
July 2008 1013Notes

For the first time, we isolated a pregnane glycoside to-
gether with a significant quantity of diosgenin glycosides
from Paris polyphilla,1) which has been extensively used in
Chinese medicine. In recent years, many pregnane glycosides
had been obtained from Dioscorea,2) Allium,3) Tacca,4)

Solanum,5) and Cestrum6) genera. The occurrence of the
pregnane compounds suggests that they might be biosynthe-
sized in the plant internally from furostanol and spirostanol
glycosides by a reaction similar to Marker degradation.7) Fur-
thermore, this indicates that administered steroidal glyco-
sides might be metabolized into pregnane derivatives pos-
sessing various activities.

Meanwhile, we isolated a 3-O-b-lycotetraosyl pregnane8)

as a minor component from the overripe tomato, Lycopersi-
con esculentum MILL., fruit. This indicated that the type of
steroidal glycoside varies as tomato matures, that is, tomatine
in the green immature fruit is oxidized at C-23 and C-27 in
the ripe fruit to give a tomato major steroidal glycoside, es-
culeoside A.9) Further, esculeoside A is converted into the
pregnane glycoside in the overripe fruit. This seasonal varia-
tion also suggests variation in internal metabolism of this
fruit in humans.

Here, in addition to the previously isolated 3-O-b-lyco-
tetraosyl 5a-pregna-3b-ol-16-ene-20-one, we have obtained
a valuable pregnane glycoside.

The overripe mini-tomato was blended by mixer with
water for several seconds. The mixture was filtered by filter
paper to give yellow transparent filtrate, which was subse-
quently passed through high-porous polystyrene gel (Diaion
HP20) firstly with water then with MeOH. The methanolic
eluate was next evaporated to dryness to give a residue,
which was then subjected to Sephadex LH-20 by eluting with
90% MeOH to give two fractions containing steroid glyco-
sides and aromatic compounds. The former fraction was sub-
jected to ODS column chromatography to afford compound 1
as an amorphous powder (yield 0.0067%), showing [a]D

�55.2° (MeOH), together with esculeoside A9) and 3-O-ly-
cotetraosyl 5a-pregna-3b-ol-16-ene-20-one.8) The HR-FAB-
MS of 1 showed a peak at m/z 975.5960 due to C44H72NO22.
The 1H-NMR spectrum displayed three tertiary methyl
groups at d 0.63 (3H, s), 1.23 (3H, s), and 2.10 (3H, s) and
four anomeric protons at d 4.88 (1H, d, J�7.3 Hz), 5.20 (1H,
d, J�7.9 Hz), 5.25 (1H, d, J�7.9 Hz), and 5.59 (1H, d,
J�7.3 Hz). Regarding the 13C-NMR spectrum, signals due to
the sugar moiety were assigned by comparing with those of

the b-lycotetraosyl moiety in esculeoside A as follows: inner
b-D-galactopyranosyl C-1—6, d 102.6, 73.4, 74.6, 78.7,
74.6, 60.7, inner b-D-glucopyranosyl C-1—6: d 105.0, 81.3,
86.9, 70.5, 76.2, 62.6, terminal b-D-glucopyranosyl C-1—6:
d 105.1, 75.1, 78.7, 71.8, 77.8, 62.6, terminal b-D-xylopyra-
nosyl C-1—5, d 104.8, 73.2, 77.6, 70.8, 67.4. When these
signals were deducted from the whole signals, the remainder
constituted of 21 carbons, namely pregnane skeleton, of
which 13C signals were assigned by the help of FG-COSY,
HMQC, HMBC (from H3-18 at dH 1.23 to C-13 at dC 44.6,
to C-12 at dC 39.2, to C-14 at dC 53.8, and C-17 at dC 70.5;
from H3-19 at dH 0.63 to C-10 at dC 35.5, C-5 at dC 45.3, to
C-1 at dC 37.1, and to C-9 at dC 54.4, from H3-21 at dH 2.10
to C-20 at dC 211.0 and to C-17 at dC 70.5. Thus the respec-
tive carbon signals of the sapogenol moiety were assigned as
follows: d 37.1 (C-1), 29.9 (C-2), 77.6 (C-3), 34.9 (C-4),
45.3 (C-5), 29.0 (C-6), 32.2 (C-7), 35.2 (C-8), 54.4 (C-9),
35.5 (C-10), 21.1 (C-11), 39.2 (C-12), 44.6 (C-13), 53.8 (C-
14), 37.4 (C-15), 71.1 (C-16), 70.5 (C-17), 14.9 (C-18), 12.3
(C-19), 211.0 (C-20), 32.0 (C-21). Moreover, the HMBC was
observed between H-16 at d 5.07, and between H-1 at d 4.38
of the inner galactosyl moiety and C-3 at d 77.6. Therefore 1
was deduced to be 3-O-b-lycotetraosyl pregnane derivative.
Compound 1 would be a precursor of 3-O-b-lycotetraosyl
pregnane.8)

Next, 1 was enzymatically hydrolyzed with tomatinase10)

to afford compound 2 as colorless needles showing mp
193—197 °C and [a]D �67.4° (pyridine). Various 2D NMR
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Chart 1



measurements made the following 1H and 13C signals assign-
ments: dH 0.82 (3H, s, H3-19), 1.43 (3H, s, H3-18), 2.33 (3H,
s, H3-21), 3.86 (1H, m, H-3), 4.94 (1H, m, H-16); dC 37.5
(C-1), 32.4 (C-2), 70.6 (C-3), 39.0 (C-4), 45.3 (C-5), 29.1
(C-6), 32.5 (C-7), 34.9 (C-8), 54.9 (C-9), 35.9 (C-10), 21.0
(C-11), 39.3 (C-12), 42.4 (C-13), 54.4 (C-14), 38.2 (C-15),
71.8 (C-16), 69.3 (C-17), 14.7 (C-18), 12.5 (C-19), 208.5 (C-
20), 30.8 (C-21). The NOESYs were observed between H3-
18 and H3-21, and between H-17 and H-16. No NOESY be-
tween H3-18 and H-17 was observed. Therefore the structure
of 2 was determined to be 5a-pregna-3b ,16b-diol-20-one,
lycopersiconol11) isolated from tomato stock roots.

Next, 2 was refluxed with pyridine and water (1 : 1) to pro-
vide compound 3. Compound 3 was obtained as colorless
needles showing mp 203—205 °C, [a]D �48.2° (pyridine).
Measurements of 2D NMR spectra led to assignment of the
following 1H and 13C signals: dH 0.82 (3H, s, H3-19), 0.94
(3H, s, H3-18), 2.26 (3H, s, H3-21), 3.85 (1H, m, H-3), 6.62
(1H, dd, J�1.8, 3.1 Hz, H-16): dC 32.5 (C-1), 32.2 (C-2),
70.6 (C-3), 37.3 (C-4), 45.5 (C-5), 29.1 (C-6), 32.3 (C-7),
34.0 (C-8), 56.6 (C-9), 36.0 (C-10), 21.4 (C-11), 39,3 (C-12),
46.6 (C-13), 55.1 (C-14), 35.4 (C-15), 144.7 (C-16), 155.5
(C-17), 16.3 (C-18), 12.4 (C-19), 196.3 (C-20), 30.5 (C-21).
Threfore 3 was characterized as 5a-pregna-16-ene-3b-ol-20-
one, allopregnenolone.12) Consequently, the structure of 1
was elucidated as 3-O-b-D-xylopyranosyl(1—3)-[b-D-gluco-
pyranosyl-(1—2)]-b -D-glucopyranosyl-(1—4)-b -D-galactopy-
ranosyl (b-lycotetraosyl) 5a-pregna-3b ,16b-diol-20-one.

Taking into consideration the result that administered
tomato excreted many androstane derivatives in urine proba-
bly metabolized via the production of progesterone by the
consumed tomatoes,13) it might be possible to predict that
when steroidal glycosides such as spirostanol and furostanol
glycosides are administered orally, they would be metabo-
lized to the C-23 hydroxylate and these intermediates would
next be metabolized into pregnane derivatives showing vari-
ous pharmacological bio-activities.14)

Experimental
General Optical rotations were performed with a JASCO DIP-1000

KYU digital polarimeter (JASCO, Tokyo). MS were recorded on a JEOL
JMS-700. 1H- and 13C-NMR spectra were recorded with a JEOL alpha 500
spectrometer at 500 and 125 MHz, respectively; band chemical shifts were
given on a d (ppm) scale with tetramethylsilane (TMS) as an internal stan-
dard. Silica gel 60 (Merk, Art. 9385), Sephadex LH20 (Pharmacia Fine
Chemicals), Chromatorex ODS (Fuji Silysia Chemical, Ltd.), and Diaion
HP20 (Mitsubishi Chemical Industries Co., Ltd.) were used for column
chromatography.

Extraction and Separation of Esculeoside A The overripe fruits
(840 g) of commercial mini tomato, Lycopersicon esculentum MILL., were
smashed with water by mixer for 5—10 s then filtered with filter paper to
give a filtrate, which was then passed through Diaion HP20 first with water,
then with MeOH. The methanolic eluate was evaporated to give a residue. It
was subsequently subjected to Sephadex LH20 with 90% MeOH to afford
the first and second fractions (815, 132 mg, respectively). The first eluate
was then subjected to ODS column chromatography with 65% MeOH to
provide Compound 1 (56 mg, 0.00067%) together with esculeoside A
(212 mg) and pregnane glycoside (60 mg, 0.0071%).

Compound 1 An amorphous powder, [a]D �55.2° (c�1.0, MeOH).
HR-FAB-MS (m/z) 952.5960 [C44H72NO22]

� (Calcd for 952.5962), 1H-NMR
(in pyridine-d5) d : 0.63 (3H, s, H3-19), 1.23 (3H, s, H3-18), 2.10 (3H, s, H3-
21), 4.88 (1H, d, J�7.3 Hz, galactosyl H-1), 5.07 (1H, m, H-16), 5.20 (1H,
d, J�7.9 Hz, inner glucosyl H-1), 5.25 (1H, d, J�7.9 Hz, xylosyl H-1), 5.59

(1H, d, J�7.3 Hz, terminal glucosyl H-1). 13C-NMR (in pyridine-d5�D2O)
d : sapogenol: 37.1 (C-1), 29.9 (C-2), 77.6 (C-3), 34.9 (C-4), 45.3 (C-5),
29.0 (C-6), 32.2 (C-7), 35.2 (C-8), 54.4 (C-9), 35.5 (C-10), 21.1 (C-11), 39.2
(C-12), 44.6 (C-13), 53.8 (C-14), 37.4 (C-15), 71.1 (C-16), 70.5 (C-17), 14.9
(C-18), 12.3 (C-19), 211.0 (C-20), 32.0 (C-21). 3-O-Gal: d 102.6 (C-1),
73.4 (C-2), 74.6 (C-3), 78.7 (C-4), 74.6 (C-5), 60.7 (C-6), inner Glc 105.0
(C-1), 81.3 (C-2) , 86.9 (C-3), 70.5 (C-4), 76.2 (C-5), 62.6 (C-6), Xyl 104.8
(C-1), 73.2 (C-2), 77.6 (C-3), 70.8 (C-4), 67.4 (C-5), terminal Glc 105.1 (C-
1), 75.1 (C-2), 78.7 (C-3), 71.8 (C-4), 77.8 (C-5), 62.6 (C-6).

Compound 2 A crude tomatinase solution was prepared as reported in a
previous paper.10) The tomatinase solution extracted with phosphate buffer at
pH 7.0 (2.0 ml) was added to compound 1 (50 mg) dissolved in DMSO
(0.2 ml) and the reaction mixture was kept at room temperature overnight.
After finishing the reaction check by TLC, MeOH (2.0 ml) was added to the
mixture and a precipitate was removed by centrifuge; the supernatant was
passed through a MCI gel (5 ml) and eluted with H2O (20 ml) and MeOH
(20 ml). The MeOH eluate was concentrated under reduced pressure to give
crude compound 2 and was further purified by silica gel column chromatog-
raphy (CHCl3–MeOH�30 : 1) to afford compound 2 (9 mg). Colorless nee-
dles, mp 195—197 °C, [a]D �67.4° (c�1.00, pyridine). 1H-NMR (in pyri-
dine-d5) d : 0.82 (3H, s, H3-19), 1.43 (3H, s, H3-18), 2.33 (3H, s, H3-21),
3.86 (1H, m, H-3), 4.94 (1H, m, H-16). 13C-NMR (in pyridine-d5) d : sa-
pogenol: 37.5 (C-1), 32.4 (C-2), 70.6 (C-3), 39.0 (C-4), 45.3 (C-5), 39.1 (C-
6), 32.5 (C-7), 34.9 (C-8), 54.9 (C-9), 35.9 (C-10), 21.0 (C-11), 39.3 (C-12),
42.4 (C-13), 44.4 (C-14), 38.2 (C-15), 71.8 (C-16), 69.3 (C-17), 14.7 (C-18),
12.5 (C-19), 208.5 (C-20), 30.8 (C-21).

Compound 3 A solution of compound 2 (11 mg) dissolved in pyridine
(3 ml) and water (3 ml) was refluxed for 2 h. The reaction mixture was evap-
orated to give a residue, which was chromatographed with n-hexane–acetone
(4 : 1) to afford compound 3 (5 mg). Colorless needles, mp 203—205 °C,
[a]D �48.2° (c�1.00, pyridine). 1H-NMR (in pyridine-d5) d : 0.82 (3H, s,
H3-19), 0.94 (3H, s, H3-18), 2.26 (3H, s, H3-21), 3.85 (1H, m, H-3), 6.62
(1H, dd, J�1.8, 3.4 Hz, H-16). 13C-NMR (in pyridine-d5�D2O) d : sa-
pogenol: 32.5 (C-1), 32.2 (C-2), 70.6 (C-3), 37.3 (C-4), 45.5 (C-5), 29.1 (C-
6), 32.3 (C-7), 34.0 (C-8), 56.6 (C-9), 36.0 (C-10), 21.4 (C-11), 39.3 (C-12),
46.6 (C-13), 55.4 (C-14), 35.4 (C-15), 144.7 (C-16), 155.5 (C-17), 16.3 (C-
18), 12.4 (C-19), 196.3 (C-20), 30.5 (C-21).
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