 0.25 mm 

× 0.25 μm); carrier gas He; pressure: 19.98 psi; injection volume 1 μL; split ratio 20:1; 

injection temperature 250°C; detector temperature 280°C; column temperature [80°C for 2 

min, 5°C/min up to 170°C, 1°C/min up to 190°C, 6°C/min up to 260°C, 260°C for 10 m]. 

The peaks corresponding to methyl palmitate and methyl linoleate were observed at tR 28.6 

min and 36.2 min, respectively.

Progenin III palmitate (1)—Colorless solid.

[α]D
25: – 64.6 (c 0.13, MeOH).

IR (NaCl): 3666 (OH), 2924, 1738 (C=O), 1658, 1548, 1467, 1378, 1177, 1052 cm−1.

1H NMR (pyridine-d5, 600 MHz): Table 1

13C NMR (pyridine-d5, 150 MHz): Table 1.

HR-ESI-TOF-MS (+ve ion mode): m/z [M + H]+ calcd for C55H92O13 + H, 961.6616; 

found: 961.6615.

Progenin III linoleate (2)—Colorless solid.

[α]D
25: – 53.9 (c 0.2, MeOH).

IR (NaCl): 3626 (OH), 2925, 1737 (C=O), 1603, 1515, 1453, 1377, 1144, 1050, 725 cm−1.

1H NMR (pyridine-d5, 600 MHz): Table 1

13C NMR (pyridine-d5, 150 MHz): Table 1.

HR-ESI-TOF-MS (+ve ion mode): m/z [M + H]+ calcd for C57H92O13 + H, 985.6616; 

found: 985.6612.
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Figure 1. 
Structures of isolated compounds.
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Figure 2. 
Key HMBC correlations of 1 and 2.
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Table 1

1H and 13C NMR spectroscopic data of compounds 1 and 2 (pyridine-d5, 600 MHz/150 MHz).

Position

δC

1

δC

2

δH
a (HMQC) δH

a (HMQC)

1 37.7 1.82 m, 1.12 m 37.7 1.84 m, 1.11 m

2 30.1 2.20 m, 1.90 m 30.1 2.21 m, 1.91 m

3 78.8 3.91 m 78.8 3.95 m

4 39.1 2.79 br. d (12.6), 2.70 t (12.6) 39.2 2.75 br. d (12.6), 2.82 t (12.6)

5 141.0 141.0

6 121.8 5.35 br. s 121.8 5.35 br. s

7 32.4 1.88, 1.44 32.4 1.87, 1.47

8 31.8 1.62 m 31.8 1.63 m

9 50.4 0.94 m 50.4 0.95 m

10 37.2 37.2

11 21.2 1.53, 1.44 21.2 1.52, 1.45

12 40.0 1.72, 1.14 40.0 1.73, 1.15

13 40.5 40.6

14 56.7 1.09 m 56.8 1.10 m

15 32.3 2.05, 1.51 32.3 2.06, 1.52

16 81.2 4.56 m 81.2 4.56 m

17 63.0 1.82 63.0 1.83

18 16.4 0.84 s 16.4 0.86 s

19 19.5 1.04 s 19.5 1.07 s

20 42.0 1.96 m 42.0 1.98 m

21 15.1 1.14 d (6.6) 15.1 1.16 d (6.6)

22 109.4 109.4

23 31.9 1.72, 1.66 31.9 1.71, 1.65

24 29.2 1.56, 1.31 29.3 1.57, 1.33

25 30.6 1.58 30.7 1.59

26 66.9 3.58 br. d (10.2), 3.49 t (10.2) 66.9 3.59 br. d (10.2), 3.51 t (10.2)

27 17.4 0.69 br. d (4.8) 17.4 0.70 br. d (4.2)

1′ 100.7 4.94 d (7.2) 100.7 5.00 d (7.0)

2′ 77.9 4.21 77.8 4.25

3′ 79.4 4.25 79.4 4.27

4′ 71.9 3.96 71.9 3.97

5′ 75.0 3.99 75.0 4.00

6′ 64.6 4.92, 4.75 64.6 4.94, 4.79

1″ 102.2 6.30 s 102.2 6.37 s

2″ 72.6 4.79 br. s 72.6 4.80 br. s

3″ 72.8 4.59 dd (3.0, 9.6) 72.9 4.62 dd (2.4, 9.3)

4″ 74.2 4.35 t (9.6) 74.2 4.36 t (9.3)

5″ 69.6 4.93 69.6 4.96
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Position

δC

1

δC

2

δH
a (HMQC) δH

a (HMQC)

6″ 18.7 1.74 d (6.0) 18.7 1.77 d (6.6)

Pal-1‴ 173.8

2‴ 34.5 2.35 m

3‴ 25.4 1.63 m

14‴ 32.2 1.26

15‴ 23.0 1.29

16‴ 14.4 0.85 t (6.6)

Lin-1‴ 173.7

2‴ 34.5 2.36 m

3‴ 25.4 1.64 m

8‴, 14‴ 27.6 2.12

9‴, 10‴, 12‴, 13‴ 128.4, 128.5, 130.4, 130.5 5.51-5.46

11‴ 26.1 2.90

16‴ 32.2 1.28

17‴ 23.0 1.29

18‴ 14.4 0.88 t (6.0)

Other CH2 29.3–30.3 1.35-1.16 29.3–30.3 1.35-1.16

a
Multiplicity is not clear for some resonances due to overlapping, chemical shifts are in ppm, J in parenthesis are in Hertz.
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