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Myricetin 3-O-(2′′-O-galloyl)-R-rhamnopyranoside 7-methyl ether (1), myricetin 3-O-(3′′-O-galloyl)-R-
rhamnopyranoside 7-methyl ether (2), and myricetin 3-O-(2′′,3′′-di-O-galloyl)-R-rhamnopyranoside (3),
three new flavonol galloylglycosides, were isolated from leaves of Acacia confusa sampled from Chaoushi
in the north of Taiwan. Their structures were established by analysis of spectroscopic data, and the
compounds were evaluated for anti-hatch activity against brine shrimp.

Acacia confusa (Leguminosae), an erect shrub, is widely
distributed on the hills and lowlands of Taiwan and often
exhibits a unique pattern of weed exclusion under stands.1
Although it has been reported that A. confusa is an
allelopathic plant,2 the leaves containing bioactive agents
have not been investigated phytochemically except for some
phenolic acids.3 Because there have been no previous
reports on the flavonoid constituents of A. confusa, a
chemical investigation of the methanolic extract of the
leaves was undertaken and has led to the isolation of three
new flavonol galloylglycosides (1-3) as well as four known
flavonoids (4-7). This study describes the isolation and
structure elucidation of the new compounds as well as their
biological activity toward brine shrimp.

From the methanolic extract of fresh leaves of A. confusa
seven major flavonoids (Figure 1), including three new
flavonol galloylrhamnosides (1-3), were identified. The
compounds were isolated by a serial separation on Sepha-
dex LH-20 column, Si-flash column, and reversed-phase
HPLC. Spectroscopic data of myricitrin (4) were interpreted
by comparison with those reported in the literature.4
Myricitrin 7-methyl ether (5), was identical with the
compound previously reported.5 Compound 6 was obtained
as a yellow powder whose UV, MS, and 1H and 13C NMR
spectral data were consistent with those of the 2′′-gallic
acid ester of myricitrin,6 which has been previously isolated
from Desmanthus illinoensis,6 Myrica esculenta,7 and
Hexachlamys edulis,8 and reported as desmanthin-1.6
Compound 7 was determined to be myricetin 3-O-(3′′-O-
galloyl)-R-rhamnopyranoside, and its spectral data (1H and
13C NMR spectra and FABMS) were in good agreement
with the published data.7

Compound 1 showed a prominent [M + H]+ ion peak at
m/z 631 in the positive FABMS. The IR spectrum indicated
the presence of a hydroxyl group (3239 cm-1) and a
carbonyl group (1655 cm-1). Its UV spectrum exhibited
absorption maxima at 266 and 352 nm. In the 1H and 13C
NMR spectra of 1, complex signal patterns arising from
the flavonol and rhamnose moiety, as well as the appear-
ance of one galloyl signal, indicated that 1 was a flavonol
substituted with a galloyl group and a rhamnose (Table
1). In the 1H NMR spectrum of 1, the observation of two
aromatic doublets at δ 6.37 and 6.66 and an aromatic

singlet at δ 6.95 suggested the flavonol moiety was myrice-
tin.9 Furthermore, the orientation of the methoxyl group,
galloyl group, and rhamnose were determined by 1H-13C
heteronuclear multi-bond correlation (HMBC) spectrum.
In the HMBC spectrum, the methoxyl proton signal at δ
3.85 showed an interaction with myricetin C-7 resonance
at δ 165.2, the rhamnose H-1 signal at δ 5.53 (J ) 1.1,
R-form) correlated with the myricetin C-3 resonance at δ
133.5 through a three-bond coupling, and the rhamnose
H-2 signal at δ 5.47 correlated with the galloyl ester carbon
resonance at δ 165.0. Accordingly, the galloylrhamnoside
was determined to be attached to the myricetin C-3
position, and the galloyl moiety was attached to the
rhamnose C-2 position. Thus, the structure of 1 was
determined as myricetin 3-O-(2′′-O-galloyl)-R-rhamnopy-
ranoside 7-methyl ether.

Compound 2, with the same molecular formula as 1, also
exhibited a UV spectrum with λmax (MeOH) at 266 and 352
nm. In the positive FABMS, 2 exhibited an [M + H]+ ion
peak at m/z 631, which was identical to that of 1. Its IR
spectrum indicated the presence of a carbonyl group (1653
cm-1). Compound 2 gave 1H and 13C NMR spectra (Table
1) closely related to those of 1, except for the complexity of
the rhamnose moiety signals. When the 1H NMR spectrum
of 2 was compared with that of 1, the significant lower field
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Figure 1. Flavonoids isolated from leaves of Acacia confusa.
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and higher field shifts of the rhamnose H-3 and H-2 signals,
respectively, suggested the galloyl group was located at the
rhamnose C-3 position, which was further confirmed by
HMBC experiment. Based on these findings, the structure
of 2 was concluded to be myricetin 3-O-(3′′-O-galloyl)-R-
rhamnopyranoside 7-methyl ether.

Compound 3 also showed UV absorption bands charac-
teristic of a flavonol derivative. The 1H NMR spectrum of
3 indicated the presence of a myricetin moiety as revealed
by a 3,4,5-trisubstituted benzene proton signal at δ 7.02,
and meta-coupled signals at δ 6.19 and 6.37. Besides these
signals, two singlets attributable to two galloyl groups (δ
7.00, 7.03) were observed in the aromatic region. The
coupling patterns of the aliphatic proton signals, which
were assigned with the aid of 1H-1H correlation spectros-
copy (COSY), were characteristic of rhamnopyranose.7 The
13C NMR resonances of the aglycon moiety also coincided
with those of myricitrin (4). These data, coupled with the
FABMS data, suggested that 3 is a digallate of myricitrin.
The galloyl groups in 3 were located at C-2 and C-3 of the
rhamnose residue based on the remarkable downfield shifts
of the H-2′′ (δ 5.93) and H-3′′ (δ 5.43) signals, and they
were confirmed by HMBC measurements. Thus, compound
3 was characterized as myricetin 3-O-(2′′,3′′-di-O-galloyl)-
R-rhamnopyranoside. Although various acylated flavonol
glycosides are commonly found in plants, digallates such
as 3 are quite rare, and 3 is the first example of a natural
flavonol galloylated at both C-2 and C-3 of the rhamnose
residue.

Several biological activities have been reported for these
types of flavonoids, including antiviral activity10 and
inhibition of xanthine oxidase11 and of the intestinal
R-glucosidases.12 Compound 6, the gallic acid ester at 2′′

position of myricitrin, also showed a strong growth inhibi-
tion of the tobacco budworm, as well as antibacterial
activity and plant growth regulation effect.6

We also found that the flavonol galloylrhamnosides
exhibit anti-hatch activity on brine shrimp Artemia salina,
with IC50 values for 1, 2, 6, and 7 of 89, 50, 75, and 64
µg/mL, respectively. The IC50 value for 3 was not measured
due to the small amount of compound available.

Experimental Section

General Experimental Procedures. UV spectra were
obtained in MeOH on a Hitachi U-2000 spectrophotometer.
The 1H and 13C NMR spectra were recorded in DMSO-d6 (or
MeOH-d4) at room temperature on a Bruker DMX-500 SB
spectrometer, and the solvent resonances were used as internal
shift references. The 1H and 13C NMR, COSY, HMQC, and
HMBC spectra were recorded using standard pulse sequences.
LRFAB-MS were recorded on a JEOL SX-102A instrument
using m-nitrobenzyl alcohol as the matrix.

Plant Material. Leaves of A. confusa were sampled from
Chaoushi in Ilan County in December 1998, and a voucher
specimen has been deposited at the Institute of Botany,
Academia Sinica, Nankang, Taipei, Taiwan. Fresh plant
material was ground into powder in liquid nitrogen for MeOH
extraction.

Extraction and Isolation. Fresh leaves (200 g) of A.
confusa were extracted three times with 500 mL of MeOH for
30 min. The methanolic extract was adjusted to 85% in
aqueous solution for hexane partition, which generated two
fractions: the methanol solubles and the hexane solubles.
Subsequently, the methanol solubles were then vacuum-
evaporated to dryness and further partitioned between ethyl
acetate and water. The ethyl acetate layer was vacuum-
evaporated to dryness (6.5 g) and redissolved in 50 mL of

Table 1. NMR Spectral Data (DMSO-d6, 500 MHz) for Compounds 1-3 [d in ppm, mult. (J in Hz)]

1 2 3a

carbon no. 13C 1H 13C 1H 13C 1H

flavonol
C-2 157.9 158.1 159.4
C-3 133.5 135.1 135.8
C-4 177.6 178.0 179.3
C-5 160.9 161.0 163.2
C-6 98.0 6.37 d (2.1) 97.9 6.38 d (2.1) 99.9 6.19 d (2.0)
C-7 165.2 165.2 166.1
C-8 92.2 6.66 d (2.0) 92.3 6.67 d (1.9) 94.8 6.37 d (2.0)
C-9 156.4 156.4 158.5
C-10 105.0 105.0 105.8
OCH3-7 56.1 3.85 s 56.1 3.86 s
C-1′ 119.2 119.5 121.8
C-2′,-6′ 108.1 6.95 s 108.0 6.91 s 109.5 7.02 s
C-3′, -5′ 145.9 145.9 146.5
C-4′ 136.8 136.7 138.0

rhamnoside
C-1 98.3 5.53 d (1.1) 102.7 5.05 br s 100.7 5.48 d (1.6)
C-2 71.7 5.47 t (1.6) 67.8 4.31 br s 71.1b 5.93 dd (1.8, 3.1)
C-3 68.5 3.82 dd (1.6, 5.1) 73.8 5.02 dd (3.1, 9.6) 73.5 5.43 dd (3.1, 6.1)
C-4 71.7 3.28-3.30 t (-) 68.6 3.51 t (9.6) 71.4b 3.72-3.73 t (-)
C-5 70.7 3.28-3.30 m (-) 71.1 3.69 m (-) 72.4 3.72-3.73 m (-)
C-6 17.6 0.93 d (5.1) 17.5 0.90 d (6.1) 17.8 1.09 d (4.7)

2′′-O-galloyl
C-1 119.2 120.8
C-2, -6 108.9 6.94 s 110.3 7.03 s
C-3, -5 145.5 146.3
C-4 138.6 140.2
CdO 165.0 166.8

3′′-O-galloyl
C-1 120.0 121.2
C-2, -6 109.0 7.03 s 110.4 7.00 s
C-3, -5 145.4 147.0
C-4 138.3 140.0
CdO 165.7 168.1

a Measured in CD3OD. b Values interchangeable.

Notes Journal of Natural Products, 2000, Vol. 63, No. 5 711



MeOH for batches of chromatographic separations. The first
separation step was carried out using gel filtration chroma-
tography on a Sephadex LH-20 column (Pharmacia Biotech,
Sweden, 3 × 55 cm). A flow of 13 mL/min MeOH was used to
elute the flavonoid fractions. Each fraction was analyzed by
TLC using plates of Si gel 60, PF254, 200 µm thickness (Merck,
Germany), and a solution of dichloromethane-ethyl acetate-
formic acid-H2O (15:70:5:1, v/v/v/v) for development. Vanillin-
sulfuric acid charring to form yellow spots, in addition to UV
absorption, was used to detect the flavonoids. Subsequently,
the fractions containing the same components were combined
and chromatographed on a 2.5 cm i.d. flash column (36 g,
Baker’s Si gel for flash column) using the same solution in
TLC as the eluent, flow rate 25 mL/min. The fractions were
combined into major portions based on the result of TLC
separation. Each portion was further purified by repetitive
HPLC separations on a Hyperprep ODS semipreparative
column (250 × 10 mm, Keystone Scientific Inc.) with aceto-
nitrile-water from 15% to 40% in a linear gradient mode in
30 min to afford myricetin 3-O-(2′′-O-galloyl)-R-rhamnopyran-
oside 7-methyl ether (1) (80 mg), myricetin 3-O-(3′′-O-galloyl)-
R-rhamnopyranoside 7-methyl ether (2) (60 mg), myricetin
3-O-(2′′,3′′-di-O-galloyl)-R-rhamnopyranoside (3) (5.5 mg), myri-
citrin (4) (15 mg), myricitrin 7-methyl ether (5) (25 mg),
myricetin 3-O-(2′′-O-galloyl)-R-rhamnopyranoside (6) (65 mg),
and myricetin 3-O-(3′′-O-galloyl)-R-rhamnopyranoside (7) (50
mg). Purified compounds were vacuum-dried and stored at -20
°C in a freezer for further chemical structure analysis and the
determination of related biological activity.

Artemia Bioassay. Brine shrimp eggs (A. salina) were
supplied by Ocean Star International, Inc. (Snowville, UT).
NMR-confirmed pure compounds 1, 2, 6, and 7 isolated from
A. confusa were assayed with brine shrimp to observe their
relative toxicity, expressed as IC50 in µg/mL. Each compound
was diluted with seawater to give four assay concentrations
of 1000, 500, 100, and 10 µg/mL. Assays were performed in a
96-well microtitration plate with 20-30 brine shrimp eggs in
100 µL of each concentration level per well, and the percentage
of the residual eggs at 48 h was determined. The IC50

determined by probit analysis13 was defined as the concentra-
tion that inhibited the hatch of half the tested brine shrimp
eggs within 48 h.

Myricetin 3-O-(2′′-O-galloyl)-r-rhamnopyranoside 7-
methyl ether (1): yellow powder; UV λmax (MeOH) 266 (log ε

4.3), 352 (log ε 4.0) nm; [R]25
D -0.44° (c 0.0015, MeOH); IR

(KBr) νmax 3239, 1601, 1341, 1210 cm-1; FABMS, m/z 631 [M
+ H]+; 1H and 13C NMR data, see Table 1.

Myricetin 3-O-(3′′-O-galloyl)-r-rhamnopyranoside 7-
methyl ether (2): yellow powder; UV λmax (MeOH) 266 (log ε

4.2) and 352 (log ε 4.0) nm; [R]25
D -76.31° (c 0.002, MeOH);

IR (KBr) νmax 3256, 1601, 1339, 1213 cm-1; FABMS, m/z 631
[M + H]+; 1H and 13C NMR data, see Table 1.

Myricetin 3-O-(2′′,3′′-di-O-galloyl)-r-rhamnopyrano-
side (3): yellow powder; UV λmax (MeOH) 268 (log ε 4.5) and
351 (log ε 4.1) nm; [R]25

D +16° (c 0.0013, MeOH); IR (KBr) νmax

3387, 1610, 1344, 1201 cm-1; FABMS, m/z 769 [M + H]+; 1H
and 13C NMR data, see Table 1.
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