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Hymenosides A—F, Six New
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In the course of investigation of the bitter-tasting substances
of the Japanese fern Hymenophyllum barbatum belonging to
the family Hymenophyllaceae, six new hemiterpene glucosides
called hymenosides A—F (1—6) have been isolated from the
methanol extract, together with an acyclic bis-bibenzyl deriva-
tive, perrottetin H. This paper deals with the structure elucida-
tion of the newly isolated glucosides.
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Little attention has been paid to the glycoside constituents
of pteridophytes, although various types of triterpenoids and
flavonoids have been isolated and their structures estab-
lished."” We focus on the bitter- and hot-tasting substances of
bryophytes and pteridophytes since these substance show in-
teresting biological activities.>> The Japanese fern Hymeno-
phyllum barbatum (v. d. B.) Baker contains very bitter princi-
ples. Previously a nonbitter flavone, apigenin, has been iso-
lated from this plant.*> Recently we reported the isolation
and identification of an acyclic bis-bibenzyl, perrottetin H,
which is considered to be an important chemical fossil link-
ing bryophytes and pteridophytes.®

H. barbatum was collected in August 1997, in Kaifu-gun,
Tokushima. The air-dried and mechanically ground powder
(2.42 kg) was extracted with methanol to give a crude extract
(459.2 g). Part (70.0 g) of the ethyl acetate- soluble fraction
(119.6 g) was chromatographed on silica gel and Sephadex
LH-20, followed by preparative HPLC to yield six hemiter-
pene glucosides, hymenosides A—F (1—6), and perrottetin
H.

Hymenoside A (1), []® —21.8°, showed an [M+Na]* at
m/z 555.1828 in positive HR-FAB-MS, suggesting the mo-
lecular formula to be C,,H;,0,,. The IR, UV, and *C-NMR
spectra of 1 indicated the presence of a benzene ring (A nm
[log €]: 201 [4.64], 227 [4.15], 277 [3.53]), a hydroxyl
(3445cm™"), and two ester carbonyl groups (1734, 1242,
1148 cm™'; 8. 170.8 [2'-0-C=0], 171.5 [3'-O-C=0]). The
presence of five hydroxyl groups was confirmed by the for-
mation of a pentaacetate. The 'H-NMR spectrum of 1 con-
tained signals due to olefinic methyl (6 1.62 [s]), two methyl-
enes (0 4.08, 4.27 [each brd, J=12Hz] and 6§ 4.43 [d, J=
6.3 Hz]) bearing an oxygen atom, two benzyl methylenes (8§
3.57, 3.61 [each d, J=15Hz], 3.65, 3.70 [each, d, J=
15.7Hz]) bearing an ester carbonyl, a trisubstituted double
bond (6 5.98 [brt, J=6.3Hz]), and two p-hydroxybenzene
rings (6 7.14, 7.34 [each, d, J=8.2Hz], 7.10, 7.28 [each, d,
J=8.2Hz]). Acid hydrolysis of 1 gave bp-glucopyranose
which was confirmed by HPLC with an [«],, detector. Fur-
ther purification of the reaction mixture afforded p-hydroxy-
phenylacetic acid of which the '"H-NMR spectrum was iden-
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tical to that of standard sample. Thus compound 1 possessed
a hemiterpene with a trisubstitued double bond and two p-hy-
droxyphenylacetates. The 8 configuration at C-1" (d 99.7)
of glucose was determined by the coupling constant (J=
8 Hz) of an anomeric proton (& 4.88). The position of each
functional group was determined by HMBC and NOE spec-
tra, as shown in Figs. 1 and 2. The allylic carbon (8 74.0) at
C-1, which was correlated with the olefinic methyl, was cor-
related with the anomeric proton (C-1'). Furthermore the
NOE was observed between the allylic methylene and the
anomeric proton. The remaining two ester carbonyl carbons
(6 170.8 and 171.5) were correlated with the C-2" (6 5.54,
brt, J=8.8 Hz) and C-3’ (8 5.83, t, J=9.6 Hz) of glucose, re-
spectively. On the basis of the above spectral evidence, com-
pound 1 was determined to be glucose with a hemiterpene at
C-1" and two p-substituted phenylacetates at C-2’ and C-3'.
Moreover, NOEs were observed between the allylic methyl-
ene protons (C-1) and the methylene group at C-4, indicating
the E-configuration of the hemiterpene moiety. Thus the
structure of hymenoside A was established to be 1.
Hymenoside C (3), [a]3 —26.1°, had the molecular for-
mula C,H;,0,,Na (positive HR-FAB-MS m/z 571.1817
[M+Na]"). Comparison of the IR (1734, 1256 [ester car-
bonyl], 1613 cm™" [double bond]), UV (4, nm [log £]: 204
[4.53], 283 [3.69]: benzene ring), 'H-, and *C-NMR spectra
with those of 1 showed that 3 differs structurally from 1 only
in an additional hydroxyl group on one of the two benzene
rings, although the same sugar unit and hemiterpene are af-
fixed at C-1". This was further confirmed by the formation of
a hexaacetate by acetylation of 3. Thus compound 3 pos-
sessed 3,4-dihydroxyphenylacetoxyl (5. 170.8 [2'-O—-C=0];
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Fig. 3.

[64, 5.58, dd, J=10, 8 Hz]) and p-hydroxyphenylacetoxyl
(¢ 171.5 [3'-0-C=0]; [8y5 5.86, t, J=10Hz]) groups.
Each position was determined by the same HMBC (Fig. 3)
and NOE techniques as carried out in 1.

The structures of the remaining glucosides (2, 4—6) were
determined by careful analysis of 2D spectral data including
HMBC and NOE:s of each glucoside and their peracetates.

The presence of hemiterpene glucosides is very rare in na-
ture. Cinnamic, caffeic, and benzoic glucosides are well
known.” However, phenylacetic glucosides are also rare as
natural products. Moreover all the glucosides isolated had a
relatively strong bitter taste. This taste might be responsible
for the presence of phenylacetate.”
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Hymenoside A (1): oil, positive HR-FAB-MS m/z: 555.1828 [M+
Na]* (Caled for CyH;,0,,Na: 555.1842). [o]® —21.8° (c=4.8,
MeOH). 'H-NMR (Pyridine-d,): § 1.62 (3H, s, H-5), 3.57, 3.61 (each,
1H, d, J=15Hz, H-o'), 3.65, 3.70 (each, 1H, J=15.7 Hz, H-c), 3.86
(1H, ddd, J=9.6, 4.6, 2 Hz, H-5"), 4.08, 4.27 (each, 1H, brd, /=12 Hz,
H-1), 429 (1H, dd, /=13, 4.6 Hz, H-6"), 4.33 (1H, t, /=9.6 Hz, H-4"),
441 (1H, dd, J=13, 2Hz, H-6"), 4.43 (2H, d, /=6.3 Hz, H-4), 4.88
(1H, d, /=8 Hz, H-1"), 5.54 (1H, brt, J=8.8 Hz, H-2"), 5.83 (1H, t, J=
9.6 Hz, H-3"), 5.98 (1H, brt, J=6.3 Hz, H-3), 7.10 (2H, d, /=8 Hz, H-
3", 5™, 7.14 (2H, d, J=8 Hz, H-3", 5"), 7.28 (2H, d, J=8 Hz, H-2",
6", 7.34 (2H, d, J=8Hz, H-2", 6"). >C-NMR (Py-d,): § 13.4 (q, C-5),
39.9,40.0 (t, C-a, '), 58.0 (t, C-4), 61.1 (t, C-6"), 68.4 (d, C-4'), 72.4
(d, C-2"), 74.0 (t, C-1), 76.3 (d, C-3"), 77.8 (d, C-5"), 99.7 (d, C-1"),
115.8, 115.8 (d, C-3", 3", 5", 5"), 124.4, 124.5 (s, C-1", 1), 128.7 (d,
C-3), 130.6, 130.7 (d, C-2", 2", 6", 6™), 132.2 (s, C-2), 157.4, 157.5 (s,
C-4",4"),170.8 (s, 2’-O-C=0), 171.5 (s, 3'-O-C=0).

Hymenoside B (2): oil, positive HR-FAB-MS m/z: 587.1743 [M+
Na]* (Caled for C,;H;,0,;Na: 587.1740 ). [o]y —24.0° (¢=2.92,
MeOH). IR (KBr) cm™": 3412, 1734, 1607, 1364, 1285. UV A,
EtOH nm (log £): 284 (3.44), 205 (4.31). 'H-NMR (Py-ds): & 1.63
(3H, s, H-5), 3.60, 3.67 (2H, each, d, /=15 Hz, H-a'), 3.72 (2H, s, H-
), 3.86 (1H, m, H-5"), 4.09, 4.27 (each, 1H, brd, J=12Hz, H-1),
431 (1H, dd, J=12, 5Hz, H-6"), 432, (1H, t, J=10Hz, H-4"), 4.42
(1H, dd, /=12, 2Hz, H-6"), 4.44 (2H, d, /=6 Hz, H-4), 4.87 (1H, d,
J=8Hz, H-1"), 5.57 (1H, dd, J=10, 8 Hz, H-2'), 5.89 (1H, t, /=10 Hz,
H-3"), 6.00 (1H, brt, J=6 Hz, H-3), 6.89 (1H, dd, /=8, 2 Hz, H-6"),
6.94 (1H, dd, /=8, 2 Hz, H-6"), 7.17 (1H, d, J=8 Hz, H-5"), 7.20 (1H,
d, /=8 Hz, H-5"), 7.28 (1H, d, J=2Hz, H-2"), 7.35 (1H, d, J=2Hz,
H-2"). ®C-NMR (Py-ds): § 13.3 (g, C-5), 40.2 (t, C-0x), 40.3 (t, C-c),
57.9 (t, C-4), 61.1 (t, C-6"), 68.3 (d, C-4"), 72.3 (d, C-2"), 73.9 (t, C-1),
76.1 (d, C-3"), 77.9 (d, C-5"), 99.7 (d, C-1"), 116.0, (d, C-5", 5"),
117.3, 117.4 (d, C-2", C-2"), 120.5, 120.7 (d, C-6", 6™), 125.3, 125.4
(s, C-1",1"), 128.6 (s, C-3), 145.8 (s, C-3", 3"), 146.6, 146.7 (s, C-4",
4"), 170.8 (s, 2'-0-C=0), 171.5 (s, 3'-O-C=0).

Hymenoside C (3): oil, positive HR-FAB-MS m/z: 571.1817 [M+
Na]* (Caled for C,,H,,0,,Na: 571.1791). [o]3 —26.1° (c=2.38,
MeOH). IR (KBr) cm™': 3412, 1734, 1613, 1356, 1256. "H-NMR (Py-
ds): 6 1.64 (3H, s, H-5), 3.60, 3.66 (each, 1H, d, /=15Hz, H-o'),
3.68, 3.72 (each, 1H, d, J/=15Hz, H-e), 3.87 (1H, ddd, /=10, 5, 2 Hz,
H-5"), 4.10, 4.28 (each, 1H, brd, /=12 Hz, H-1), 4.32 (1H, dd, J=12,
5Hz, H-6), 4.35 (1H, t, J=10 Hz, H-4"), 4.43 (1H, dd, J=12, 2 Hz, H-
6'), 444 (2H, brd, J=6Hz, H-4), 4.89 (1H, d, /=8Hz, H-1'), 5.58
(1H, dd, /=10, 8 Hz, H-2"), 5.86 (1H, t, J/=10Hz, H-3"), 6.01 (I1H,
brdt, J=6, 1 Hz, H-3), 6.94 (1H, dd, /=8, 2 Hz, H-6"), 7.12 (2H, d, J=
8.5Hz, H-3", 5"), 7.22 (1H, d, J=8 Hz, H-5"), 7.31 (2H, d, J=8.5 Hz,
H-2", 6"), 7.38 (1H, d, J=2Hz, H-2"). *C-NMR (Py-d;): § 13.3 (q,
C-5), 40.0 (t, C-'), 40.2 (t, C-ax), 57.9 (t, C-4), 61.1 (t, C-6"), 68.3 (d,
C-4"), 72.3 (d, C-2"), 73.9 (t, C-1), 76.2 (d, C-3"), 77.8 (d, C-5"), 99.7
(d, C-1"), 115.7 (d, C-3", 5™), 116.0 (d, C-5"), 117.4 (d, C-2"), 120.6
(d, C-6"), 124.6 (s, C-1"), 125.2 (s, C-1"), 128.6 (d, C-3), 130.5 (d,
C-2", 6"), 132.2 (s, C-2), 145.8 (s, C-4"), 146.7 (s, C-3"), 157.4 (s,
C-4"),170.8 (s, 2'-O-C=0), 171.5 (s, 3'-O-C=0).

Hymenoside D (4): oil, positive HR-FAB-MS m/z: 571.1769 [M+
Na]* (Caled for C,,H;,0,,Na: 571.1791). [o]d —20.0° (c=1.18,
MeOH). IR (KBr) cm™": 3466, 1734, 1622, 1362, 1248. UV A,
(EtOH) nm (log €): 283 (3.70), 203 (4.62). '"H-NMR (Py-ds): & 1.64
(3H, s, H-5), 3.59, 3.64 (each, 1H, d, /=15 Hz, H-a’), 3.72 (2H, s, H-
a), 3.88 (1H, ddd, /=10, 5, 2Hz, H-5"), 4.10, 4.29 (each, 1H, brd,
J=12Hz, H-1), 431 (1H, dd, J=12, 5Hz, H-6"), 434 (1H, t, J=
10Hz, H-4"), 4.43 (1H, dd, J=12, 2Hz, H-6"), 4.46 (2H, d, J/=6Hz,
H-4), 490 (1H, d, J=8Hz, H-1"), 5.57 (1H, dd, J=10, 8 Hz, H-2"),
5.87 (1H, t, J=10Hz, H-3"), 6.01 (1H, brdt, J=6, 1 Hz, H-3), 6.90
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(1H, dd, J=8, 2 Hz, H-6"), 7.16 (2H, d, J=8.5Hz, H-3", 5"), 7.19 (1H,
d, J=8 Hz, H-5"), 7.35 (1H, d, J=2Hz, H-2"), 7.37 (2H, d, /=8.5 Hz,
H-2", 6"). BC-NMR (Py-ds): & 13.3 (q, C-5), 39.8 (t, C-), 40.3 (t, C-
o), 57.9 (t, C-4), 61.1 (t, C-6"), 68.2 (d, C-4"), 72.3 (d, C-2"), 73.9 (t,
C-1), 76.1 (d, C-3"), 77.8 (d, C-5"), 99.6 (d, C-1"), 115.7 (d, C-3", 5"),
115.9 (d, C-5"), 117.3 (d, C-2"), 120.4 (d, C-6"), 124.4 (s, C-1"),
125.3 (s, C-1"), 128.8 (d, C-3), 130.6 (d, C-2", 6"), 132.0 (s, C-2),
145.8 (s, C-4™), 146.7 (s, C-3"), 157.4 (s, C-4"), 170.7 (s, 2'-O-C=
0), 171.5 (s, 3'-0-C=0).

Hymenoside E (5): oil, positive HR-FAB-MS m/z: 587.1733 [M+
Na]® (Caled for C,;H,;,0.;Na: 587.1741). [a]¥ —8.2° (c=0.66,
MeOH). IR (KBr) cm™': 3375, 1730, 1606, 1361, 1286. UV A_.
(EtOH) nm (log &): 283 (3.91), 204 (4.83). 'TH-NMR (Py-ds): § 1.70
(3H, s, H-5), 3.69, 3.74 (each, 1H, d, J=15Hz, H-o'), 3.80, 3.85
(each, 1H, d, J=15Hz, H-v), 3.95 (1H, ddd, J=9, 6, 2 Hz, H-5"), 4.04
(1H, t, J=9Hz, H-4"), 4.19 (1H, t, J=9Hz, H-3"), 4.19, 4.37 (each,
1H, brd, J=12Hz, H-1), 4.46 (2H, d, J=7 Hz, H-4), 4.70 (1H, dd, J=
12, 6 Hz, H-6"), 4.84 (1H, d, /=8 Hz, H-1"), 4.98 (1H, dd, /=12, 2 Hz,
H-6"), 5.64 (1H, dd, J=9, 8 Hz, H-2'), 6.10 (1H, brdt, J=7, 1Hz, H-
3), 6.91 (1H, dd, J=8, 2Hz, H-6"), 6.94 (1H, dd, J=8, 2 Hz, H-6"),
7.192 (1H, d, J=8 Hz, H-5"), 7.195 (1H, d, J=8 Hz, H-5"), 7.39 (1H,
d, J=2Hz, H-2"), 7.40 (1H, d, J=2Hz, H-2"). 3C-NMR (Py-d;): §
14.0 (g, C-5), 40.8 (t, C-'), 41.2 (t, C-x), 58.6 (t, C-4), 64.7 (t, C-6"),
71.7 (d, C-4"), 74.5 (t, C-1), 75.2(d, C-2"), 75.3 (d, C-5"), 75.9 (d, C-
3"), 100.6 (d, C-1"), 116.5, 116.6 (d, C-5", 5"), 117.9 (d, C-2"), 118.0
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(d, C-2"), 121.0 (d, C-6"), 121.2 (d, C-6"), 126.1, 126.1 (s, C-1", 1),
129.3 (d, C-3), 133.0 (s, C-2), 146.3, 146.4 (s, C-4", 4™), 147.2, 147.3
(s, C-3",3"),171.5 (s, 2’-O-C=0), 172.3 (s, 6'-O-C=0).

Hymenoside F (6): oil, positive HR-FAB-MS m/z: 721.2117 [M+Na]*
(Calcd for CyH,0,5Na: 721.2108). [e] —10.2° (c=2.37, MeOH).
IR (KBr) cm™': 3285, 1732, 1608, 1356, 1287. UV A, (EtOH) nm
(log €): 283 (3.85), 202 (4.88). 'H-NMR (Py-ds): & 1.62 (3H, s, H-5),
3.55, 3.61 (each, 1H, d, J=15Hz, H-&"), 3.63, 3.67 (each, 1H, d, J=
15Hz, H-w), 3.65, 3.70 (each, 1H, d, J=15Hz, H-&"), 3.93 (1H, ddd,
J=10, 6, 2Hz, H-5"), 4.08 (1H, t, J=10Hz, H-4"), 4.12, 4.27 (each,
1H, brd, J=12Hz, H-1), 4.41 (2H, brdd, J=6, 2 Hz, H-4), 4.62 (1H,
dd, /=12, 6 Hz, H-6"), 4.81 (1H, d, /=8 Hz, H-1"), 4.88 (1H, dd, J=
12, 2Hz, H-6"), 5.53 (1H, dd, J=10, 8 Hz, H-2"), 5.76 (IH, t, J=
10Hz, H-3"), 6.01 (1H, brdt, /=6, 1Hz, H-3), 6.87 (1H, dd, J=8,
2Hz, H-6"), 6.90 (1H, dd, /=8, 2Hz, H-6"), 7.08 (2H, d, J=8.5Hz,
H-3", 5"), 7.16 (1H, d, J=8 Hz, H-5""), 7.18 (1H, d, /=8 Hz, H-5"),
7.26 (2H, d, J=8.5Hz, H-2", 6"), 7.31 (1H, d, J=2Hz, H-2""), 7.34
(1H, d, J=2 Hz, H-2"). *C-NMR (Py-d;): § 13.3 (g, C-5), 39.9 (t, C-
a'),40.1,40.2 (t, C-a, "), 57.9 (t, C-4), 63.5 (t, C-6"), 68.6 (d, C-4"),
72.0 (d, C-2'), 74.0 (t, C-1), 74.4 (d, C-5"), 75.8 (d, C-3'), 99.4 (d, C-
1), 115.7 (d, C-3", 5™), 115.9, 116.0 (d, C-5", 5"), 117.25, 117.35 (d,
C-6", 6™), 120.4, 120.6 (d, C-2",2"), 124.4 (s, C-1"), 125.1, 125.4 (s,
C-17, 1", 129.0 (d, C-3), 130.5 (d, C-2", 6™), 132.0 (s, C-2), 145.75,
145.83 (s, C-4", 4™), 146.7 (s, C-3", C-3""), 157.4 (s, C-4"), 170.7 (s,
2'-0-C=0), 171.3 (s, 3'-0-C=0), 171.6 (s, 6'-O-C=0).



