
Casearia sylvestris (Flacourtiaceae) is a shrub or small
tree widely distributed in tropical countries of South and
Central America. It has a long history of use in Brazilian
herbal medicine to treat snakebite, trauma, ulceration, fevers
and diarrhea.1—3) The leaves of C. sylvestris named “Chá de
Bugre” were used in Brazil as appetite suppressant and
weight loss products.4,5) Many diterpenoids were reported
from the C. sylvestris with antitumoral, trypanocidal and
DNA-modifying bioactivities.6—12)

In continuation of our program to search for new chemical
and bio-marker of the dietary supplement, the present paper
described the separation and structure elucidation of two new
C13 nor-isoprene glycosides, (6S,9S)-6,9-dihydroxymegasti-
man-4-en-9-O-b-D-glucopyranoside (1) and (6S,9S)-6,9-di-
hydroxymegastiman-4-en-9-O-b -D-apiofuranosyl-(1→6)-b -
D-glucopyranoside (2) from the leaves of C. sylvestris, to-
gether with four known C13 nor-isoprenoids, namely, icari-
side B5 (3),13) byzantionoside B (4),14) blumenol B (5) and
blumenol C (6),15,16) and one known C11 nor-isoprene loli-
olide (7).17) All these compounds were reported for the first
time from the title plant. Their structures (Fig. 1) were deter-
mined on the basis of 1D and 2D NMR, MS and circular
dichroism (CD) spectroscopic analyses, chemical methods
and comparison with the literature data.

Compound 1 was obtained as a colorless amorphous pow-
der, [a]D

20 �11.85 (c�0.81, MeOH). The HR-ESI-MS (m/z
411.2001, [M�Na]�, Calcd 411.1995) established the mo-
lecular formula as C19H32O8. The 13C-NMR spectrum dis-
played 19 carbon resonances, including 6 carbon resonances
[dC-1�—C-6�102.9 (d), 75.8 (d), 78.9 (d), 72.6 (d), 79.2 (d), 63.6
(t)] ascribed to a b-glucopyranosyl unit. The 1H-NMR spec-
troscopic data showed the resonances for two tertiary methyl
groups at d 1.19 and 1.23, one secondary methyl group at d

1.26 (d, J�6.0 Hz), one vinyl methyl group at d 2.12 and an
olefinic proton at d 6.01, together with the anomeric proton
of a b-D-glucopyranosyl unit at d 4.87 (d, J�8.0 Hz). These
spectroscopic data were very similar to those of icariside B5

(3)13) which was obtainted from the same subfraction at dif-
ferent retention time by preparative HPLC method. Further-
more, the same molecular weight and opposite optical rota-
tion signs indicated 1 and 3 were isomers. The b-D-glucopy-
ranosyl unit of 1 was located at C-9 due to the heteronuclear
multiple bond connectivity (HMBC) correlation (Fig. 2) ob-
served between the anomeric proton (d 4.87) and C-9 (d
75.5). The S-configuration at C-6 was confirmed by the fact
that the CD spectrum (Fig. 3) showed a strong positive cotton
effect at 220 nm and a strong negative cotton effect at 252 nm
like that of 3.13,18) The chemical shift of C-9 (d 75.5) in 1 was
different from that of 3 (d 76.9)13) which has (6S,9R) config-
urations and was in agreement with that of byzantionoside B
(4) (d 75.0)14) having S-configuration at C-9. So the absolute
configurations at C-9 of 1 were identified as 9S. The D-glu-
cose was identified by GC analysis of its acetylated thiazoli-
dine derivative after acid hydrolysis. Based on the above evi-
dence, the structure of 1 was assigned as (6S,9S)-6,9-dihy-
droxymegastiman-4-en-9-O-b-D-glucopyranoside.

Compound 2 was obtained as a colorless amorphous pow-
der. The molecular formula, C24H40O12, was determined 
by HR-ESI-MS (m/z: 543.2419 [M�Na]�, Calcd for
C24H40O12Na: 543.2417). When its 1H- and 13C-NMR spec-
troscopic data were compared with those of 1 (Table 1), a set
of additional signals of typical b-D-apiofuranosyl unit reso-
nances [dH-1� 5.83; dC-1�—C-5� 111.3 (d), 78.1 (d), 80.8 (s),
75.3 (t), 65.9 (t)] were found.19,20) The HMBC correlation be-
tween the anomeric proton (dH-1� 5.83) of apiofuranosyl unit
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Fig. 1. Structures of 1—7 Fig. 2. Key HMBC Correlations for 1



and C-6� (d 69.3) of glucopyranosyl unit confirmed the b-D-
apiofuranosyl unit was connected with C-6� of b-D-glucopy-
ranosyl. The (6S,9S) configurations of 2 were determined in
a similar manner as those of 1. The D-apiose and D-glucose
were also cofirmed by GC analysis after acid hydrolysis.
Therefore the structure of 2 was assigned as (6S,9S)-6,9-di-
hydroxymegastiman-4-en-9-O-b -D-apiofuranosyl-(1→6)-b -
D-glucopyranoside.

Experimental
General Procedures Optical rotations were measured on a Rudolph Re-

search AutoPol IV polarimeter. CD spectra were measured on a Olis DSM

20 CD spectrophotometers. IR spectra were recorded on a Bruker Tensor 27
FT-IR and MIRacle ATRFT-IR spectrometers. UV spectra were obtained on
a Hewlett-Packard 8453 UV/vis spectrometer. HR-ESI-MS data were ob-
tained on an Agilent Series 1100 SL mass spectrometer. 1H- and 13C-NMR
spectra were recorded on American Varian Mercury plus 400 (1H 400 MHz,
13C 100 MHz) NMR spectrometers. HPLC separations were conducted on a
Waters LC Module I with diode-array detector, using a Phenomenex Gemini
C18 5m ODS column (10�250 mm). Silica gel (70—230, 200—300 mesh,
Merck, Darmstadt, Germany) was used for column chromatography and sil-
ica gel GF254 for TLC. Spots on the plate were observed under UV light and
visualized by spraying with vanillin–H2SO4 followed by heating.

Plant Material The leaves of Casearia sylvestris were purchased from
Raintree Nutrition Inc. (Carson City, NV 89701) and were identified by TLC
and HPLC analyses with the authenticated sample offered by Dr. Rainer W.
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Table 1. 1H- and 13C-NMR Data of 1 and 2 (Pyridine-d5, d in ppm, J in Hz)

No.
1 2

dH
a) (mult., J, Hz) dC

b) (mult.) dH
a) (mult., J, Hz) dC

b) (mult.)

1 42.8 (s) 42.6 (s)
2 2.35 (1H, d, J�17.6 Hz) 51.3 (t) 2.41 (1H, d, J�17.6 Hz) 51.0 (t)

2.75 (1H, d, J�17.6 Hz) 2.93 (1H, d, J�17.6 Hz)
3 198.3 (s) 198.4 (s)
4 6.01 (1H, s) 126.9 (d) 6.08 (1H, s) 126.6 (d)
5 169.3 (s) 169.2 (s)
6 78.7 (s) 78.4 (s)
7 2.03 (1H, dt, J�4.8, 12.0 Hz) 35.3 (t) 2.20 (1H, m) 35.4 (t)

2.43 (1H, dt, J�2.4, 12.8 Hz) 2.55 (1H, t, J�13.2 Hz)
8 1.69 (1H, m) 33.8 (t) 1.63 (1H, m) 33.6 (t)

2.01 (1H, m) 2.10 (1H, m)
9 4.03 (1H, q, J�5.6 Hz) 75.5 (d) 4.04 (1H, m) 75.3 (d)

10 1.26 (3H, d, J�6.0 Hz) 20.8 (q) 1.21 (3H, d, J�6.0 Hz) 20.8 (q)
11 1.23 (3H, s) 24.3 (q) 1.26 (3H, s) 24.5 (q)
12 1.19 (3H, s) 24.7 (q) 1.23 (3H, s) 25.0 (q)
13 2.12 (3H, s) 22.2 (q) 2.14 (3H, s) 22.0 (q)

Glc-O-
1� 4.87 (1H, d, J�8 Hz) 102.9 (d) 4.80 (1H, d, J�7.8 Hz) 102.6 (d)
2� 3.97 (1H, m) 75.8 (d) 3.91 (1H, t, J�8.4 Hz) 75.3 (d)
3� 3.92 (1H, m) 78.9 (d) 4.20 (1H, m) 78.8 (d)
4� 4.15 (1H, t, J�9.2 Hz) 72.6 (d) 4.04 (1H, m) 72.2 (d)
5� 4.22 (1H, t, J�8.8 Hz) 79.2 (d) 4.06 (1H, m) 77.6 (d)
6� 4.31 (1H, dd, J�5.6, 11.6 Hz) 63.6 (t) 4.20 (1H, m) 69.3 (t)

4.53 (1H, dd, J�1.2, 11.6 Hz) 4.70 (1H, m)
Api-O-

1� 5.83 (1H, s) 111.3 (d)
2� 4.73 (1H, br s) 78.1 (d)
3� 80.8 (s)
4� 4.36 (1H, d, J�9.0 Hz) 75.3 (t)

4.57 (1H, d, J�9.0 Hz)
5� 4.16 (2H, br s) 65.9 (t)
6�

a) 400 MHz, b) 100 MHz.

Fig. 3. CD Spectra of 1 and 2



Bussmann (Missouri Botanical Garden). Voucher specimens (# 3247, 3812)
were deposited at National Center for Natural Products Research, University
of Mississippi, U.S.A.

Extraction and Isolation The dried and powdered plant material of C.
sylvestris (3 kg) was extracted by percolation with MeOH (4�4 l�72 h).
The MeOH solution was evaporated in vacuo to give a gummy residue
(342 g). The MeOH extracts were partitioned between H2O and EtOAc. The
EtOAc layer afforded a waxy residue (207 g), which was further separated
into nine fractions by column chromatography on silica gel (2500 g,
120�8 cm) with gradient elution of petroleum ether–EtOAc and
CHCl3–MeOH. Fraction 4 was subjected to HPLC over a Phenomenex Gem-
ini C18 5m octadecyl silica (ODS) column (10�250 mm, flow rate
6.0 ml/min) with MeOH–H2O (30 : 70) as mobile phase to yield compounds
7 (20.8 mg, tR�7.6 min) and 6 (10.4 mg, tR�9.4 min) respectively. The
residue (0.8 g) of fraction 5 was subjected to silica gel column chromatogra-
phy (40 g, 60�6 cm) using EtOAc to give compound 5 (77.2 mg). The
residue (2.5 g) of fraction 6 was subjected to silica gel column chromatogra-
phy (80 g, 60�6 cm) eluted with EtOAc to yield 12 subfractions. Compound
4 (6.0 mg, tR�6.8 min) was obtained from subfraction 1 by HPLC on a Phe-
nomenex Gemini C18 5m ODS column (10�250 mm, flow rate 7.0 ml/min)
eluted with MeOH–H2O (18 : 82). Subfraction 6 (80.2 mg) was chro-
matographed over HPLC on a Phenomenex Gemini C18 5m ODS column
(10�250 mm, flow rate 5.0 ml/min) with MeOH–H2O (13 : 87) as mobile
phase to obtain compounds 3 (7.5 mg, tR�12.0 min) and 1 (16.2 mg,
tR�12.8 min) respectively. Subfraction 12 (90.2 mg) was chromatographed
over the same ODS column (flow rate 6.0 ml/min) with MeOH–H2O
(12 : 88) as mobile phase to yield compound 2 (5.7 mg, tR�11.3 min).

(6S,9S)-6,9-Dihydroxymegastiman-4-en-9-O-b-D-glucopyranoside (1):
Colorless amorphous powder; [a]D

20 �11.85 (c�0.81, MeOH); UV (MeOH)
lmax (log e): 241 (3.78) nm; CD (MeOH): �76.30 (220), �34.53 (252); IR
(KBr) nmax: 3371, 2968, 1648, 1548, 1374, 1305, 1074, 1035, 826 cm�1;
positive HR-ESI-MS m/z: 411.2001 [M�Na]� (Calcd for C19H32O8Na:
411.1995); 1H- and 13C-NMR (pyridine-d5, 400/100 MHz) spectroscopic
data, see Table 1.

(6S,9S)-6,9-Dihydroxymegastiman-4-en-9-O-b -D-apiofuranosyl-(1→6)-
b-D-glucopyranoside (2): Colorless amorphous powder; [a]D

20 �32.98
(c�0.29, MeOH); UV (MeOH) lmax (log e): 240 (3.82) nm; CD (MeOH):
�67.02 (220), �49.05 (252); IR (KBr) nmax: 3360, 2927, 1646, 1549, 1366,
1306, 1017, 826 cm�1; positive HR-ESI-MS m/z: 543.2419 [M�Na]�

(Calcd for C24H40O12Na: 543.2417); 1H- and 13C-NMR (pyridine-d5,
400/100 MHz) spectroscopic data, see Table 1.

Acid Hydrolysis and Determination of Absolute Configuration of
Sugars21) Compounds (1, 2) (1.0 mg) were hydrolyzed with 1 N HCl (2 ml)
for 3 h at 95 °C. The reaction mixture was cooled, neutralized and parti-
tioned between EtOAc (2 ml) and H2O (2 ml). The aqueous layer obtained on
acid hydrolysis gave the sugar residue after drying. The residue was dis-
solved in pyridine (0.1 ml) and 0.1 M L-cysteine methyl ester hydrochloride
in pyridine (0.2 ml) was added. The mixture was heated at 60 °C for 1 h. An
equal volume of Ac2O was added with heating continued for another 1 h.
Acetylated thiazolidine derivatives were subjected to GC analysis (Condi-
tions: a ThermoQuest Trace 2000 GC; Column, Phenomenex ZB-5 column
(30 m�0.25 mm�0.25 mm); carrier gas He; injection temperature 250 °C,
detection temperature 280 °C; column temperature, 150 °C (1 min),
20 °C/min to 300 °C (30 min). The D configurations were confirmed for glu-
cose and apiose by having the same retention time of their acetylated thiazo-

lidine derivatives with those of the standard D-glucose (13.59 min), L-glucose
(13.27 min) and D-apiose (9.84 min) (Sigma-Aldrich) prepared in a similar
manner.
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