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Acylated Flavonol Glycosides from Leaves of Stenochlaena palustris
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From the leaves of Stenochlaena palustris five new O-acylated flavonol glycosides, stenopalustrosides
A—E (1-5), have been isolated along with five known compounds, kaempferol 3-O-(3"-O-E-p-coumaroyl)—
(6""-O-E-feruloyl)-3-p-glucopyranoside (6), kaempferol 3-O-(3",6"-di-O-E-p-coumaroyl)-3-p-glucopyranoside
(7), kaempferol 3-O-(3"-O-E-p-coumaroyl)-S-b-glucopyranoside (8), kaempferol 3-O-(6"-O-E-p-coumaroyl)-
pB-D-glucopyranoside (9); and kaempferol 3-O-$-p-glucopyranoside (10). The structures of the isolates were
elucidated by spectroscopic methods, mainly 1D and 2D NMR. Compounds 1—4 showed significant
antibacterial activities against Gram-positive strains. The structural difference between the isolated
antibacterial and nonantibacterial compounds is discussed.

Stenochlaena palustris (Burm.) Bedd. (Pteridaceae) is a
fern trailing over the ground or scrambling high up trees.
It is endemic to a large part of tropical areas from southern
and northern India through Malaysia to Polynesia and
Australia.! The tender leaves of S. palustris are used as a
contraceptive by the local people in the central district
province of Papua New Guinea (PNG) and in the Nicobar
Islands.23 A search for alkaloid-containing plants in New
Guinea found the leaves of S. palustris to be alkaloid-
negative.* No other chemical studies on this species have
been reported.

In our study on medicinal plants from PNG, we have
investigated the leaves of S. palustris collected in the
central district, near Port Moresby. The current report
describes the isolation and structure elucidation of five new
O-acylated flavonol glycosides, namely stenopalustrosides
A—E (1-5), along with five known compounds, kaempferol
3-0-(3"-0O-E-p-coumaroyl)-(6"-O-E-feruloyl)-5-p-glucopyra-
noside (6), kaempferol 3-O-(3",6"-di-O-E-p-coumaroyl)-/3-
p-glucopyranoside (7), kaempferol 3-O-(3"-O-E-p-coumaroyl)-
pB-D-glucopyranoside (8), kaempferol 3-O-(6"-O-E-p-couma-
royl)-4-p-glucopyranoside (tiliroside) (9), and kaempferol
3-O-f-p-glucopyranoside (10). The occurrence of acylated
flavonol glycosides in ferns has not previously been de-
scribed. We further report the antibacterial activities of
compounds 1—4 against Bacillus cereus, Staphylococcus
epidermidis, Staphylococcus aureus, and Micrococcus lu-
teus. The complete 3C NMR spectral data for the known
compounds 6—8 are also presented for the first time.

Results and Discussion

The air-dried leaves of S. palustris were extracted in turn
with MeOH and 70% aqueous MeOH at room temperature.
The MeOH extract was partitioned between n-hexane and
90% aqueous MeOH. The alcoholic phase was further
partitioned between CHCI; and 60% aqueous MeOH. The
residue of the CHCI; phase showed pronounced antibacte-
rial activities against B. cereus, S. epidermidis, S. aureus,
and M. luteus, and was therefore subjected to VLC, MPLC,
preparative TLC, and HPLC, which led to the isolation of
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nine O-acylated flavonol glycosides (1-9) and kaempferol
3-O-f-p-glucopyranoside (10).

Stenopalustroside A (1) was isolated as a yellow amor-
phous powder. After being sprayed with natural products—
polyethylene glycol reagent (NP—PEG),® it gave a yellow
spot with intense fluorescence in UV —366 nmon TLC. The
1H and 3C NMR spectra of 1 (Tables 1 and 2) showed the
presence of multiple aromatic systems and a sugar moiety
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Table 1. H NMR Spectral Data of 1-5

Journal of Natural Products, 1999, Vol. 62, No. 1 71

3/4 mixture
H 1 2 3 4 5e
6 6.20 (d, 2.1) 6.12 (d, 2.0) 6.14 (d, 2.0) 6.20 (d, 2.0) 6.08 (d, 1.9)
8 6.32 (d, 2.1) 6.29 (brs) 6.33 (d, 2.0)2 6.32 (d, 2.0)2 6.24 (brs)
2 7.96 (d, 8.9) 7.99 (d, 8.9) 7.99 (d, 8.7)P 7.97 (d, 8.7)P 7.98 (d, 8.6)
3 6.84 (d, 8.9) 6.84 (d, 8.9) 6.84 (d, 8.7) 6.84 (d, 8.7) 6.85 (d, 8.6)
5 6.84 (d, 8.9) 6.84 (d, 8.9) 6.84 (d, 8.7) 6.84 (d, 8.7) 6.85 (d, 8.6)
6' 7.96 (d, 8.9) 7.99 (d, 8.9) 7.99 (d, 8.7)° 7.97 (d, 8.7)° 7.98 (d, 8.6)
1" 5.32 (d, 7.9) 5.38 (d, 7.9) 5.37 (d, 7.9)¢ 5.33(d, 7.9)¢ 5.43 (d, 7.8)/5.41 (d, 7.8)
2" 3.61(dd, 9.3, 7.9) 3.63(dd, 9.3, 7.9) 3.66 (M) 3.66 (m) 3.68 (dd, 9.1, 7.8)
3" 5.09 (t, 9.3) 5.12 (t, 9.3) 5.13 (t, 9.3) 5.11 (t, 9.1) 5.14 (t, 9.1)
4" 3.47 (t, 9.3) 3.51 (m) 3.52 (m) 3.52 (m) 3.56 (m)
5" 3.52 (m) 3.58 (m) 3.59 (m) 3.48 (m) 3.61 (m)
6" 4.22 (2H, m) 4.28 (2H, m) 4.32 (dd, 11.8, 2.0) 4.22 (2H, m) 4.31 (m, 2H)
4.22 (m)
B 5.88 (d, 12.8) 5.88 (d, 12.8) 5.88 (d, 12.8) 6.43 (d, 15.9) 6.43 (d, 15.9)
" 6.89 (d, 12.8) 6.90 (d, 12.8) 6.90 (d, 12.8) 7.69 (d, 15.9) 7.70 (d, 15.9)
2" 7.68 (d, 8.6) 7.68 (d, 8.7) 7.68 (d, 8.7) 7.49 (d, 8.6) 7.49 (d, 8.6)
3 6.75 (d, 8.6) 6.76 (d, 8.7) 6.76 (d, 8.7) 6.80 (d, 8.6) 6.82 (d, 8.6)
5" 6.75 (d, 8.6) 6.76 (d, 8.7) 6.76 (d, 8.7) 6.80 (d, 8.6) 6.82 (d, 8.6)
6" 7.68 (d, 8.6) 7.68 (d, 8.7) 7.68 (d, 8.7) 7.49 (d, 8.6) 7.49 (d, 8.6)
B 5.53 (d, 12.8) 6.13 (d, 15.9) 6.09 (d, 15.9) 5.55 (d, 12.8) 6.16 (d, 15.9)/6.14 (d, 15.9)
yr 6.72 (d, 12.8) 7.41 (d, 15.9) 7.41 (d, 15.9) 6.73 (d, 12.8) 7.39 (d, 15.9)/7.38 (d, 15.9)
2" 7.50 (d, 8.6) 7.07 (brs) 7.32(d, 8.7) 7.50 (d, 8.6) 7.08 (brs)
3" 6.69 (d, 8.6) 6.82 (d, 8.7) 6.71 (d, 8.6)
5 6.69 (d, 8.6) 6.81 (d, 8.3) 6.82 (d, 8.7) 6.71 (d, 8.6) 7.06 (d, 8.9)
6"" 7.50 (d, 8.6) 6.93 (d, 8.3) 7.32(d, 8.7) 7.50 (d, 8.6) 6.94 (d, 8.9)
3""- OMe 3.90 (s) 3.90 (s)/3.83 (s)
o 4.92 (d,5.8)/f
4.56 (m)/4.50 (m)
3.87 (m, 2H)/3.78 (m, 2H)
2 7.06 (d, 1.3)
5 6.78 (d, 8.2)
6" 6.88 (d, 8.2)
3"""- OMe 3.84 (s)

a-d The signals with the same descriptor are interchangeable. ¢ A mixture of regioisomers and diastereoisomers. Most of the corresponding
protons have the identical resonances. f Overlapped with solvent signals.

in the molecule. The positive FABMS of 1, showing the
molecular peaks at m/z 741 [M + H]* and 763 [M + Na]*,
and the 3C NMR spectrum, as well as the DEPT experi-
ments, which sorted 39 carbons into one methylene, 23
methines, and 15 quaternary carbons, allowed the estab-
lishment of the molecular formula as C3gH3,0:5. The 1H
NMR resonances of two coupled doublets at 6 6.20 and 6.32
with a small coupling constant (J = 2.1 Hz), which
correlated to carbons at ¢ 100.1 and 94.9 in the HMQC
spectrum, were characteristic of two meta-related H-6 and
H-8 protons of ring A of a flavonoid derivative.® Their
chemical shifts further indicated a 5,7-dihydroxy substitu-
tion pattern of ring A.® Ring B was assigned as a
1,4-substituted benzene ring (0 7.96, d, 2H, J = 8.9 Hz;
6.84, d, 2H, J = 8.9 Hz) from the results of a HMBC
experiment. These data together indicated that the agly-
con moiety was kaempferol. The sugar functionality was
identified as a f-glucopyranose by the H and 13C NMR
spectral data. The HMBC experiment displayed a long-
range correlation between C-3 (6 135.1) and the anomeric
proton (60 5.32, d, J = 7.9 Hz), revealing the site of
glycosidation to be 3-OH of kaempferol. Two additional
1,4-substituted aromatic rings [(on 7.68, d, 2H, J = 8.6 Hz;
6.75, d, 2H, J = 8.6 Hz) and (n 7.50, d, 2H, J = 8.6 Hz;
6.69, d, 2H, J = 8.6 Hz)], together with two pairs of double-
bond proton doublets (J = 12.8 Hz) at § 6.89, 5.88, 6.72,
and 5.53, as well as two ester carbonyl carbons at ¢ 167.9
and 167.7, suggested the presence of two cis-p-coumaroyl
moieties. These findings were confirmed by the positive
FABMS, which gave fragment ions at m/z 601 [M + Na —
162]*, formed by elimination of one coumaric acid moiety
from the molecule, and at m/z 287 [M + H — 454]", due to
the loss of the acylated glucose. The linkages of the acyl

coumaroyl substituents to 3"-OH and to 6"-OH were
established by the significant downfield shifts of H-3" (6
5.09) and H-6" (0 4.22, 2H) of the glucose. The HMBC
spectrum, in which the ester carbonyl carbon at 6 167.9
(C-o'"") was correlated to H-3" and the other at 6 167.7 (C-
a'"'") to H-6", further substantiated these findings. Thus,
the structure of compound 1 was determined as kaempferol
3-0-(3",6"-di-O-Z-p-coumaroyl)-S-glucopyranoside, namely
stenopalustroside A.

Compound 2 was obtained as a yellow amorphous
powder. It also showed a positive reaction with NP—PEG
on TLC. The 3C NMR and DEPT spectra displayed 40
carbons as one methyl, one methylene, 22 methines, and
16 quaternary carbons. The positive FABMS spectrum of
2 gave a [M + 2H]* peak at m/z 772 and a [M + H + Na]*
peak at m/z 794, consistent with the molecular formula Cyo-
H34016. These data indicated that 2 has an additional
methoxyl group when compared to compound 1. The 'H
and 3C NMR spectra (Tables 1 and 2) revealed the aglycon
moiety to be, again, kaempferol and the sugar residue to
be S-glucopyranose. It also showed the presence of one cis-
p-coumaroyl moiety, but the second coumaroyl moiety was
absent. Instead, the H NMR spectrum of 2 contained two
coupled trans double-bond protons (6 7.41, d, J = 15.9 Hz;
6.13, d, J = 15.9 Hz) and three coupled aromatic protons
(6 7.07, brs; 6.81,d, J =8.3; 6.39, d, J = 8.3), which were
assigned to a 1,3,4-substituted benzene ring. The presence
of a trans-feruloyl moiety was evident by the connectivities
observed in the HMBC spectrum from the methoxyl group
to C-3"" and from the trans double-bond to the 1,3,4-
substituted aromatic ring as well as to an ester carbonyl.
The site of glycosidation was established at the 3-OH
position of kaempferol, as demonstrated by the HMBC
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Table 2. 13C NMR Spectral Data of 1—8
3/4 mixture
C 1 2 3 4 5d 6 7 8

2 159.4 159.4 159.3 159.3 159.2 159.3 159.3 159.0
3 135.1 135.1 135.1 135.1 135.0 135.1 135.1 1354
4 179.3 179.3 179.3 179.3 179.3 179.3 179.3 179.4
5 163.1 162.6 163.02 163.12 162.9 163.0 163.0 163.1
6 100.1 100.0 100.0 100.0 100.0 100.0 100.0 100.2
7 166.4 166.0 166.0 166.0 165.8 166.0 166.0 166.7
8 94.9 94.8 94.9 94.9 94.8 94.8 94.8 94.9
9 158.5 158.5 158.4 158.4 158.3 158.4 158.4 158.6
10 105.6 105.6 105.6 105.6 105.6 105.6 105.6 105.6
1 122.7 122.7 122.7 122.7 122.7 122.7 122.7 122.8
2' 132.2 132.2 132.2 132.2 132.2 132.2 132.2 132.3
3 116.1 116.1 116.1 116.1 116.1 116.1 116.1 116.2
4 161.5 161.6 161.5 161.5 161.5 161.6 161.6 161.6
5' 116.1 116.1 116.1 116.1 116.1 116.1 116.1 116.2
6' 132.2 132.2 132.2 132.2 132.2 132.2 132.2 132.3
1" 103.8 103.7 103.8 103.8 103.5 103.7 103.7 104.0
2" 74.0 74.0 74.1 74.1 74.1 74.1 74.1 74.1
3" 78.3 78.3 78.3 78.7 78.7 78.7 78.7 78.9
4" 70.0 70.1 70.0° 70.1° 70.3 70.2 70.2 69.6
5" 75.5 75.8 75.7¢ 75.4¢ 75.7 75.8 75.7 78.3
6" 63.8 64.0 64.0 63.7 64.1 64.0 64.1 62.3
o 167.9 168.0 167.9 169.0 168.9 169.0 169.0 169.0
g 116.8 116.8 116.8 115.4 1154 1154 115.4 115.5
y'" 144.9 144.9 144.9 146.7 146.7 146.7 146.7 146.7
1" 127.6 127.7 127.6 127.3 127.3 127.3 127.3 127.3
2" 133.7 133.7 133.7 131.2 131.2 131.2 131.2 131.2
3" 115.8 115.8 115.8 116.8 116.8 116.8 116.8 116.8
4 160.0 160.0 159.9 161.2 161.3 161.3 161.2 161.2
5" 115.8 115.8 115.8 116.8 116.8 116.8 116.8 116.8
6" 133.7 133.7 133.7 131.2 131.2 131.2 131.2 131.2
o' 167.7 168.7 168.7 167.7 168.4 168.7 168.7

e 116.1 114.9 114.7 116.2 116.3 115.0 114.7

145.5 146.9 146.6 145.4 146.3 146.9 146.6
1 127.6 127.7 127.1 127.6 129.6/129.5 127.6 127.1
2" 133.7 111.6 131.2 133.7 112.2/112.0 111.6 131.2
3" 115.8 149.3 116.8 115.8 151.7/151.6 149.3 116.8
4" 160.0 150.6 161.2 159.9 152.0 150.6 161.2
5" 115.8 116.4 116.8 115.8 117.5 116.4 116.8
6" 133.7 124.3 131.2 133.7 123.7/123.6 124.2 131.2
3""- OMe 56.4 56.6¢ 56.4
o 74.1

e 86.2/85.5

e 62.4/62.1
1 133.7
2" 111.8
3 148.9
4 147.3
5 115.9/115.8
6" 121.1/120.8
3"""- OMe 56.4¢

a—ce The signals with the same descriptor are interchangeable. ¢ A mixture of two regioisomers and diastereoisomers. Most of the

corresponding carbons have the identical resonances.

spectrum. The acylated cis-p-coumaroyl and trans-feruloyl
were linked to 3"-OH and 6"-OH, respectively, as indicated
by the downfield shifts of H-3" (6 5.12) and H-6" (0 4.28,
2H), and as confirmed by the HMBC experiment. The
structure of stenopalustroside B (2) was therefore identified
as kaempferol 3-O-(3"-O-Z-p-coumaroyl)-(6"-O-E-feruloyl)-
pB-glucopyranoside.

Stenopalustroside C (3) and stenopalustroside D (4) were
isolated as an inseparable mixture. The 'H and 13C NMR
spectra contained all the resonance signals that had been
detected in the 'H and 3C NMR spectra of both compound
1 and the known compound 7, kaempferol 3-O-(3",6"-di-
O-E-p-coumaroyl)-3-p-glucopyranoside. The positive FABMS
gave quasi-molecular peaks at m/z 742 [M + 2H]" and 764
[M + H + Na]*, similar to compounds 1 and 7. Moreover,
the same aglycon (kaempferol), the same sugar moiety (5-
glucopyranose), and the glycosidation at 3-OH, as well as
the acylation at 3"-OH and 6"-OH, could be identified with

the help of the 1H, 3C NMR, DQF—-COSY, HMQC, and
HMBC spectra. Four 1,4-substituted aromatic rings (Tables
1 and 2) as well as two cis double-bonds (J = 12.8) and
two trans double-bonds (J = 15.9), together with four ester
carbonyl signals at 6c 169.0, 168.7, 167.9, and 167.7,
revealed the presence of two cis-p-coumaroyl and two trans-
p-coumaroyl moieties, as evident in the HMBC spectrum.
Further studies on the long-range correlations, as displayed
in the HMBC experiment, indicated that the two cis-p-
coumaroyl groups were linked to 3"-OH and 6'-OH,
respectively. The experiment also showed that the same
was true for the two trans-p-coumaroyl groups. These
results, in combination with the isolation of stenopalus-
troside A (1) and kaempferol 3-O-(3",6"-di-O-E-p-couma-
royl)-$-p-glucopyranoside (7), strongly suggested a mixture
of two regioisomers, kaempferol 3-O-(3""-O-Z-p-coumaroyl)-
(6"-O-E-p-coumaroyl)-S-glucopyranoside (3) and kaempferol
3-0-(3"-0-E-p-coumaroyl)-(6"-0O-Z-p-coumaroyl)-3-glucopy-
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ranoside (4). The intensity of each proton or each carbon
indicated the composition of the two molecules to be ca.
1:1. This mixture was successfully separated from the
analogues, compounds 1 and 7, by MPLC on Si gel with
CH,Cl,—EtOAc—MeOH (5:3:0.2) as mobile phase, but all
the efforts to separate these two structures from each other
failed.

Compound 5, an amorphous yellow powder, was consid-
ered to be a flavonoid on the basis of its positive reaction
to NP—PEG on TLC. The 'H and 3C NMR spectra of 5
showed it also to contain kaempferol as the aglycon moiety
and one f-glucopyranose residue. The *H NMR spectrum
pattern of 5 was very similar to that of kaempferol 3-O-
(3""-O-E-p-coumaroyl)-(6"-O-E-feruloyl)-3-b-glucopyrano-
side (6),” except the presence of some additional resonance
signals (Table 1). With the help of the 13C NMR (Table 2),
DEPT, HMQC, and DQF—COSY spectra, these additional
signals were identified as arising from a 1,3,4-substituted
aromatic ring and a quasi-glycerol moiety. The HMBC
spectrum of 5 showed correlations from H-o'"""" (6 4.92, d,
J = 5.8 Hz) of glycerol moiety to C-1""" (6 133.7), C-2""" (6
111.8), and C-6""" (6 120.8), as well as from H-3"""" (6 4.50,
m) to C-4"" (6 152.0). Furthermore, a correlation between
the methoxyl group at 64 3.84 (s, 3H) and C-3'"""" (6 148.9)
was observed. These observations indicated the quasi-
glycerol moiety to be connected via a C—C bond to a
3-hydroxy-4-methoxyphenyl group and via an ether link
to the acylated trans-feruloyl group. The HMBC experi-
ment also supported the glycosidation to be at 3-OH, the
acylation of trans-p-coumaroyl group at 3"-OH, and the
acylation of the etherified trans-feruloyl group at 6"-OH.
The structure given in formula 5 is the only logical
conclusion that could account for the observed NMR data.
This structure was further confirmed by the positive
FABMS spectrum, in which molecular peaks at m/z 967
[M + H]t and 989 [M + Na]*, corresponding to the
molecular formula CsoH60420, a fragment peak at m/z 595
[M + H — 372]* due to the loss of the etherified feruloyl
moiety, were observed. Further two signals at m/z 413 [M
+ H — 554]* and 287 [M + H — 680]", referring to the
dehydrated kaempferol glucoside unit and the aglycon unit,
respectively, were detected. Thus, compound 5 was found
to possess the structure of kaempferol 3-O-(3"-O-E-p-
coumaroyl)-[6"-O-E-{ 4-O-[1-(4-hydroxy-3-methoxyphenyl)-
1,3-dihydroxy-isopropyl]-feruloyl}]-5-glucopyranoside, and
was designated as stenopalustroside E.

Consideration of the intensity of proton and carbon
resonances of compound 5, combined with the observation
that several NMR signals (Tables 1 and 2) belonging to
the quasi-glycerol moiety and two 1,3,4-substituted aro-
matic systems significantly split, indicated the presence
of a mixture in the sample. An example that has the
functional group —CH(OH)CH(O—)CH(O—) similar to com-
pound 5 is present in flavonolignans, for example, silybin
and dehydrosilybin,8 isosilybin,® and rhodiolin,'° as well as
in the xanthonolignan kielcorin,* all of which are mixtures
of enantiomers or diastereoisomers. This phenomenon has
been explained by a free radical oxidative coupling of
dihydroxy grouping in ortho-position of a phenyl ring with
coniferyl alcohol in the plant, which could give rise to a
mixture of regioisomers.® Accordingly, we propose that
stenopalustroside E (5) is a mixture of two regioisomers
and diastereoisomers with different configurations at
C-a'"""" and/or C-f""". 1t may be supposed that the coupling
of the coniferyl alcohol moiety with the hydroxyl of the
feruloyl moiety of the acylated kaempferol glycoside and
with H,0 present in the plant resulted in the formation of
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structure 5 and the presence of two isomers. The absolute
and the relative configurations at C-o'"""" and C-4"""" remain
to be determined for either of the isomers.

The identification of three known O-acylated flavonol
glycosides, kaempferol 3-O-(3"-O-E-p-coumaroyl)-(6"-O-E
feruloyl)-3-p-glucopyranoside (6), kaempferol 3-O-(3",6"-
di-O-E-p-coumaroyl)-3-p-glucopyranoside (7), and kaemp-
ferol 3-O-(3"-O-E-p-coumaroyl)-3-p-glucopyranoside (8), were
carried out by spectral analysis (*H, *C NMR, DQF—
COSY, HMQC, HMBC, and FABMS) and the comparison
of 'H NMR spectra with those published.”1213 They have
all been previously isolated only from the needles of Picea
obovata Ledeb. (Pinaceae).”1213 Compound 9 was identi-
fied as kaempferol 3-O-(6"'-O-E-p-coumaroyl)-3-p-glucopy-
ranoside; compound 10, as kaempferol 3-O-f-p-glucopyra-
noside, by MS, 'H NMR, and 3C NMR data analysis and
comparison with the reported data of authentic sam-
ples.1415

It is noteworthy that four of the isolated compounds
contain cis-p-coumaroyl moieties in the molecules. Steno-
palustroside A (1), which has two cis-p-coumaroyl moieties
in the structure, was isolated as a minor component.
Stenopalustroside B (2), stenopalustroside C (3), and
stenopalustroside D (4), each of which has one cis-p-
coumaroyl functionality and one trans-p-coumaroyl or one
trans-feruloyl group, were found in significantly higher
amounts in the extract. Turner et al.1® have examined the
role of light in the isomerization of (E)-form cinnamic acid
derivatives of plant cell walls to (Z)-form and have con-
cluded that the isomerization reaction is light-mediated in
both live and dead plant tissue. The examination per-
formed by Rataboul et al.1” suggested the involvement of
other mechanisms, for example, an enzymatic (isomerase)
conversion, in trans to cis isomerization of o-coumaric acid
glucoside in Melitolus alba mesophyll cell protoplasts, since
trans to cis conversion did occur under conditions of
darkness. In the case of acylated flavonol glycosides,
several cis-derivatives have also been isolated from differ-
ent plant sources.’®722 These observations indicated that
compounds 1—4 very probably existed in the original plant.
Upon the isolation of compounds 1—9, the isomerization
of trans- to cis-derivatives and vice versa was not observed
during storage at 4 °C.

All the isolates were evaluated for their antibacterial
potential against B. cereus, S. epidermidis, S. aureus, and
M. luteus. Four compounds were found to be active against
all the test organisms (Table 3). Stenopalustroside A (1)
even showed a lower MIC (minimum inhibition concentra-
tion, 2 ug/mL) against S. epidermidis than chloramphenicol
(MIC = 4 ug/mL), which was used as a positive control. A
very interesting observation is that all four antibacterial
compounds (1—4) have one or two cis-p-coumaroyl groups
in their molecules; in contrast, the other five structurally
similar, but nonantibacterial compounds (5—9) (MIC > 256
ug/mL) contain only trans-p-coumaroyl or trans-feruloyl
moieties. From these results, it seems that the configu-
ration of the double-bond of coumaroyl-substituted flavonol
glycosides could play a role in the antibacterial activity.

Experimental Section

General Experimental Procedures. Optical rotations
were measured in MeOH on a Perkin—Elmer model 241
polarimeter. UV spectra were obtained on a Kontron-Uvikon
930 spectrophotometer, using MeOH as solvent. IR spectra
were recorded in KBr pellets on a Perkin—Elmer 2000 FT
infrared spectrophotometer. FABMS were obtained in the
positive mode on a ZAB 2-SEQ spectrometer, using 3-NOBA
as matrix. All NMR spectra were recorded in CD3sOD on a



74 Journal of Natural Products, 1999, Vol. 62, No. 1 Liu et al.
Table 3. Antibacterial Activities of 1-4
minimum inhibition concentration (MIC) in broth (in xg/mL)
B. cereus S. epidermidis S. aureus M. luteus
compound (ATCC 10702) (ATCC 12228) (ATCC 25923) (ATCC 9341)

1 4 16 8

2 8 32 16

3/42 16 64 16

chloramphenicol 2 4 2

a A mixture of ca. 1:1 composition. The present information indicated that compounds 3 and 4 both contributed to the antibacterial

activity.

Bruker AMX-300 spectrometer, operating at 300.13 MHz for
IH and 75.47 MHz for *3C. The residual CH3OH resonances
at oy 3.31 and oc 49.0 were used as internal references. Si
gel (particle size 15 um, Merck) and RP-18 material (particle
size 15—35 um, Baker) were used for VLC. MPLC was carried
out using Buchi 681 pump and 45 x 3.5 cm Buchi MPLC
column packed with Si gel (particle size 15 um, Merck). HPLC
separation was performed on a Knauer Spherisorb S5 ODS |1
column (250 x 16 mm, particle size 5 um, Merck) with a
Merck—Hitachi L-6200 Intelligent pump and Merck—Hitachi
L-4000 UV detector.

Plant Material. The leaves of S. palustris were collected
near Port Moresby, central district province, Papua New
Guinea, in March 1991. The plant was identified by Dr. P.
Hovenkamp, University of Leiden, The Netherlands, where a
voucher specimen with the identification number ETH 91/11
27-03-91 was deposited.

Extraction and Isolation. Air-dried and powdered leaves
of S. palustris (1.52 kg) were percolated successively with
MeOH and 70% aqueous MeOH at room temperature. The
MeOH extract was concentrated under vacuum and parti-
tioned between n-hexane and 90% aqueous MeOH. The
alcoholic phase was further partitioned between CHCI; and
60% aqueous MeOH. The residue (19.4 g) of the CHCI; phase
was subjected to VLC (Si gel) using a step gradient of MeOH—
CHClI; to give 14 fractions (C1—C14). Fraction C8 (1190 mg)
was again separated by VLC using increasing amounts of
MeOH in CH,Cl,—EtOAc (1:1) as eluent to yield 7 subfractions
(C8.1—-C8.7). Subfraction C8.2 (700 mg) was further fraction-
ated by MPLC (Si gel) with CH,Cl,—EtOAc—MeOH (5:3:0.2)
as the mobile phase, giving compound 1 (3.9 mg); a mixture
(52 mg) containing compounds 2, 3, and 4; and a mixture (24
mg) of compounds 6 and 7. Of the first mixture 10 mg yielded
3 mg of 2 and the mixture (6 mg) of 3 and 4, 10 mg of the
second one gave 3.8 mg of 6 and 5.2 mg of 7, both using
preparative TLC developed twice with CHCI;—MeOH (7:1) as
eluent. Fraction C9 (2930 mg) was worked up as fraction C8
and gave nine subfractions (C9.1—C9.9). Subfraction C9.5 (125
mg) was further separated by HPLC on RP-18 with MeOH—
H,O (7:3) as mobile phase to furnish compound 8 (7.7 mg).
Subfraction C9.6 (148 mg) containing compound 5 was sub-
jected to VLC on RP-18 using a step gradient of H,O—ACN.
The final purification of 5 (5 mg) was achieved by HPLC on
RP-18 eluted with MeOH—H,0 (7:3). Fraction C13 (1200 mg)
was fractionated by VLC on Si gel, eluted with gradients of
EtOAc—MeOH—H,0. The subfraction (126 mg) containing 9
and 10 was then introduced to VLC on RP-18 using H,O with
increasing amounts of ACN. Compound 9 (2.5 mg) and yellow
needle crystals of 10 (crystals in MeOH) were yielded from
the corresponding fractions.

Antibacterial Activity. The test organisms were B. cereus
(ATCC 10702), S. epidermidis (ATCC 12228), S. aureus (ATCC
25923), and M. luteus (ATCC 9341). Antibacterial assays were
carried out by the doubling dilutions method?° using a modified
procedure. Bacterial suspensions were obtained from over-
night cultures in BBL nutrient broth (Becton & Dickinson Co.
11479) cultivated at 37 °C and diluted to ca. 10° cells/mL in
fresh medium. The isolates were dissolved in MeOH to 1 mg/
mL as stock solutions. The required amount of stock solutions
was pipetted into the wells at the first column of a 96-well
tissue culture plate (Falcon) and dried. The sample was
redissolved in 25 uL DMSO, 75 uL sterile BBL nutrient broth,

and 100 uL dilute culture suspension. Twofold dilutions were
made in 100-uL volumes of dilute bacterial suspensions. The
plates were kept in a moist atmosphere at 37 °C for 20 h. After
incubation, 10 uL of 0.25% aqueous methylthiazolyltetrazolium
chloride was added in each well and reincubated for 4 h to
detect living bacteria as violet turbid solutions. Chloram-
phenicol was used as a positive control. All pure compounds
were tested within the range of 256—0.5 ppm.

Stenopalustroside A (1): [0]®p —26° (¢ 0.19, MeOH);
FABMS (positive) m/z 763 [M + Na]*, 741 [M + H]*, 601 [M
+ Na — 162]*, 287 [M + H — 454]"; UV (MeOH) Amax 269, 315
nm; IR (KBr) vmax 3445, 1698, 1652, 1604, 1511, 1359, 1260,
1169, 839 cm™; 'H NMR spectral data, see Table 1; 3C NMR
spectral data, see Table 2.

Stenopalustroside B (2): [a]®*p —18° (¢ 0.20, MeOH);
FABMS (positive) m/z 794 [M + H + Na]*, 772 [M+2H]", 397
[M + H — 374]%, 287 [M + H — 484]"; UV (MeOH) Amax 268,
314 nm; IR (KBr) vmax 3444, 1679, 1654, 1605, 1514, 1361,
1278, 1179, 841 cm™%; 'H NMR spectral data, see Table 1; 3C
NMR spectral data, see Table 2.

Stenopalustroside C (3) and Stenopalustroside D (4):
ca. 1:1 mixture; FABMS (positive) m/z 764 [M + H + Na]*,
742 [M+2H]", 287 [M + H — 454]*; 'H NMR spectral data,
see Table 1; 3C NMR spectral data, see Table 2.

Stenopalustroside E (5): [a]®*p —69° (¢ 0.47, MeOH);
FABMS (positive) m/z 989 [M + Na]*, 967 [M + H]*, 595 [M
+ H — 372]*, 413 [M + H — 554]*, 287 [M + H — 680]*; 1H
NMR spectral data, see Table 1; 13C NMR spectral data, see
Table 2.
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