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Three New Sesquiterpenoid Glucosides of Ficus pumila Fruit
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As the glycosyl constituents of Ficus pumila L. fruits (Moraceae), three new sesquiterpenoid glucosides,
pumilasides A, B and C were isolated together with benzyl B-p-glucopyranoside, (E)-2-methyl-2-butenyl -p-glu-
copyranoside and rutin. Their structures were characterized as (15,45,5R,6R,7S,105)-1,4,6-trihydroxyeudesmane
6-0-PB-p-glucopyranoside, (15,4S,5S,6R,7R,10S)-1,4-dihydroxymaaliane 1-O-B-p-glucopyranoside and 10a,11-di-
hydroxycadin-4-ene 11-0-B-p-glucopyranoside by spectral and chemical methods.
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The fruit of Ficus (F.) pumila L. (Moraceae, dhitabi in
Japanese) has been used in Chinese folk medicine as antitu-
mor, antiinflammatory and tonic medicament."

In previous papers,” we reported on the sterol and triter-
penoid components of this fruit. In this paper, we describe
the isolation and characterization of three new sesquiter-
penoid glucosides from the fruit, together with identification
of the known glycosides.

The methanolic extract of the fresh fruit was suspended in
water and then extracted with ether, ethyl acetate and n-bu-
tanol, successively. The n-butanol extract was treated as de-
scribed in Experimental to isolate three new sesquiterpenoid
glucosides, pumilaside A (1), pumilaside B (2) and pumila-
side C (3), together with the known glycosides 4—6, which
were identified as benzyl B-b-glucopyranoside,” (E)-2-
methyl-2-butenyl S-p-glucopyranoside® and rutin® by com-
parison of 'H- and *C-NMR spectra with those of authentic
samples.

Pumilaside A (1, C,;H;Og amorphous powder, [o]3
—28°) showed the [M+K]*, [M+Na]", [M+H]" and [M—
C¢H,,0,+H]" ion peaks at m/z 457, 441, 419 and 239 on the
positive FAB-MS. The 'H-, *C- and '*C~"H correlation spec-
troscopy (COSY) NMR spectral data (Tables 1 and 2)
showed the presence of one fB-glucopyranosyl, two tert-
methyls, two sec-methyls, four methylenes, five methines
(two of them were oxygenated) and two quaternary carbons
(one of them oxygenated). From the cross-peaks observed in
the heteronuclear multiple bond correlation (HMBC) spec-
trum: H-1/C-9, C-10 and C-14; H-5/C-3, C-4, C-6, C-7, C-9,
C-10 and C-14; H-6/C-7, C-10 and C-11; H-7/C-5 and C-12;
H,-9/C-5, C-7 and C-10; H;-12/C-7, C-11 and C-14; H,-
13/C-7, C-11 and C-12; H;-14/C-1, C-5, C-9 and C-10;
H;-15/C-3, C-4 and C-5, and 'H-'H COSY correlation data:
H-1/H,-2; H-6/H-5 and H-7; H-7/H-8 (6 1.63) and H-11, a
partial structure as described in Fig. 1 was obtained. Then,
1 was suggested to be a glucoside of eudesmane-type
sesquiterpenoid having three hydroxyl groups at C-1, C-4
and C-6. The position of the glycosyl unit was ascertained to
be C-6 from the HMBC correlation of glucosyl H-1/C-6, and
from the observed nuclear Overhauser effect (NOE) interac-
tion between the glucosyl H-1/H-6 in the nuclear Overhauser
and exchange spectroscopy (NOESY) spectrum. The cross-
peaks between H-6/H,;-14 and H;-15; H;-14/H;-15 in the
NOESY spectrum (Fig. 2) suggested that the orientation of
H-6, H;-14 and H;-15 should be axial. Moreover, NOE inter-
actions between H-5/H-1, H;-12 and H;-13 (Fig. 2), and the
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small coupling constant (4.5 Hz) between Hax.-6/H-7 sug-
gested that the orientation of H-1, H-5 and the isopropyl
group should be axial in the opposite direction to H-6, H,-14
and H;-15. So, 1 could be assumed to be a 6-O-f-p-glucopy-
ranoside of 1a,4B,6-trihydroxyeudesmane or its enan-
tiomer. Enzymatic hydrolysis of 1 gave an aglycone (1a,
C,5H,50;, amorphous powder, [o]3' +6°) and p-glucose, and
the absolute configuration at C-6 of 1 was indicated as R by
the values of the glycosylation shift of the o~ and the SB-pro-
S-side-carbons, and the chemical shift of the glucosyl
anomeric carbon as shown in Table 3. Thus, 1 was charac-
terized as (15,4S,5R,6R,7S5,105)-1,4,6-trihydroxyeudesmane
6-0-fB-p-glucopyranoside as described in Fig. 2.

Pumilaside B (2, C,H;,0,, white powder [mp 195—
197°C (dec.)], [a]% —19°) showed the [M+K]*, [M+Na]*,
[M—C¢H,,0,+H]" and [M—C(H,,0,—H,0+H]" ion peaks
at m/z 439, 423, 221 and 203 in the positive FAB-MS. The
'H-, 13C- and *C—'H COSY NMR spectral data of 2 (Tables
1 and 2) showed the presence of one -glucopyranosyl, four
tert-methyls, four methylenes, four methines (one of them
oxygenated), three quaternary carbons (one of them oxy-
genated). From the HMBC correlation data: H-5/C-1, C-3,
C-4, C-6, C-9, C-10, C-11, C-14 and C-15; H-6/C-4, C-7, C-
11, C-12 and C-13; H-7/C-5, C-6, C-9, C-11, C-12 and C-13;
H;-12/C-6, C-7, C-11 and C-13; H;-13/C-6, C-7, C-11 and
C-12; H,;-14/C-1, C-5, C-9 and C-10; H,-15/C-3, C-4 and
C-5, a partial structure as described in Fig. 1 was obtained
and 2 was suggested to be a glucoside of maaliane-type
sesquiterpenoid having two hydroxyl groups at C-1 and C-4.
The position of the glycosyl unit was ascertained to be C-1 in
the same way as described for 1. As the NOE interactions be-
tween the signals of H;-14/Hax.-2, H-6, H-7, Heq.-9 and H;-
15; H;-15/Heq.-3 and H-6 were observed in the NOESY
spectrum of 2 (Fig. 2), the orientation of H-6, H-7, H;-14 and
H;-15 was concluded to be the same as 1. Moreover, NOE
interactions between H-5/H-1, Hax.-3 and H;-12 were ob-
served in its NOESY spectrum (Fig. 2), and the orientation
of H-1 and H-5 was opposite to H-6, H-7, H;-14 and H;-15.
So, 2 was considered to be 1-O-B-p-glucopyranoside of
1 ot,4 B-dihydroxymaaliane or its enantiomer. Enzymatic hy-
drolysis of 2 gave an aglycone (2a, C,sH,O,, mp 172—
175°C, [@]3' +10°) and p-glucose, and the values of the gly-
cosylation shift of the - and the B-pro-S-side-carbons, and
the chemical shift of the glucosyl anomeric carbon (Table 3)
suggested the absolute configuration at C-1 of 2 was S.®
From these facts, 2 was determined as (15,45,5S,6R,7R,10S)-
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Table 1. '"H-NMR Spectral Data for 1, 2 and 3
1 3

H-1  3.69 (1H, t,J=7.0Hz) 3.58 (1H, t,J=7.0 Hz) 1.71 (1H, ddd J=12.0, 10.0, 1.5 Hz)
H,-2 190 2H, m)* 1.98 (1H, br ddd, /=13.0, 7.0, 3.0 Hz, H-¢) 2.56 (1H, br ddd, /=15.0, 4.0, 1.5 Hz, H-x)

2.42 (1H, dddd, /=13.0, 12.0, 7.0, 3.0 Hz, H-B8) 1.40 (1H, br ddd, /=15.0, 12.0, 5.5 Hz, H-})
H,-3  1.93 2H, m)* 1.94 (1H, ddd, J=13.0, 12.0, 3.0 Hz, H-) 2.11 (1H, br dd, J=15.0, 5.5Hz, H-)

1.85 (1H, br dd, /=13.0, 3.0 Hz, H-J3) 1.96 (1H, br dd, J/=15.0, 4.0 Hz, H-p)
H-5 2.35(1H,d,J=11.5Hz) 1.38 (1H, d, J=6.0 Hz) 6.96 (1H, brs)
H-6  5.07 (1H, dd, J=11.5,4.5Hz) 0.85 (1H, dd, J=9.0, 6.0 Hz) 2.22 (1H, br dd, J=12.0, 10.0Hz)
H-7 222 (1H, ddd,J=7.5,4.5,3.0Hz) 0.56 (1H, t, J=9.0 Hz) 1.82 (1H, ddd, J= 12.5, 12.0, 4.0 Hz)
H,-8  1.63 (IH, m, H-) 1.55 (1H, dd, J=15.0, 7.5 Hz, H-) 1.79 (1H, dddd, J=12.5, 4.0, 3.5, 3.5 Hz, H-)

1.77 (1H, ddd, J=12.5, 6.0, 3.0 Hz, H-§) 1.75 (1H, m, H-p) 1.13 (1H, dddd, J=12.5, 12.5, 12.5, 3.5 Hz, H-3)
H,-9 198 (1H, ddd, /=125, 3.0,3.0Hz, H-&) 2.44 (1H, m, H-o) 1.85 (1H, ddd, J=12.5, 12.5, 3.5 Hz, H-)
1.56 (1H, m, H-f) 0.91 (1H, ddd, J/=13.0, 13.0, 7.5 Hz, H-f) 2.02 (1H, ddd, J=12.5, 3.5, 3.5 Hz, H-§)

H-11 2.48 (1H, m)
H;-12 144 3H, d, J=6.5Hz) 1.04 (3H, s) 1.494 (3H, s)
H;-13 1.01 (3H, d, J=6.5Hz) 1.07 (3H, s) 1.489 (3H, s)
H;-14 1.24 (3H,s) 1.17 (3H, s) 1.32 (3H, s)
H;-15 1.75(3H,s) 1.45 (3H, s) 1.75 (3H, s)
Gle-1 5.18 (1H, d, J=7.5Hz) 4.90 (1H, d, J=7.5Hz) 5.13 (1H, d, J/=7.5Hz)
Gle-2 4.02 (1H, dd, J=9.0, 7.5 Hz) 4.04 (1H, dd, J=7.5, 7.0 Hz) 4.05 (1H, dd, J=9.0, 7.5 Hz)
Gle-3 4.27 (1H,t,J=9.0Hz) 4.26 (1H, t,J=7.0Hz) 4.25(1H,t,J=9.0Hz)
Gle-4 4.17 (1H, t,J=9.0Hz) 4.27 (1H, t,J=7.0Hz) 4.19 (1H, t, J=9.0Hz)
Gle-5 4.05 (1H, m) 3.98 (1H, m) 3.92 (1H, m)
Gle-6  4.38 (1H, dd, J=12.5, 6.0 Hz) 4.42 (1H, dd, /=12.0, 5.0 Hz) 4.29 (1H, dd, J=12.0, 6.0 Hz)

4.61 (1H, dd, J=12.5, 2.5Hz)

4.55 (1H, dd, J=12.0, 2.5 Hz)

4.48 (1H, dd, J=12.0, 3.5 Hz)

Solvent: pyridine-ds (500 MHz). & in ppm from TMS [coupling constants (J) in Hz are given in parantheses].

a) Assignment may be reversed.

Table 2. '3C-NMR Spectral Data for 1, 1a, 2, 2a, 3 and 3a Table 3. Glycosylation Shift and Glucosyl C-1 Chemical Shift of 1 and 2
1 1a 2 2a 3 3a Glucoside and carbon A6 (0 glucosyl— 6 aglycone) or &

Ag C-1 79.25 79.22 88.94 78.12 50.76 50.69 1 a-Carbon (C-6) AS +5.49
Cc-2 29.26 29.37 2854 30.09 23.60  23.55 R-alcohols, about A +5 to +8
C-3 40.94 41.30 41.66 41.89 31.27 31.32 2 -Carbon (C-1) AS +10.82
C-4 7235 72.75 71.24 71.63 131.96 132.27 S-alcohols, about A§ +10 to +11
C-5 5125 51.02 4867 48.63 127.81 12751 1 B-pro-S-side-carbon (C-7) ~ AS —6.10
C-6 78.55 73.06 20.79 21.08 41.34 41.46 R-alcohols, about A6 —4 to —5
Cc-7 4178 4788 1881 1899  51.67  53.01 2 f-pro-S-side-carbon (C-10) A6 +0.16
C-8 2330 2343 1583 16.02 27.06 27.56 S-alcohols, about A6 0 to —2
C-9 36.47 36.78 37.04 37.83 43.48 43.42 1 Glucosyl C-1 6100.30  R-alcohols, about § 102
C-10 4233 4151 38.68 38.51 70.81 70.89 2 Glucosyl C-1 6106.69  S-alcohols, about 6 106
C-11 25.85 2583 17.44 17.53 81.12 73.20
C-12 23.54 2443 15.66 15.74 21.86 24.89
C-13 2293 22.65 29.57 29.61 27.98 3243
C-14 1455 1471 1484 1445 2125 21.29 1.85)/C-1, C-7, C-8, C-10 and C-14; H;-12/C-7, C-11 and C-
C-15 2449 2510 2361 2374 2400 2430 13; H;-13/C-7, C-11 and C-12; H;-14/C-1, C-9 and C-10;

Gle G-I 10030 106.69 9843 H;-15/C-3, C-4 and C-5, and the '"H-'H COSY spectrum: H-
C-2 75.73 75.74 75.50 S .
c3 78.87 78.69 7921 6/H-7 showed the presence of a structure which is described
Cc-4 72.09 71.69 72.01 in Fig. 1. Then, 3 was suggested to be a glucoside of cadi-
C-5 78.57 78.21 77.77 nane-type sesquiterpenoid having a double bond at C-4(5)
C-6 63.14 62.91 63.27

Solvent: pyridine-ds (125 MHz). & in ppm from TMS.

1,4-dihydroxymaaliane 1-O-B-p-glucopyranoside as de-
scribed in Fig. 2.

Pumilaside C (3, C,H;0,, amorphous powder, [a]f
—17°) showed the [M+K]*, [M+Na]" and [M—CgH,,04+
H]" ion peaks at m/z 439, 423 and 221 in the positive FAB-
MS. The 'H-, *C- and *C-"H COSY NMR spectral data of
3 (Tables 1 and 2) showed the presence of one SB-glucopyra-
nosyl, four fert-methyls, four methylenes, three methines,
two oxygenated quaternary carbons and one trisubstituted
double bond. The results of HMBC correlation: H-1/C-3, C-

6, C-10 and C-14; H-5/C-1, C-3, C-6 and C-15; H-9 (o

and two hydroxyl groups at C-10 and C-11. The comparison
of *C-NMR data with that of a-cadinol” supported this con-
clusion. The position of the glycosyl unit was ascertained to
be C-11 in the same way as described for 1. As the NOE in-
teractions between the signals of H-6/H,;-12, H;-14, and be-
tween the signals of H;-14/Hax.-2, Hax.-8, Heq.-9, H;-12
were observed in the NOESY spectrum of 3 (Fig. 2), the ori-
entation of H;-14, H-6 were suggested to be axial, the hy-
droxyisopropyl group attached to C-7 was equatorial, and the
AB ring was indicated to be frans. Since p-glucose was ob-
tained together with the aglycone 3a by enzymatic hydroly-
sis, 3 was shown to have a 10¢,11-dihydroxycadin-4-ene 11-
O-3-p-glucopyranoside structure. But the absolute configura-
tion of 3 could not be determined from available data.

This is the first report of the isolation of sesquiterpenoid
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Fig. 1.

Partial Structures of 1 to 3 Solved by HMBC (heavy lines) and 'H-'"H COSY (plot lines) Spectra

1 2

Fig. 2.

from plants of the Ficus genus.

Experimental

HPLC separation was carried out on a JASCO chromatography (980-sys-
tem) with a JASCO 930 RI detector, JASCO OR-970 chiral detector and
ODS-3251-D [Senshupak, column size, 8 X250 mm], Symmetry Prep Cig
[Waters, column size, 7.8 X300 mm], Megapak SIL C,;-10 [JASCO, column
size, 7.5X250mm], carbohydrate analysis [Waters, column size, 3.9X
300 mm] column. The other instruments used and the experimental condi-
tions for the spectral data and for chromatography were the same as in the
preceding paper.>”

Extraction and Separation of 1 to 6 F. pumila L. was collected at
Gushikawa City, Okinawa Prefecture, Japan, in March 1994. The fresh fruit
(28kg) was extracted with methanol (32 1) at room temperature. After evap-
oration of the solvent, the residue (987 g) was suspended with water and suc-
cessively extracted with ether, ethyl acetate and n-butanol. Removal of the
solvent from each phase gave an ether (43.1g), ethyl acetate (6.5 g), n-bu-
tanol (35.1g) and an aqueous (889 g) residue. The n-butanol residue was
subjected to column chromatography on Amberlite XAD-II (H,0 - MeOH)
to afford water eluate (14.4 g) and methanol eluate (20.6 g). The methanol
eluate fraction was chromatographed on Sephadex LH-20 (MeOH) which
furnished four fractions. Fraction 2 (5.7g) was purified by silica gel
[CHC1;-MeOH (9:1 - 8:2)] chromatography to afford six fractions. From
the second fraction, 4 (2 mg) and 5 (3 mg) were isolated by Sephadex LH-20
(MeOH), Lobar RP-8 column (25% MeOH) and silica gel [CHCl,-MeOH
(9 :1)] chromatography, and HPLC using Symmetry Prep C,4 (20% MeOH)
and ODS-3251-D (10% MeOH). From the third fraction (140 mg), 1 (13 mg)
was isolated by Sephadex LH-20 (MeOH), Lobar RP-8 column (30%
MeOH) silica gel [CHCl;-MeOH-H,O (4:1:0.1)] chromatography and
HPLC using carbohydrate analysis column (95% CH;CN). From the fourth
fraction (50 mg), 2 (22 mg) was isolated by Sephadex LH-20 (MeOH), silica
gel [CHCl;-MeOH-H,0 (4:1:0.1)] chromatography and HPLC using
Megapak SIL C 5 column (95% CH,;CN). From the fifth fraction (35mg), 3
(11mg) was isolated by Sephadex LH-20 (MeOH), silica gel [CHCl—
MeOH-H,0 (4:1:0.1)] chromatography and HPLC using Megapak SIL C,4
column (95% CH,;CN). Fraction 3 (3.2 g) was purified by Sephadex LH-20
(MeOH) and Lobar RP-8 column (40% MeOH) to get 6 (35 mg).

The following compounds were identified by comparison with authentic
compounds.

Benzyl fB-p-glucopyranoside (4), (E)-2-methyl-2-butenyl f-p-glucopyra-
noside (5) and rutin (6).

3

srel. eonfig.y

Structures and NOE Interactions Observed in the NOESY Spectra of 1 to 3

Pumilaside A (1) Amorphous powder, [¢]3 —28° (c=1.0, MeOH).
Positive FAB-MS m/z: 457 [M+K]*, 441.2417 [M+Na]" (base, Calcd
for C,H;NaOg: 441.2465), 419.2663 [M+H]" (Caled for C,H;,Oq:
419.2645), 399 [M—H,0+H]+ (base), 239 [M—CH,,0,+H]".

Pumilaside B (2) White powder [mp 195—197°C (dec.)], [a]3 —19°
(c=1.8, MeOH). Positive FAB-MS m/z: 439 [M+K]*, 423.2314 [M+Na]*
(Caled for C,HyNaO,: 423.2359), 221 [M—CH;,0,+H]", 203 [M—
C¢H,,04—H,0+H]" (base).

Pumilaside C (3) Amorphous powder, [0]3 —17° (¢=0.9, MeOH).
Positive FAB-MS m/z: 439 [M+K]", 423.2364 [M+Na]" (base, Calcd for
C,,H;(NaO,: 423,2359), 221 [M—CH,,0,+H]*.

Enzymatic Hydrolysis of 1,2 and 3 Glycoside 1 (4 mg), 2 (6 mg) and 3
(3 mg) were each dissolved in water (5ml) with hespiridinase (3 mg), and
shaken in a water bath at 37 °C for 2 weeks. The mixtures were evaporated
in vacuo to dryness and the residues were chromatographed on silica gel
[CHCI;-MeOH (9:1) - CHCl;-MeOH-H,0 (7:3:0.5)] to give aglycone
and the sugar fractions. The sugar fractions were passed through Sephadex
LH-20 (MeOH) to give syrups. They were analyzed by HPLC [column, car-
bohydrate analysis (Waters: size, 3.9X300mm), detector, JASCO RI-930
and OR-990 chiral detector: 85% CH;CN, 2 ml/min; #; 4.53 min] which re-
vealed the presence of D-glucose. The aglycone fractions were purified by
silica gel chromatography on silica gel [n-hexane-EtOAc (1:1)] to give
aglycones (1a, 1.9 mg; 2a, 2.0 mg; 3a, 0.8 mg), respectively.

(18,4S,5R,6R,7S,105)-Trihydroxyeudesmane (1a) An amorphous pow-
der, [0]3} +6° (c=0.2, MeOH). Positive FAB-MS m/z: 256 [M(C,5H,40,)+
H]*. 'H-NMR (pyridine-d;) &: 0.97 (3H, d, J=6.5Hz, H;-13), 1.24 (3H, s,
H,-14), 1.36 (3H, d, J=6.5Hz, H;-12), 1.62 (3H, s, H,-15), 2.12 (1H, d,
J=11.5Hz, H-5), 2.29 (1H, ddd, J=7.5, 7.5, 4.5Hz, H-7), 3.69 (1H, t,
J=7.0Hz, H-1), 4.67 (1H, dd, J=11.5, 4.5 Hz, H-6).

(18,45,55,6R,7R,10S5)-Dihydroxymaaliane (2a) Colorless needles, mp
172—175°C, [a]3 +10° (c=0.2, MeOH). Positive FAB-MS m/z: 239
[M(C,sH,,0,)+H]". '"H-NMR (pyridine-d;) &: 0.64 (1H, t, J=9.0 Hz, H-7),
0.91 (1H, dd, J=9.0, 6.0 Hz, H-6), 1.05 (3H, s, H;-12), 1.10 (3H, s, H;-13),
1.22 (3H, s, H;-14), 1.42 (1H, d, J=6.0Hz, H-5), 1.53 (3H, s, H;-15), 3.59
(1H, t, J=7.0Hz, H-1).

10a,11-Dihydroxycadin-4-ene (3a) Amorphous powder. 'H-NMR
(pyridine-ds) &: 1.34 (3H, s, H;-14), 1.44 (6H, s, H;-12 and H;-13), 1.68
(3H, s, H;-15).

Acknowledgments The authors thank Messrs. Y. Takase and H. Suzuki
of the Central Analytical Department of this college for NMR and MS mea-



80 Vol. 48, No. 1

surements. 5) EI-Kholy, Shaban M. A. M., J. Chem. Soc., (C), 1966, 1140—1142.
6) Kasai R., Suzuo M., Asakawa J., Tanaka O., Tetrahedron Lett., 1977,
References 175—178; Tori K., Seo S., Yoshimura Y., Arita Y., Tomita Y., ibid.,
1) Kimura S., Konoshima M. (ed.), “Coloured Illustrations of Chinese 1977, 179—182; Kasai R., Okihara M., Asakawa J., Mizutani K.,
Medical Plants,” Yuhgonsha, Kyoto, 1986, pp. 412—413; Miyata S. Tanaka O., Tetrahedron, 35, 1427—1432 (1979); Mizutani K., Kasai
(ed.), “Antitumoral Crude Drugs and their Prescriptions,” Kagaku R., Tanaka O., Carbonhydr. Res., 87, 19—26 (1980); Kitajima J.,
Shoin, Tokyo, 1981, pp. 25—27. Ishikawa T., Tanaka Y., Chem. Pharm. Bull., 46, 1643—1646 (1998);
2) a) Kitajima J., Kimizuka K., Tanaka Y., Chem. Pharm. Bull., 46, Ishikawa T., Kitajima J., Tanaka Y., Ono M., Ito Y., Nohara T., ibid.,
1408—1411 (1998); b) Idem, ibid., 47, 1138—1140 (1999). 46, 1738—1742 (1998); Kitajima J., Aoki Y., Ishikawa T., Tanaka Y.,
3) Kitajima J., Ishikawa T., Tanaka Y., Ono M., Ito Y., Nohara T., Chem. ibid., 47, 639—642 (1999).
Pharm. Bull., 46, 1587—1590 (1998). 7) Bottini A. T., Garfagnoli D. J., J. Natural Products, 50, 732—734
4) Kitajima J., Ishikawa T., Tanaka Y., Chem. Pharm. Bull., 46, 1643— (1987).

1646 (1998).



