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STEROIDAL SAPONINS FROM Paris mairei

Xiao-xiao Liu,1 Lei Wang,2 UDC 547.918
Jie Yang,1 and Qiang Wang1*

The genus Paris (Liliaceae) comprises 24 species in the world, among which 19 species are distributed in China,
particularly in the southwestern part of the country [1, 2]. Rhizoma paridis and its preparations have been widely used in
traditional Chinese medicine for the treatment of injuries, fractures, hemorrhage, and parotitis [2]. To the best of our knowledge,
more than 50 steroidal saponins have been isolated from thirteen Paris species; however, no phytochemical study on P. mairei
has previously been reported . As part of a systematic examination of the Chinese species, we have investigated the chemical
components of the title plant.

The rhizomes of P. mairei were collected in May 2005, in Yunnan province of China, and were authenticated by
Pr. Qiang Wang (Department of Chinese Materia Medica Analysis, China Pharmaceutical University, China). A voucher
specimen was deposited in the Herbarium of the Department of Pharmacognosy, China Pharmaceutical University, China
(MAL020).

Dry raw material (15 kg) was extracted three times with ethanol (80%). The extract was concentrated and suspended
in H2O, then successively extracted with petroleum ether, chloroform, and n-butanol.

The n-butanol extract was applied to an HPD-100 macroreticular resin column and eluted with water and aqueous
alcohol (20% and 60%). The 60% alcohol fraction was rechromatographed on silica gel eluted with chloroform–methanol
gradient. The subfractions were purified on Sephadex LH-20 and ODS to afford compounds 1–7. These compounds were
elucidated by IR, 1H NMR, 13C NMR, HSQC, HMBC, and MS analysis. All these results were in good agreement with the
literature data.

Compound 1: colorless needles (MeOH), mp 270–272°C. Nagative ESI-MS: m/z 915 [M–H] –.
1H NMR (500 MHz, Py-d5, δ, ppm, J/Hz): 6.38 (1H, d, J = 1.1, H-1″), 5.66 (1H, d, J = 5.0, H-7), 5.07 (1H, d, J = 7.5,

H-1′″), 4.85 (1H, d, J = 8.0, H-1′), 4.82 (1H, H-3), 4.52 (1H, H-16), 4.25(1H, d, H-6), 3.51 (1H, H-26b), 3.40 (1H, H-26a), 1.75
(3H,  d,  J = 6.0, CH3-6″),  1.49  (3H, s, CH3-19),  1.08 (3H, d, J = 6.5, CH3-21), 0.75 (3H, s, CH3-18), 0.65 (3H, d, J = 6.0,
CH3-27).

13C NMR (125 MHz, Py-d5,  δ, ppm):  34.3 (C-1), 30.8 (C-2), 76.6 (C-3), 38.7 (C-4), 76.7 (C-5), 75.4 (C-6), 121.3
(C-7), 141.9 (C-8), 44.2 (C-9), 39.0 (C-10), 23.2 (C-11), 40.7 (C-12), 42.7 (C-13), 55.9 (C-14), 32.6 (C-15), 81.7 (C-16), 63.8
(C-17), 17.5  (C-18),  19.4 (C-19), 43.4 (C-20), 15.8 (C-21), 110.2 (C-22), 32.7 (C-23), 30.2 (C-24), 31.5 (C-25), 67.8 (C-26),
18.2 (C-27), 101.3 (C-1′), 77.8 (C-2′), 90.5 (C-3′), 70.3 (C-4′), 79.5 (C-5′), 63.4 (C-6′), 102.9 (C-1″), 73.6 (C-2″), 73.4 (C-3″),
75.2 (C-4″), 70.4 (C-5″), 19.6 (C-6″), 105.3 (C-1′″), 75.9 (C-2′″), 79.7 (C-3′″), 72.4 (C-4′″), 78.6 (C-5′″), 63.3 (C-6′″).

These assignments were completed on the basis of the results of HSQC and HMBC experiments. This compound is
characterized as 3β,5α,6α-trihydroxy-7(8)-en-isospirostanol-3-O-β-D-glucopyranosyl(1→3)-[α-L-rhamnopyranosyl(1→2)]-β-D-
glucopyranoside [3].

Compound 2: colorless needles (MeOH), mp 263–265°C. IR spectrum (KBr, νmax, cm–1): 3600–3200 (OH), 980, 920,
900, 890. Nagative ESI-MS: m/z 1029 [M–H]–.

1H NMR (500 MHz, Py-d5, δ, ppm, J/Hz): 6.37 (1H, d, J = 1.0, H-1″), 6.25 (1H, d, J = 1.3, H-1″″), 5.80 (1H, s, H-1′″),
5.29 (1H, d, J = 5.2, H-6), 3.83 (1H, m, H-3), 3.50 (2H, m, H-26), 1.75 (3H, d, J = 6.2, CH3-6″), 1.59 (3H, d, J = 5.4, CH3-6′″),
1.58 (3H, d, J = 5.9, CH3-6″″), 1.21 (3H, d, J = 7.2, CH3-21), 1.07 (3H, s, CH3-19), 0.94 (3H, s, CH3-18), 0.67 (3H, d, J = 5.8,
CH3-27).
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13C NMR (125 MHz, Py-d5, δ, ppm): 37.3 (C-1), 30.0 (C-2), 77.5 (C-3), 38.8 (C-4), 140.6 (C-5), 121.6 (C-6), 32.2
(C-7), 31.6 (C-8), 50.0 (C-9), 37.0 (C-10), 20.8 (C-11), 31.9 (C-12), 44.9 (C-13), 52.8 (C-14), 32.1 (C-15), 89.9 (C-16), 89.8
(C-17), 16.9 (C-18), 19.2 (C-19), 44.6 (C-20), 9.5 (C-21), 109.6 (C-22), 31.9 (C-23), 28.6 (C-24), 30.2 (C-25), 66.5 (C-26),
17.1 (C-27), 100.1 (C-1′), 77.9 (C-2′), 76.8 (C-3′), 77.8 (C-4′), 77.6 (C-5′), 61.0 (C-6′), 102.0 (C-1″), 72.3 (C-2″), 72.6 (C-3″),
73.9 (C-4″), 69.3 (C-5″), 18.4 (C-6″), 102.0 (C-1′″), 73.0 (C-2′″), 72.6 (C-3′″), 80.2 (C-4′″), 68.1 (C-5′″), 18.6 (C-6′″), 103.0
(C-1″″), 72.4 (C-2″″), 72.6 (C-3″″), 73.8 (C-4″″), 70.2 (C-5″″), 18.2 (C-6″″).

The compound was identified as 25(R)-pennogenin-3-O-α-L-rhamnopyranosyl(1→4)-α-L-rhamnopyranosyl(1→4)-[α-
L-rhamnopyranosyl(1→2)]-β-D-glucopyranoside [4].

Compound 3: colorless needles (MeOH), mp 276–278°C. IR spectrum (KBr, νmax, cm–1): 3600–3200 (OH), 980, 920,
900, 890. Nagative ESI-MS: m/z 869 [M–H]–.

1H NMR (500 MHz, Py-d5, δ, ppm, J/Hz): 6.25 (1H, d, J = 1.2, H-1″), 5.89 (1H, d, J = 1.7, H-1′″), 5.28 (1H, d, J = 5.1,
H-6), 3.83 (1H, m, H-3), 3.50 (2H, m, H-26), 1.74 (3H, d, J = 6.2, CH3-6″), 1.21 (3H, d, J = 7.2, CH3-21), 1.07 (3H, s, CH3-19),
0.95 (3H, s, CH3-18), 0.68 (3H, d, J = 5.8, CH3-27).

13C NMR  (125 MHz, Py-d5, δ, ppm): 37.6(C-1), 30.2 (C-2), 77.7 (C-3), 39.0 (C-4), 140.8 (C-5), 121.8 (C-6), 32.5
(C-7), 31.8 (C-8), 50.3 (C-9), 37.2 (C-10), 21.0 (C-11), 32.1 (C-12), 45.1 (C-13), 53.0 (C-14), 32.4 (C-15), 90.2 (C-16), 90.1
(C-17), 17.2 (C-18), 19.5 (C-19), 44.8 (C-20), 9.7 (C-21), 109.9 (C-22), 32.1 (C-23), 28.8 (C-24), 30.4 (C-25), 66.7 (C-26),
17.3 (C-27), 100.2 (C-1′), 78.2 (C-2′), 77.4 (C-3′), 76.7 (C-4′), 77.1 (C-5′), 62.5 (C-6′), 101.9 (C-1″), 72.5 (C-2″), 72.8 (C-3″),
74.2 (C-4″), 69.5 (C-5″), 18.7 (C-6″), 109.7 (C-1′″), 82.7 (C-2′″), 77.9 (C-3′″), 86.7 (C-4′″, 61.4 (C-5′″).

These spectral data led to the structure of 25(R)-pennogenin-3-O-α-L-arabinofuranosyl (1→4)-[α-L-rhamnopyranosyl
(1→2)]-β-D-glucopyranoside [4].

Compound 4: colorless needles (MeOH), mp 261–263°C. IR spectrum (KBr,  νmax, cm–1): 3600–3200 (OH), 980, 920,
900, 890. Nagative ESI-MS: m/z 737 [M – H]–.

1H NMR (500 MHz, Py-d5, δ, ppm, J/Hz): 6.20 (1H, d, J = 1.2, H-1″), 5.27 (1H, d, J = 5.1, H-6), 3.83 (1H, m, H-3),
3.51 (2H, m, H-26), 1.74 (3H, d, J = 6.2, CH3-6″), 1.20 (3H, d, J = 7.2, CH3-21), 1.07 (3H, s, CH3-19), 0.95 (3H, s, CH3-18),
0.68 (3H, d, J = 5.8, CH3-27).

13C NMR (125MHz, Py-d5, δ, ppm):  37.6 (C-1), 30.0 (C-2), 78.2 (C-3), 39.0 (C-4), 140.9 (C-5), 121.8 (C-6), 32.5
(C-7), 31.8 (C-8), 50.3 (C-9), 37.2 (C-10), 21.0 (C-11), 32.1 (C-12), 45.1 (C-13), 53.1 (C-14), 32.4 (C-15), 90.2 (C-16), 90.1
(C-17), 17.3 (C-18), 19.5 (C-19), 44.8 (C-20), 9.7 (C-21), 109.8 (C-22), 32.1  (C-23), 28.8 (C-24), 30.4 (C-25), 66.7 (C-26),
17.2 (C-27), 100.4 (C-1′), 79.7 (C-2′), 77.8 (C-3′), 71.9 (C-4′), 77.9 (C-5′), 62.7 (C-6′), 102.1 (C-1″), 72.6 (C-2″), 72.9 (C-3″),
74.2 (C-4″), 69.5 (C-5″), 18.7 (C-6″).

These spectral data led to the structure of 25(R)-pennogenin-3-O-α-L-rhamnopyranosyl(1→2)-β-D-glucopyranoside
[4].

Compound 5: colorless needles (MeOH), mp 295–297°C. IR spectrum (KBr, νmax, cm–1): 3500–3400 (OH), 980, 917,
898, 880. Nagative ESI-MS: m/z 883 [M–H]–.

1H NMR (500 MHz, Py-d5, δ, ppm, J/Hz): 6.37 (1H, d, J = 1.1, H-1″), 5.32 (1H, d, J = 5.2, H-6), 5.01 (1H, d, J = 8.0,
H-1′″),  3.82 (1H, m, H-3),  3.59 (2H, m, H-26),  1.75  (3H,  d,  J = 6.2, CH3-6″), 1.13 (3H, d, J = 6.9, CH3-21), 1.05 (3H, s,
CH3-19), 0.82 (3H, s, CH3-18), 0.68 (3H, d, J = 5.7, CH3-27).

13C NMR (125 MHz, Py-d5, δ, ppm):  37.3(C-1), 29.9 (C-2), 78.3 (C-3), 38.5 (C-4), 140.6 (C-5), 121.7 (C-6), 32.1
(C-7), 31.6 (C-8), 50.0 (C-9), 36.9 (C-10), 20.9 (C-11), 39.7 (C-12), 40.2 (C-13), 56.4 (C-14), 32.0 (C-15), 80.9 (C-16), 62.7
(C-17), 16.1 (C-18), 19.2 (C-19), 41.8 (C-20), 14.8 (C-21), 109.0 (C-22), 31.5 (C-23), 29.0 (C-24), 30.4 (C-25), 66.6 (C-26),
17.1 (C-27), 99.8  (C-1′), 78.5 (C-2′), 89.3 (C-3′), 71.3 (C-4′), 77.7 (C-5′), 62.2 (C-6′), 102.0 (C-1″), 72.3 (C-2″), 72.6 (C-3″),
73.9 (C-4″), 69.4 (C-5″), 18.4 (C-6″), 104.3 (C-1′″), 74.8 (C-2′″), 76.8 (C-3′″), 69.4 (C-4′″), 77.5 (C-5′″), 62.2 (C-6′″).

This compound is characterized as 25 (R) diosgenin-3-O-β-D-glucopyranosyl (1→3)-[α-L-rhamnopyranosyl (1→2)]-β-
D-glucopyranoside [5].

Compound 6: colorless needles (MeOH), mp 274–276°C. IR spectrum (KBr, νmax, cm–1): 3500–3300 (OH), 982, 920,
898, 866. Nagative ESI-MS: m/z 853 [M-H]–.

1H NMR (500 MHz, Py-d5, δ, ppm, J/Hz): 6.21 (1H, d, J = 1.1, H-1″), 5.85 (1H, d, J = 1.7, H-1′″), 5.25 (1H, d, J = 5.2,
H-6), 3.83 (1H, m, H-3), 3.54 (2H, m, H-26), 1.70 (3H, d, J = 6.7, CH3-6″), 1.08 (3H, d, J = 6.9, CH3-21), 1.01 (3H, s, CH3-19),
0.78 (3H, s, CH3-18), 0.64 (3H, d, J = 5.7, CH3-27).
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13C NMR (125 MHz, Py-d5, δ, ppm):  38.1(C-1), 30.7 (C-2), 77.7 (C-3), 39.6 (C-4), 141.4 (C-5), 122.4 (C-6), 32.9
(C-7), 32.3 (C-8), 50.9 (C-9), 37.7 (C-10), 21.7 (C-11), 40.5 (C-12), 41.1 (C-13), 57.2 (C-14), 32.8 (C-15), 81.7 (C-16), 63.5
(C-17), 16.9  (C-18), 20.0 (C-19), 42.6 (C-20), 15.9 (C-21), 109.9 (C-22), 32.4 (C-23), 29.9 (C-24), 31.2 (C-25), 67.5 (C-26),
17.9 (C-27), 100.8 (C-1′), 78.5 (C-2′), 78.3 (C-3′), 77.3 (C-4′), 78.0 (C-5′), 63.1 (C-6′), 102.5 (C-1″), 73.4 (C-2″), 73.0 (C-3″),
74.7 (C-4″), 70.0 (C-5″), 19.2 (C-6″), 110.2 (C-1′″), 83.2(C-2′″), 78.7 (C-3′″), 87.3 (C-4′″), 62.0 (C-5′″).

This compound is characterized as 25(R)-diosgenin-3-O-α-L-arabinofuranosyl (1→4)-[α-L-rhamnopyranosyl (1→2)]-
β-D-glucopyranoside [6, 7].

Compound 7: colorless needles (MeOH), mp 240–242°C. IR spectrum (KBr, νmax, cm–1): 3600–3200 (OH), 980, 918,
900, 865. Nagative ESI-MS: m/z 721 [M – H]–.

1H NMR (500 MHz, Py-d5, δ, ppm, J/Hz): 6.36 (1H, d, J = 1.2, H-1″), 5.31 (1H, d, J = 5.2, H-6), 3.94 (1H, m, H-3),
3.49 (2H, m, H-26), 1.77 (3H, d, J = 6.2, CH3-6″), 1.13 (3H, d, J = 7.4, CH3-21), 1.05 (3H, s, CH3-19), 0.82 (3H, s, CH3-18),
0.68 (3H, d, J = 5.7, CH3-27).

13C NMR (125 MHz, Py-d5, δ, ppm):  37.3(C-1), 30.0 (C-2), 78.1 (C-3), 38.8 (C-4), 140.7 (C-5), 121.5 (C-6), 32.1
(C-7), 31.6 (C-8), 50.1 (C-9), 37.0 (C-10), 21.0 (C-11), 39.7 (C-12), 40.3 (C-13), 56.5 (C-14), 32.0 (C-15), 80.9 (C-16), 62.7
(C-17), 16.1  (C-18), 19.2 (C-19), 41.8 (C-20), 14.8 (C-21), 109.0 (C-22), 31.5 (C-23), 29.1 (C-24), 30.4 (C-25), 66.7 (C-26),
17.1 (C-27), 100.2 (C-1′), 79.5 (C-2′), 77.8 (C-3′), 71.7 (C-4′), 77.7 (C-5′), 62.5 (C-6′), 101.9 (C-1″), 72.4 (C-2″), 72.7 (C-3″),
74.0 (C-4″), 69.3 (C-5″), 18.5 (C-6″).

Identified as 25(R)-diosgenin-3-O-α-L-rhamnopyranosyl (1→2)-β-D-glucopyranoside [8].
All these steroidal saponins were isolated for the first time from P. mairei.
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