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Abstract—From the whole plant of Lysimachia fortunei, two new flavonol glycosides were isolated together with
trifolin, hyperin, isorhamnetin 3-galactoside, rutin, quercetin 3-rhamnosyl(1—2)galactoside, isorhamnetin 3-robino-
bioside and mauritianin. The structures of the new compounds were established as quercetin 3-(2,6-dirhamno-
pyranosylgalactopyranoside) and isorhamnetin 3-(2,6-dirhamnopyranosylgalactopyranoside).

INTRODUCTION

Glycosides of kaempferol, quercetin and myricetin have
already been isolated from the genus Lysimachia, Pri-
mulaceae (L. vulgaris [1, 2}, L. punctata [3), L. num-
mularia [4], L. japonica [5], L. clethroides [5], L. mauri-
tiana [6] and L. vulgaris var. davurica [7]). Mauritianin,
which was isolated from L. mauritiana, has anti-tumour
promoting activity on the two-stage carcinogenesis in
mice [8]. In this paper we report the isolation and
characterization of nine flavonol glycosides from the
whole plant of L. fortunei, which is used in Chinese folk
medicine for the treatment of bruises. Kaempferol 3-
galactoside is reported for the first time in Lysimachia and
quercetin 3-0-(2,6-di-O-rhamnopyranosylgalactopyran-
oside) and isorhamnetin 3-0-(2,6-di-O-rhamnopyran-
osylgalactopyranoside) are new compounds.

RESULTS AND DISCUSSION

The concentrated methanol extract prepared from the
air-dried whole plant of L. fortunei was extracted succes-
sively with ethyl acetate and n-butanol. Three flavonol
glycosides (1-3) were isolated from the ethyl acetate
fraction and a further six flavonol glycosides (4-9) from n-
butanol fraction by column chromatography.

Compound 1 was characterized as kaempferol 3-galac-
toside by hydrolysis to give kaempferol and galactose,
UV spectral analysis and 1*C and '"H NMR. Compounds
2-7, were identified as hyperin, isorhamnetin 3-0-galac-
toside, rutin, quercetin 3-0-rhamnosyl(1 —2)galactoside,
isorhamnetin 3-O-robinobioside and kaempferol 3-O-
(2,6-dirhamnosylgalactoside) (mauritianin) respectively
by standard procedures and direct comparison with
authentic samples.

Acid hydrolysis of 8 gave quercetin, galactose and
rhamnose (TLC). The 13CNMR of 8 in DMSO-d, also
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confirmed that it was a quercetin glycoside. The
13C NMR shifts of the aglycone of 8 corresponded well to
the shifts for quercetin, the only significant difference
being an upfield shift of 3.5 ppm for the C-3. The
13C NMR spectrum also showed that 8 had galactose and
rhamnose in its structure, the only significant difference
being upfield shifts of 4.0 and 5.3 ppm, respectively, for
the C-2 and C-6 of galactose and downfield shifts of 3.2
and 2.0 ppm for the C-1 and C-5 of galactose (Table 1).
These shifts are analogous to those reported [9] for a
flavonol (2,6-di-rhamosylgalactoside). The structure of 8
is therefore quercetin 3-0-(2,6-di-O-a-rhamnopyranosyl-
B-galactopyranoside).

Acid hydrolysis of 9 gave isorhamnetin, rhamnose and
galactose (TLC). The !3C NMR spectrum of 9 in DMSO-
d, also confirmed that it was a isorhamnetin 3-glycoside,
and the '>*C NMR shifts of the sugar units of 9 are in
accord with the sugar units of mauritianin 7 and 8. The
structure of 9 is therefore isorhamnetin 3-0-(2,6-di-O-a-
rhamnopyranosyl-8-galactopyranoside). Quercetin  3-
rhamnosylrobinobioside [10] has already been isolated
but in this case the rhamnose was not proved to be
attached at the 2-position of robinobiose.

EXPERIMENTAL

Mps: uncorr. 'H and 3C NMR spectra were recorded at 100
and 25.5 MHz, respectively, chemical shifts are given in & (ppm)
with TMS at int. std. CC was carried out using Sephadex LH-20
(Pharmacia). TLC on Avicel SF(Funakoshi) was performed with
n-BuOH-HOAc-H,0 (3:1:1).

Plant material. Lysimachia fortunei Maxim. was collected at
Tsugaike, Nagano, Japan in the autumn of 1987.

Extraction and isolation. Dried whole plants (1.34 kg) were
extracted with MeOH and the concd extract macerated with hot
H,O and filtered. The H,O soln were extracted with EtOAc
followed by n-BuOH. Yield: EtOAc extract (16.7 g) and n-BuOH
extract (24.7 g).

The EtOAc extract (5 g) was then subjected to CC on Sep-
hadex LH-20, using MeOH as eluent, to yield 1 (10 mg), 2
(450 mg) and 3 (5 mg). The n-BuOH extract (8 g) was analysed by
the same method to yield 4 (15 mg), 5 (400 mg), 6 (10 mg), 7
(7 mg), 8 (10 mg) and 9 (8 mg).

2215



2216 Short Reports
Table 1. '*CNMR spectral data of sugar units of flavonol glycosides 3, 5-9
Compounds

C 3 5 6 7 8 9

galactose 1 1024 99.2 102.3 99.2 99.2 99.2
2 71.6 75.8 714 75.6 75.7 75.6
3 73.5 74.0 734 73.9 739 73.9
4 68.2 68.1 68.3 68.8 68.8 68.8
5 75.9 75.8 74.0 739 738 739
6 60.5 60.4 65.8 65.8 65.8 65.8

rhamnose 1 100.6 100.3 100.7 100.6 100.7
2 709 70.9 70.9 709 709
3 70.6 70.5 70.5 70.5 70.5
4 723 722 72.2 722 722
S 68.8 68.3 68.8 68.9 68.8
6 17.2 17.7 17.2 17.2 17.2

rhamnose I 100.3 100.3 100.3
2 70.9 709 70.9
3 70.5 70.5 70.5
4 722 722 722
5 68.3 68.3 68.3
6 17.7 17.7 17.7

25.5 MHz, 90°, DMSO-d, TMS as internal standard.
Quercetin 3-0-(2,6-di-O-a-rhamnopyranosyl-f-galactopy-  (C-2)), 104.3(C-10), 98.9 (C-6), 93.7 (C-8), 56.3 (C-3-OMe). Chemical

ranoside) (8). Recryst. (H,0-MeCN) gave yellow needles, mp
185-188”. Analysis: caled: C53H,,0,,: C, 51.29; H, 5.22; found:
C, 51.15; H, 5.30. Dark green with FeCl;, pale red colour with
Mg+HC! test. UV AEOHnm: 258 266sh, 364. 'HNMR
(DMSO-d,,90°) dppm: 12.78 (1H, 5, 5-OH), 7.65 (1H, dd, J = 1.9,
8.8 Hz, H-6'), 7.55 (1H, d, J=19 Hz, H-2), 687 (I1H, d, J
=8.8 Hz, H-5'), 6.41 (1H, d, J=19 Hz, H-8), 6.23 (IH, d, J
=1.9 Hz, H-6), 5.59 (1H, d, J = 7.3 Hz, galactosyl H-1), 5.12 (1H,
s, thamnosyl H-1), 446 (1H, s, thamnosyl H-1'), 1.10 3H, 4, J
=6.3 Hz, rhamnosyl Me-6), 0.91 (3H, d, J=6.3 Hz rhamnosyl
Me-6). '*C NMR (DMSO-d,, 90°) §ppm: 177.3 (C-4), 164.0 (C-
7),161.3(C-5),156.4(C-2, C-9), 148.2 (C-4), 144.8 (C-3'), 133.0(C-
3), 121.9(C-1"), 121.6 (C-6), 116.1 (C-5), 115.3(C-2'), 104.2 (C-10),
98.8 (C-6), 93.6 (C-8). Chemical shifts of sugar units are given in
Table 1.

Hydrolysis of 8. Compound 8 (5 mg) treated with 2 M HCl at
100° for 3 hr gave an aglycone and sugars. The aglycone was
identified as quercetin by direct comparison with an authentic
sample. The sugars were identified as rhamnose and galactose by
TLC.

Isorhamnetin  3.-O-(2,6-di-O-a-rhamnopyranosyl-f-galacto-
pyranoside) (9). Recryst. (H,0-MeCN) gave yellow needles, mp
172-175°, Analysis: caled: C3,H,4,0,,: C, 51.91; H, 5.38; found:
C, 51.76; H, 5.44. Dark green with FeCl,, pale red colour with
Mg +HCI test. UV AEH nm: 255, 268sh, 302sh, 360. 'H NMR
(DMSO-d,, 90°) dppm: 12.78 (1H, s, 5-OH), 7.65 (1H, dd, J = 1.9,
8.8 Hz, H-6'), 7.55 (1H, 4, J=19 Hz, H-2), 6.87 (1H, 4, J
=8.8 Hz, H-5'), 641 (1H, d, J=1.9 Hz, H-8), 6.23 (1H, 4, J
=19 Hz, H-6), 5.59 (1H, 4, J = 7.3 Hz, galactosyl H-1), 5.12 (1H,
s, thamnosyl H-1), 446 (1H, s, thamnosyl H-1"), 3.91 (3H, s, 3'-
Me), 1.10 (3H, d, J=6.3 Hz, rhamnosyl Me-6), 091 (3H, 4, J
=6.3 Hz, rhamnosyl Me-6). 3C NMR (DMSO-d,, 90°) § ppm:
1774 (C-4), 164.0 (C-7), 161.3 (C-5), 156.6 (C-2, C-9), 147.2 (C-4)),
149.5 (C-3), 132.9 (C-3), 121.5(C-11), 122.1 (C-6), 114.1 (C-5'), 1153

shifts of sugar units are given in Table 1.

Hydrolysis of 9. Compound 9 {3 mg) treated with 2 M HC]l at
100° for 3 hr gave an aglycone and sugars. The aglycone was
identified as isorhamnetin by direct comparison with an auth-
entic sample. The sugars were identified as rhamnose and
galactose by TLC.
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