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Abstract: To study the chemical and bioactive characteristics of bergenin derivatives which were purified from Saxifraga
melanocentra Franch. , a new gallic acid ester of bergenin, 11-0 -(4 - O-methylgalloyl) bergenin (1) was isolated from the
aerial parts of Saxifraga melanocentra Franch., and its structure was established mainly on the basis of 1D and 2D NMR
spectroscopic analysis. It showed weak inhibitory activity against HCV NS3 serine protease with ICsy of 0.32 mg/ml.
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Bergenin ( Chinese named yan-baicai-su), a fa- 1996) . In the course of our screening natural products

mous antitussive agent which has been used clinically
for many years, is a major constituent from the genus of
Bergenia and Saxifraga (Saxifragaceae) and the other
plant species. It showed a variety of biological activi-
ties, including antioxidant, hepatoprotective (Kim et
al . 2000), antiarrhythmic (Pu et al . 2002), anti-ul-
cer (Goel et al. 1997) and anti-HIV (Piacente et al .
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as Hepatis C virus (HCV) inhibitors, we studied the
active constituents of Saxifraga melanocentra Franch
previously (Zuo et al. 2005a). Further investigation
of its active constitution led us to isolate a new berge-
nin derivative, 11-0 -(4 - O-methylgalloyl) bergenin
1, and four known ones, i.e. 11-0 -(3, 4 -di-O-
methylgalloyl) bergenin 2 (Jia et al. 1995), 11-0-
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Fig. 1 Structures of compounds 1-5

galloylbergenin 3 ( Yoshida et al. 1982), 11-0 -(4-
hydroxy benzoyl) bergenin 4 (Fuji et al. 1996) and
bergenin 5 (Taneyama et al. 1983). The present pa-
per describes the structural elucidation of the new gallic
1). Compounds 1 -5
showed weak to moderate inhibitory activities against
HCV NS3 serine protease (Table 1) .

Compound 1 was obtained as colorless needles,
whose molecular formula Cy, H,, O,; was established by
HRESIMS spectrum ( m/z 493.1057 [M-1]", caled.
for C, H, 0,5 493.1060) . The IR absorptions at 3390,
3250, 1726, 1704, 1608, 1464 cm™' suggested the
presence of hydroxyl and carbonyl groups. Its *C NMR
spectra exhibited characteristics of a bergenin moiety,

acid ester of bergenin ( Fig.

including a lactone group (3 163.7), two phenolic
hydroxyl groups (& 151.7 and 148.9) and a phenoxy-

Table 1 Inhibitory activities of compounds 1-5
against HCV NS3 serine protease®

two carbonyl signals at § 163.7 and 166.5 were desig-
nated to C—6 and C—1', respectively. The presence of
a methylated galloyl moiety, to which the C—11 meth-
ylene was attached by an ester linkage, was suggested
by the HMBC correlation of H—11 with carbon in the
ester, and a methoxyl group was attached to C-4" of
the galloyl moiety, also suggested by the HMBC corre-
lation of them. Therefore, the structure of Compound 1
was elucidated as 11-0 -(4-0-methylgalloyl) berge-
nin. All the signals of protons and carbons of 1 were
assigned unambiguously through analysis of the spectra
of DEPT, HSQC and HMBC (Fig. 2), and compared
with the corresponding data of compound 3. Identifica-
tion of compounds 2 =5 were performed by analysis of
their spectra of MS, IR, NMR and compared with lite-
ratures and an authentic sample of bergenin (5).

”@
OH O 0C H3

compounds ICsp (mg/ml)
1 0.32+0.08
2 >1.00 CHzO
3 0.07+0.02 ﬁ
4 >1.00 0
5 0.56+0.13

 The results are the mean values of triplicate tests.

methyl group (8 141.3, 60.6), five tertiary oxygenat-
ed and a second oxygenated linkages, which were
closely similar to those of compound 5. Its '"H NMR
spectrum showed two methoxyl singlets at & 3.88 (s,
Me) and 3.89 (s, Me), whose attached carbons were
overlapped and exhibited strongly at & 60.6 in the BC
NMR spectrum. This suggested the two methoxyl
groups were in the similar chemical situation. There
were three aromatic singlets at & 7.09, 7.17 and
7.17, of which the latter two were also overlapped to
double approximately their height in comparison with
the former singlet. The same phenomenon was further
observed by their corresponding signals at & 110.3,
110.0 and 110.0 in the " C NMR spectrum, of which

Fig. 2 Key HMBC correlations for 1

Experimental

Melting points were determined using a Kofler micro-melting
point apparatus and are uncorrected. Optical rotations were de-
termined on a Horiba SEPA-300 polarimeter. 'H and ** C NMR
spectra were determined on a Bruker ARX400 spectrometer at
400 and 100 MHz, respectively, in CD; 0D, with SiMe, as inter-
nal standard; chemical shifis are given as (ppm) values. IR
spectra were recorded on a Nicolet Magana-IR750. Electrospray
ionization and time of flight Mass spectra ( ESI-TOF-MS) were
taken on a Mariner Biospectrometry workstation. TLC plates were
made with polyamide film (China), and spots were detected by
ultraviolet (UV) and by spraying with FeCl; (5% in ethanol)
reagent. Polyamide (100 - 200 mesh, China) and Sephadex.
LH-20 ( Amersham Phammacia Biotech) was used for column
chromatography (C. C). The organic solvents used were of ana-
lytical grade. Solvents in the extracts were evaporated under re-
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duced pressure at below 40°C .

The aerial parts of S. melanocentra were bought from the
Qinghai Institute of Tibetan Medicines ( Qinghai Province, Chi-
na) in October, 2002, where a voucher specimen has been de-
posited.

Part of the experimental materials and methods have been
reported previously (Zuo et ol. 2005b). The powdered aerial
part of S.melanocentra (1 kg) were extracted with ethanol
(80% , 4L x 3) at room temperature and concentrated to dryness
in vacuum to give a crude extract (205 g) . The extract was parti-
tioned between H, 0 (600 mL) and petroleum ether (60-90°C),
chloroform, ethyl acetate and n-butanol (250 mL x 3 each) suc-
cessively. The ethyl acetate layer part (20 g) having the most
potent inhibitory activity for HCV NS3 serine protease by ca 80%
at 100 mg/mL was fractionated over silica gel C. C. with solvent
systems as ethyl acetate-methanol-H,0 (10:1:0-7:1.5:1) to
give four active fractions (Frs-1-4). The more active fraction
(Fr-3, 4.5 g) was further isolated by polyamide C. C. (ethyl
acetate-methanol-H, O (120:13:5-77:13:10)) to give com-
pounds 1-5 (50 mg, 20 mg, 16 mg, 22 mg, 3.4 g), respective-
ly (Fig. 1).

Compound 1, colorless needles (MeOH), mp: 142 -
144C; [a]20,: +39.3°(c, 0.5, E1OH); EIMS m/z (%)
494 (3), 328 (4), 208 (14), 184 (12), 167 (22), 138
(63), 121 (100), 93 (26); HRESIMS: (m/z 493.1057 [ M-
1)7, caled. for Cy Hy Oy 493.1060) . IR vl em™': 3390,
3250 (OH), 2852 (CH,), 1726, 1704 (C = 0), 1608, 1527
(aromatic) , 1464, 1349, 1236 (aromatic C-O), 864 (C-H);
'H-NMR (400 MHz, CD,COCD;, ( ppm, J Hz): 8 7.17 (s,
2H, H-2', '), 7.09 (s, 1H, H-7), 5.17 (d, 1H, J=
10.4, H-10b), 4.94 (d, 1H, J=2.0, H-11a), 4.45 (d,
IH, J=5.6 H-11B), 4.16 (m, 1H, H~4a), 4.13 (m, 1H,
H-2), 3.96 (m, 1H, H-4), 3.89 (s, 3H, C-9-OCH,),
3.88 (s, 3H, C-4'-0CH,), 3.72 (m, 1H, H-3); "C-NMR
(100 MHz, CD,COCD;, 3 ppm): 166.5 (s, COO-methylgal-
loyl), 163.7 (s, C-6), 151.7 (s, C-8), 151.3 (s, C-3’,
5'), 148.9 (s, C-10), 141.3 (s, C-9), 140.7 (s, C-4"),
126.0 (s, C-1'), 119.5 (s, C-6a), 116.7 (s, C~10a),
110.3 (d, C-7), 110.0 (d, C-2', 6'), 80.7 (d, C-4a),
80.1 (d, C-~2), 75.3 (d, C-4), 74.1 (d, C-10b), 71.5
(d, C-3), 64.3 (¢, C~11), 60.6 (q, C-9-OCH;, C-4'-
OCH; ).

Inhibitory activities of compounds 1—5 against HCV NS3
serine protease were determined in our laboratory by ELISA (Ta-
ble 1). A peptide substrate with an acetyl group at N-terminus
and a biotin at C-terminus was hydrolyzed by NS3 protease into
product with a free amino moiety at N-terminus. The product was
immobilized and the free amino moiety was analyzed (Takeshita
etal. 1997; Zuo et al. 2005a) .
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