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A new diterpene glucosidd), named sylviside, was isolated from the aerial partSeéphalium sylaticum Its structure

was elucidated ag32150,200-trihydroxy-19,20-dicarboxyentkaur-16-ene 2-O-(2'-angelate)3-p-glucopyranoside, on

the basis of spectroscopic analysisi (NMR, 3C NMR, HMQC, HMBC, NOESY), and was confirmed by X-ray
crystallographic analysis. Sylvisidd)(displayed weak cytotoxicity against HeLa WT (human epitheloid cervical
carcinoma) cells and was also evaluated for its effects on reversing multidrug resistance in HelLa cells overexpressing
MDR1.

Gnaphaliumspecies (Asteraceae, tribe Inuloidae), known as
cudweeds, are annual, biennial, or perennial plants distributed
worldwide! Many of these are used in folk medicine, mostly for
respiratory and gastrointestinal diseases. Previous studies haveio
shown phenolic compounds (mainly flavonoids and phenolic acids) HO—;
and diterpeneseftkaurane type) to be the major secondary
metabolite components of these plahBiological studies have
demonstrated antidiabetic, antifeedant, antifertility, anti-inflamma-
tory, antimicrobial, choleretic, cytotoxic, and larvicidal activities 4.
of the constituents oBnaphaliumspecies 2 We report herein on
the isolation, structural elucidation, and cytotoxicity of sylviside 1
(1), a new diterpene glucoside derivative frdg sybaticumL.
[syn. Omalotheca syifatica (L.) Sch. Bip et Schultz], a perennial
plant native to Europe, Asia, and North Amerfdas inflorescence
is used in folk medicine as a diuretic and vermifd§érevious
phytochemical investigation showed the presence of flavonoids
(apigenin, isoquercitrin, luteolin, quercetin, quercimeritrin, tricin)
in the aerial parts of this plaat.!2

Compoundl was isolated as white crystal needles wit]%fp
—54.¢% (c 3.4, CHC—MeOH, 1:1). Its molecular formula was
deduced to be £H4401, on the basis of elemental analysis and
from the negative HRFABMS that showed an ion peak fVH]
+atm/z 607.2743. Intense absorption bands at 3505, 1717, 1705
1698, and 1645 cnt were observed in the IR spectrum &fin

0]

accord with the presence of hydroxyl, carbonyl, carboxylic acid,
and olefinic functions, respectively. THel NMR spectrum ofl
(CDCl;—CD40D, 5:1) exhibited signals for a glucopyranosyl moiety
in the structure. The anomeric proton appeareéla4.52 (1H, d,

J = 8.1 Hz, H-1), which correlated in theH—H COSY spectrum
with a downfield double doublet signal &t 4.66 (1H, dd,J =

9.5, 8.1 Hz, H-2. In the saméH—1H COSY experiment, the H-3
H-4', H-5, and H-6" signals could be assigned unambiguously
(Table 1). Additionally, signals of an angelate moiety were observed
aton 5.93 (1H, gqJ = 7.3, 1.5 Hz, H-3), 1.82 (3H, dgqJ = 7.3,

1.5 Hz, H-4"), and 1.74 (3H, qJ = 1.5, 1.5 Hz, H-8). The 1*%C
"NMR signals of both moieties, the sugar and angelate, were
determined from a combination of the HMQC and HMBC spectra
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Table 1. 1D and 2D NMR Data for Sylvisidelf [500 MHz:
dc, On CDClL—CD50D (5:1); TMS]

coupling %, 3B (H-C)
position 0c DEPT on (JinHz) coupling
1 465 CH 209 dd 122,34 C-2,C-3,C-5,
0.71 t 12.2 C-10, C-20
2 715 CH 403 m C-1
3 392 Ch 249 dd 12.2,3.7 C-1,C-2,C-4,
115 dd 122,117 C-5
4 577 C
5 504 CH 167 brd 122 C-1,C-6, C-7,
C-20
6 226 Ch 171 m C-4,C-5,C-7,
151 m C-8
7 345 Ch 151 brd 103 C-5, C-6, C-9,
129 m C-14
8 473 C
9 529 CH 098 brd 7.6 C-1, C-8, C-10,
C-11, C-12,
C-14, C-15,
C-20
10 398 C
11 179 CH 144 m C-8, C-10, C-12
131 m
12 321 CH 131 m C-11, C-13,
144 m C-14
13 419 CH 259 brs C-8, C-11, C-12,
C-15
14 359 CH 1.71 brd 117 C-7,C-9, C-12,
124 dd 11.7,46 C-13
15 821 CH 366 brs C-9,C-13,C-14
16 1586 C
17 1084 CH 5.06 brs C-13, C-15
494 brs
18 1743 C
19 1741 C
20 16.7 CH 084 s C-1, C-5, C-6,
C-9,C-10
O-glucose
1 99.0 CH 452 d 8.1 C-2,C2C-5
2 731 CH 4.66 dd 95,81 C-3
3 748 CH 344 t 9.5 Cc2C-4,C-5
4 701 CH 336 t 9.5 C/5C-6
5 758 CH 322 m Cc-3C-4
6' 61.3 ChH 363 dd 122,49 C4C-5
3.74 dd 122,27
O-angelate
1" 1673 C
2" 1273 C
3" 1382 CH 593 qq 73,15 C'1C-4',C-5'
4" 154 CH 1.82 dq 73,15 CC-2',C-5'
5" 199 CH 174 ¢q 15 C-1,C-2',C-3'

detected from the two carbon signalsdat 158.6 and 108.4. The
latter signal was correlated in the HMQC spectrum with two proton
resonances at, 5.06 (1H, br s) and 4.94 (1H, br s). The positions
of the functional groups and the sugar and angelate moietigs in
were determined from the HMBC spectrum. In this experiment,
the carbon signal aic 71.5 (C-2) showed a cross-peak with the
anomeric proton resonancéy(4.52) as well as the proton signals
at oy 2.09 (H-1a), 0.71 (H-1b), 2.49 (H-3a), and 1.15 (H-3b),
thereby giving the partial structure, C-C-2 (O-sugar)-C-3. This
result was supported by NOESY and NOE difference spectra in
which the anomeric protordf; 4.52, H-1) was correlated with two
protons aby 4.03 (m, H-2) and 2.49 (dd, H-3a). The methyl signal
at oy 0.84 in the HMBC spectrum showed a correlation with C-1
(0c 46.5), C-5 fc 50.4), and C-9dc 52.9). The second carbon-
bearing oxygen was placed at C-15 on the basis of the HMBC
spectrum. Finally, the structure and relative stereochemistty of
were confirmed as [215a,200-trihydroxy-19,20-dicarboxyent
kaur-16-ene 2-O-(2'-angelate)3-p-glucopyranoside (Figure 1).
The cytotoxicity of sylviside 1) was tested against two tumor
cell lines. Initial screening showed that thesd@alue of sylviside
for HeLa WT cells was 325.amol, whereas the results obtained
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Figure 1. ORTEP drawing ofl.

Table 2. Cytotoxic Activity of Sylviside () aganist HeLa WT
and HeLa MDR1-G185 Cells

ICso
compound HeLa WT HeLa MDR1-G185
sylviside @) 325.3 gmol) 1.70 (mmol)
adriamycin 231.0 (nmol) 25.6m(nol)

from the HeLa MDR1 cell line indicated that this compound had
no ability to reverse multidrug resistance in cells overexpressing
MDR1 (ICso value of 1.7 mmol). Sylvisidel) was considerably
less effective than adriamycin (used as a positive control) against
both HeLa WT and HeLa MDR1-G185 cells (Table 2).

Experimental Section

General Experimental ProceduresThe melting point (uncorrected)
was obtained on a Reichert apparatus. The optical rotation was recorded
on a JASCO-20C automatic recording spectropolarimeter (GHCI
MeOH, 1:1). The IR spectrum (CHgwas recorded on a Perkin-Elmer
FT-IR spectrometertH NMR (500 MHz, CDC}—CD;0D, 5:1) and
13C NMR (125 MHz, CDC4{—CD;0D, 5:1) spectra were measured on
a JEOL 500 MHz Lambda spectrometer with TMS as an internal
standard (at 258C). Mass spectra were recorded on a Finnigan TSQ-
700 triple-stage quadrupole mass spectrometer. TLC was performed
using Merck precoated plates (silica gel 6@4-0f 0.25 mm thickness.

A Sephadex LH-20 (Fluka) column was used for column chromatog-
raphy.

Plant Material. Aerial parts of Gnaphalium sylaticum L. were
collected in full blossom in the Vitebsk area (Republic of Belarus) and
dried at room temperature. The plant material was identified by Prof.
W. N. Reschnikov, Botanical Garden of the Belarussian Academy of
Sciences, Minsk, and a voucher specimen (WNR 12) was deposited at
the Department of Pharmacognosy and Botany, Vitebsk State Medical
University, Vitebsk, Republic of Belarus.

Extraction and Isolation. The air-dried plant material (1 kg) was
extracted under reflux with EtOH (3 Ix 1 h). The extracts were
combined and concentrated in vacuo to dryness. The dried residue (150
g) was suspended in hot water and let stand overnight. A chlorophyll
precipitate obtained was removed by filtration, and the filtrate was
partitioned between solvents of increasing polarityCEfollowed by
EtOAc, and finally BUOH). The ethyl acetate fraction was further
chromatographed on a polyamide column eluted with water, followed
by a step gradient ¥0—MeOH solvent system. TheJ&—MeOH (40:

60) fraction (120 mg) was subjected to passage over a Sephadex LH-
20 column, which was eluted witm-hexane-CH,Cl,—MeOH
(7:4:0.5, 7:4:1, 7:4:2). Sixty fractions of 50 mL each were collected
and monitored by TLC using C&l,—MeOH (7:2), visualized by
heating the plates after spraying with vanillin reagent. Crystalline
needles of sylvisidel{ 50 mg) were obtained from fraction 56 using

a mixture of methanol and water.

Sylviside (1): white crystals; mp 164165.5°C; [a]®» —54.0° (c
3.4, CHCE—MeOH, 1:1); IR (KBr)vmax 3505, 1717, 1705 1698, 1645
cm 't IH NMR, DEPT, and3C NMR spectroscopic data, together with



396 Journal of Natural Products, 2006, Vol. 69, No. 3

principal HMBC correlations, Table 1; FABMS (negative mode}
607 [M — H]*, 563 [M — COOH]"; HRFABMS (negative modejvz
607.2743 (calcd for §H43012, 607.2755).

X-ray Crystallography of Sylviside (1). Crystal data: @H4O12,
formula wt 608.275, crystal dimensions 0.30 0.01 x 0.01 mm,
orthorhombic, space groupP2:2;2;, a = 10.3683(4) A b =
15.2072(7) Ac = 23.6901(10) AV = 3735.3(3) B, Z = 4, Dcarc =
1.307 g/crd, F(000)= 1584, GOF= 1.036. The reflection data were
collected on a Bruker diffractometer with a CCD area detector using
phi and omega scans with graphite-monochromated @udgliation
(A =1.54178 A). The structure was solved, refined, and displayed using
the program package SHELTXE The finalR andR, factors for data
with | > 20 were 0.0408 and 0.0851, respectively. Crystallographic

Notes

spectrophotometrically using a Labsystems Multiscan RC reader, with
the absorbance recorded at 570 nm (test wavelength) and at 690 nm
(reference wavelength). Adriamycin (Sigma), with a well-documented
activity against cancer cell lines, was used as a positive cofitAdl.
experiments were carried out in duplicate.
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