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Three New Glycosides from Sinopodophyllum emodi (WALL.) YING
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Tow new aryltetralin-type lignan glycosides: methyl epipodophyllate 7’-0-B-p-glucopyranoyl-(1 - 6)--p-glu-
copyranoside (1), 4-demethylepipodophyllotoxin 7’-O-B-p-glucopyranoside (2), and a new phenyl ethanol glyco-
side: phenyl ethanol 4-0-B-p-xylopyranosyl-(1 - 6)-B-p-glucopyranoside (3), along with three known compounds:
junipetriolosides (4), 3,4-dihydroxy-phenyl ethanol (5), and 4-hydroxy-phenyl ethanol (6) were isolated and iden-
tified from the n-butanol extract of the roots and rhizomes of Sinopodophyllum emodi (WaLL.) YING. The struc-
tures of the above were established by means of spectral data and chemical methods.

Key words Sinopodophyllum emodi; Berberidaceae; Lignan; methyl epipodophyllate 7’-O-B-p-glucopyranoyl-(1 - 6)--p-glu-
copyranoside; 4-demethyl-epipodophyllotoxin 7'-O-f-p-glucopyranoside; phenyl ethanol 4-O-f-p-xylosyl-(1 - 6)-O-f-p-glucopyra-
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The genus of Podophyllum (Berberidaceae) are well
known due to a wide range of biological activities." The con-
stituents and activities of the major species of Podophyllum
have been reported.?’ The plants of Sinopodophyllum emodi
(WAaLL.) YING, which are mainly distributed over the western
regions of the QinLing Mountains of China, are used as a
folk medicine for treating cancer and various verrucosis in
this locality. In our previous studies of this species, two new
lignan glycosides, eight known lignans and five flavonoids
were isolated and identified.” As part of our continued study
of the constituents of this species, we new report the isolation
and identification of two new lignan glycosides, one new
phenethyl alcohol glucoside and three known compounds.

Results and Discussion

Dried roots and rhizomes of S. emodi were extracted with
95% ethanol. The ethanol extract was partitioned between
water and ether, chloroform, ethyl acetate, and n-butanol, re-
spectively. The n-butanol and ethyl acetate extracts were
chromatographed on columns of silica gel, Lobar RP-18,
Sephadex LH-20 and preparative HPLC to give compounds
1—o6.

Compound 1 was obtained as a colorless powder. Its mole-
cular formula was determined as C;sH,,O,, by high-resolu-
tion (HR)-FAB-MS. The UV spectrum of 1 showed absorp-
tion bands at A, 210 and 280 nm, suggesting the presence
of an aromatic ring. The 'H-NMR spectrum of 1 revealed
proton signals for four methyl groups at 6 3.76 (6H, s), 3.73
(3H, s), and 3.60 (3H, s), three aromatic signals at 6 7.03
(1H, s), 6.50 (2H, s), and 6.22 (1H, s), a pair of proton sig-
nals for -CH,— at 6 5.86 (1H, d, J=1.3Hz), 5.88 (1H, 4,
J=1.3 Hz) and aliphatic proton signals at ¢ 2.67—4.80 ppm.
The “C-NMR (distortionless enhancement by polarization
transfer, DEPT) spectral data of the aglycone of 1 revealed
the existence of nine quaternary carbons, eight methine car-
bons, two methylene carbons and four methyl carbons. By
comparison with the literature® and analysis of the heteronu-
clear multiple bond spectroscopy (HMBC), nuclear Over-
hauser effect spctroscopy (NOESY), and correlation spec-
troscopy (COSY) spectra. The aglycone of 1 was identified
as methyl epipodophyllate. The 'H- and '*C-NMR spectral
data of 1 showed two anomeric signals at 6 4.58 (1H, d,
J=7.6Hz) and 6 4.44 (1H, d, J=7.6Hz), and 6 105.2 and
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103.7 ppm, respectively, indicating 1 should be a diglycoside.
Acid hydrolysis of 1 gave glucose, which was compared by
TLC with a standard sample. The absolute configuration of
the glucose was shown to be Dp-glucose according to the
method reported by Hara and co-workers.” The C-1 of the
inner glucose was attached to the 7'-OH of the aglycone of 1,
as indicated by the C-7" chemical shift (6 76.9, CH), the cor-
relation of H-1 of the inner glucose and C-7' of the aglycone
in HMBC experiment, and the correlation of H-1 of the inner
glucose and H-7' (6 4.91, d, J=3.3 Hz) of the aglycone by
NOESY. From the HMBC experiment, the correlation of H-1
of the terminal glucose and C-6 (6 70.3) of the inner glucose
indicated that C-1 of the terminal glucose was linked to 6-
OH of the inner glucose. Based on these findings, the struc-
ture of 1 was identified as methoxyl epipotophyllate 7'-O-B-
p-glucopyranosyl-(1 - 6)-3-p-glucopyranoside.

Compound 2 was obtained as white needles. A molecular
formula of C,;H;,0,; for 2 was determined by HR-FAB-MS.
The '"H-NMR spectrum of 2 exhibited four aromatic proton
signals at 8 6.28 (2H, s), 7.02 (1H, s), 6.52 (1H, s), two
methoxyl proton signal at 6 3.71 (6H, s), and seven aliphatic
proton signals at § 2.95—5.96. The *C-NMR (DEPT) spec-
tral data of aglycone of 2 revealed the existence of nine qua-
ternary carbons, eight methine carbons, two methylene car-
bons and two methyl carbons. The 'H-, *C-NMR spectrum
data for 2 suggested that the aglycone of 2 was a podophyllo-
toxin-type lignan. Comparison of the spectral data with those
of 4-demethyl-podophyllotoxin and analysis of the HMBC
and nuclear Overhauser effect (NOE) spectrum of 2, sug-
gested that the aglycone of 2 was 4-demethyl-epipodophyllo-
toxin.?

The 'H- and *C-NMR spectral data showed one-anomeric
signal at 6 4.49 (1H, d, J=8.0 Hz), and 6 101.8, respectively,
indicating that 2 is a glycoside. Acid hydrolysis of 2 gave
glucose is shown TLC comparison with a standard sample.
The absolute configuration was shown to be p-glucose by the
method reported by Hara and co-workers. C-1 of the glucose
was attached to 7'-OH of the aglycone, as indicated by the C-
7' chemical shift (6 72.9, CH), the correlation of H-1 of glu-
cose and C-7' of the aglycone in the HMBC experiment, and
the correlation of H-1 of the inner glucose and H-7' (6 5.13,
d, J=3.3Hz) of the aglycone by NOESY. Based on these
findings, the structure of compound 2 was identified as 4-
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demethylepipodophyllotoxin 7’-O-B-p-glucopyranoside.

Compound 3 was obtained as an amorphous powder. A
molecular formula of C,(H,50,, for 3 was determined by
HR-FAB-MS. The '"H-NMR spectrum of 3 showed two aro-
matic proton signals at 6 7.29 (2H, dd, /=7, 1.8 Hz) and 6
7.41 (2H, dd, J=7, 1.8 Hz), and two group aliphatic signals
at 6 4.10 (2H, t, J=7.0Hz) and 2.91 (2H, t, J=7.0 Hz). The
BC-NMR spectrum (DEPT) of 3 revealed two quaternary
aromatic signals at 6 133.9 (C) and 6 157.2 (C), two methine
peaks at 6 130.6 (CH) and 6 117.2 (CH), and two aliphatic
carbon signals at § 63.7 (CH,) and 39.6 (CH,). Furthermore,
analysis of the correlations in the COSY and HMBC spectra
of 3, revealed that the aglycone of 3 was 4-hydroxyl-phenyl-
ethanol.

The 'H- and "C-NMR spectral data of 3 showed two
anomeric signals at 6 5.49 (1H, d, J=7.4 Hz) and 6 4.98 (1H,
d, J=7.4Hz), and 6 102.7 and 105.8, respectively, indicating
3 possesses two sugars. Acid hydrolysis of 3 gave glucose
and xylose, which were analyzed by TLC in companion with
standard samples and literature.” The configurations of glu-
cose and xylose were determined by the same methods used
for 1. From the HMBC experiment, 3 was shown to have the
inner sugar attached to C-4 of the aromatic ring, as indicated
by the C-4 chemical shift (§ 157.2, quaternary carbon). The
correlation of H-1 of terminal xylose and C-6 (6 69.7 ppm)
of the inner glucose indicated that C-1 of the terminal xylose
was linked at 6-OH of the inner glucose. Based on these find-
ings, the structure of 3 was identified as phenyl ethanol 4-O-
B-p-xylopyranosyl-(1 - 6)-B-p-glucopyranoside (3).

The structures of known compounds 4—6 were character-
ized on the basis of their 'H-, >*C-NMR and two dimensional
(2D)-NMR spectral, and by comparison with literature as ju-
nipetriolosides (4),® 3,4-dihydroxy-phenyl ethanol (5),” and
4-hydroxy-phenyl ethanol (6).'”

3
Table 1. 'C-NMR Spectral Data of Compounds 1—3%
Compounds
C-position 1 2 3
1 142.7 135.8 133.9
2 107.9 109.4 130.6
3 154.3 148.6 117.2
4 137.7 132.3 157.2
5 154.3 148.6 117.2
6 107.9 109.4 130.6
7 453 45.1 39.6
8 47.0 424 63.7
9 176.1 178.1
Iy 133.7 134.6
2’ 111.7 111.1
3 147.6 148.3
4 149.3 150.0
5 109.6 111.4
6 128.1 130.1
7 76.9 72.9
8’ 44.0 39.4
9’ 61.2 69.9
3,5-OMe 56.7 56.8
4-OMe 61.1
9-OMe 523
-OCH,0- 102.3 102.9
Glucose (inner) Glucose (inner)
1 103.3 101.8 102.7
2 75.2 75.1 75.1
3 78.0 78.0 78.4
4 71.6 71.9 71.2
5 78.3 78.1 77.6
6 70.3 63.0 69.7
Glucose (terminal) Xylose
1 105.2 105.8
2 75.1 74.9
3 77.9 78.2
4 71.6 71.2
5 78.2 67.1
6 62.8

a) Compounds 1 and 2 were detected in CD;0D and 3 was detected in C;DsN.
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Experimental

General Procedures Instruments used to obtain physical data and the
experimental conditions for chromatography were the same as in our previ-
ous paper.>”

Extraction and Isolation Dried roots and rhizomes of Sinopodophyl-
lum emodi (WALL.) YING 2.47kg were extracted three times with 95%
ethanol (60 min at 50 °C each time). The ethanol solution was concentrated
to afford an ethanol extract (240 g). The ethanol extract (40 g) was dissolved
in water and partitioned with ether, chloroform, ethyl acetate and n-butanol,
respectively. The ether extract (6.89 g), chloroform extract (1.33 g), ethyl ac-
etate extract (3.75g), n-butanol extract (18.6g), and water layer (12.4g)
were obtained, respectively.

The n-butanol extract (18.6 g) was subjected to column chromatography
on silica gel and by stepwise elution with a solvent mixture of chloroform,
methanol and water (40:1:0.1 -6:4:1), nine fractions (Fr. 1-9) were col-
lected. Fraction 7 was chromatographed on a Lobar column (40% MeOH )
to give three fractions (B-7-1 0.21 g, B-7-2 0.346 g, B-7-3 0.371 g). B-7-2
was chromatographed on a Sephadex column (MeOH) to give B-7-2-1 and
B-7-2-2. The B-7-2-1 fraction was chromatographed by preparative HPLC
(20% MeCN, 2 ml/min) to give compound 1 (8.4 mg). Fraction 4 was chro-
matographed on a Lobar column (40% MeOH ) to give four fractions (B-4-1
to B-4-4). Fraction B-4-2 was chromatographed by preparative HPLC (40%
MeCN, 2ml/min) to give compound 2 (6.7mg). Fraction 9 was chro-
matographed on a Lobar column (10%—20% MeOH ) to give three frac-
tions (B-9-1 to B-9-3). The B-9-2 fraction was chromatographed by prepara-
tive HPLC (2%—5% MeCN, 2 ml/min) to give compounds 3 (4.3 mg), 4
(5.2mg), 5 (6.7 mg), and 6 (3.3 mg).

Compound 1: Obtained as white powder. [a]; —120° (c=0.34). HR-
FAB-MS (positive): m/z: 771.2704 [M]" (Calcd for C35H,40,o: 771.2712).
CD: (MeOH) Ae: 288 (122.2), 274 (—14.6), 258 (—4.6), 249 (—8.5), 238.5
(—0.5),221.5 (=27.1). '"H-NMR § (ppm, CD,0D): 6.5 (2H, s, H-2, 6), 4.19
(1H, d, J=4.6 Hz, H-7), 3.62 (1H, dd, J/=11.5, 4.6 Hz, H-8), 7.03 (1H, s, H-
2"), 6.22 (1H, s, H-5"), 4.91 (1H, d, J=3.3Hz, H-7"), 2.70 (1H, m, H-8"),
3.39 (I1H, d, J=10.7, 3.7Hz, H-9'a), 3.65 (1H,d, J=10.7, 2.1 Hz, H-9'D),
3.60 (3H, s, 9-OCHj;), 3.76 (6H, s, 3,5-OCH,), 3.73 (3H, s, 4-OCHj,), 5.86
(1H, d, J=1.1Hz, -OCH,0-Ha), 5.87 (1H, d, J=1.1Hz, -OCH,0-Hb),
4.44 (1H, d, J=7.6 Hz, H-1 of inner glucose), 4.58 (1H, d, J=7.6 Hz, H-1 of
terminal glucose), 4.18 (1H, dd, J=12.0, 2.1 Hz, H-6a of inner glucose),
3.81 (1H, m, H-6b of inner glucose), 3.85 (1H,dd, /=11.3, 1.9 Hz, H-6a of
terminal glucose), 3.65 (1H, dd, J/=11.3, 5.4 Hz, H-6b of terminal glucose),
3.20—3.80 (m, H-2 to H-5 of inner glucose and terminal glucose). The 3C-
NMR spectral data are shown in Table 1.

Compound 2 was obtained as white needle, [a]; —29.3° (c=0.63
MeOH). FAB-MS (positive): 563 [M]*, 370 [M-glc]. HR-FAB-MS (posi-
tive): m/z: 563.1779 [M]*. (Caled for C,H,;)0,;: 563.1765). CD: Ae
(MeOH): 287.5 (+11.4), 274.5 (—26.2), 251.5 (—9.0), 235 (+30.7), 224.5
(—2.8), 221.5 (+7.7). '"H-NMR: §: 6.28 (2H, s, H-2, 6), 4.57 (1H, d, J=5.4
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Hz, H-7), 3.52 (1H, dd, J/=13.9, 5.4 Hz, H-8), 7.02 (1H, s, H-2"), 6.52 (1H,
s, H-5"). 5.13 (1H, d, J=3.3Hz, H-7'), 2.95 (1H, m, H-8'), 4.34 (1H, t,
J=8.5Hz, H-9'a), 4.53 (1H, m, H-9'b), 3.70 (6H, s, H-3, 5-OMe), 5.95 (1H,
d, /=0.9Hz, Ha of -OCH,0-), 5.96 (1H, d, /=0.9 Hz, Hb of -OCH,0-),
4.49 (1H, d, J=8.0 Hz, H-1 of glucose), 3.95 (1H, dd, J/=2.1, 11.5Hz, H-6a
of glucose), 3.71 (1H, dd, J=5.3, 11.5 Hz, H-6b of glucose), 3.20—3.45 (m,
H-2 to H-5 of glucose). The *C-NMR (CD,0D) spectral data are shown in
Table 1.

Compound 3 was obtained as a colorless amorphous powder, HR-FAB-
MS (positive): m/z: 455.1564 [M+Na]* (Caled for C ,H,30,,Na: 455.1529).
'H-NMR (CsD;N) &: 7.29 (2H, dd, J=7, 1.8 Hz, H-2, 6), 7.41 (2H, dd, J=7,
1.8Hz, H-3, 5), 2.91 (2H, t, J=7.0Hz, H-7), 4.10 (2H, t, J/=7.0Hz, H-8),
5.49 (1H, d, J=7.4 Hz, H-1 of glucose), 4.05 (1H, d, /=7.4, 10.5 Hz, H-2 of
glucose), 4.14—4.16 (m, H-3, 4, 5 of glucose and H-2,3,4 of xylose), 4.78
(1H, dd, /=11.3, 6.0 Hz, H-6a of glucose), 4.18 (1H, dd, /=11.3, 2.0 Hz, H-
6b of glucose), 4.98 (1H, d, J=7.4 Hz, H-1 of xylose), 3.58 (1H, dd, /=10,
12 Hz, H-5a of xylose), 4.14 (1H, m, H-5b of xylose). The '*C-NMR spec-
tral data are shown in Table 1.

Compounds 1—3 (1 mg each) were hydrolyzed (2~ HCI, 95°C, 1h). The
sugars from 1 and 2 were detected as glucose, while the sugars from 3 were
detected as glucose and xylose in TLC with a standard sample. TLC condi-
tions: CHCl; : MeOH : H,0 (65 : 35 : 10 below layer).

Acknowledgements This work was supported by the Chinese National
Natural Science Foundation and Daiko foundation of Nagoya, Japan. The
authors are grateful Miss S. Kato and Miss K. Takahashi for provide NMR,
MS data.

Reference

1) Macrae W. D., Towers G. H. H., Phytochemistry, 23, 1207—1220
(1984).

2) Cannel C., Moraes R. M., Dayan F. E., Ferreira D., Phytochemistry, 54,
115—120 (2000).

3) a), Zhao C., Huang J., Nagatsu A., Ogihara Y., Chem. Pharm. Bull.,
49, 773—775 (2001); b), Zhao C., Cao W., Huang J., Nagatsu A.,
Ogihara Y., Nat. Med., 55, 152 (2001).

4) Bush E. J, Jones D. W., J Chem. Soc., Perkin Trans. 1, 1996, 151—
155.

5) Hara S., Okabe H., Mihashi K., Chem. Pharm. Bull., 35, 501—506
(1987).

6) Pelter A., Ward R. S., J. Nat. Prod., 57, 1598—1602 (1994).

7) Mitsuhashi H., Tanaka O., Nozoe S., Nagai M., “Chemistry of Organic
Natural Products,” Nankodo Publications, 1992, 3, p. 83.

8) Comte G., Vercauteren J., Chulia A. J., Allais D. P,, Delage C., Phyto-
chemistry, 45, 1679—1682 (1997).

9) Stoll A, Renz J., Brack A., Helv. Chim. Acta, 1877—1893 (1950)

10) C.A. 16358 (1955).



