
In previous papers, we reported the isolation and structural
elucidation of a major steroidal alkaloid glycoside, esculeo-
side A, from the ripe fruit of Cherry tomato [Lycopersicon
esculentum var. cerasiforme (DUNAL) ALEF.] and pink color-
type tomato (Lycopersicon esculentum, Momotaro),1,2) a
major solanocapsine-type glycoside, esculeoside B, from the
ripe fruit of red color-type tomato (Lycopersicon esculentum,
Italian San Marzano),2) and a pregnane glycoside, tomato-
pregnane, from the overripe fruit of Cherry tomato.3) The
present paper describes the isolation and structural character-
ization of two new steroidal alkaloid glycosides (1, 2), along
with three known steroidal alkaloid glycosides (3—5) from
the ripe fruit of Cherry tomato.

The ripe fruit of Cherry tomato was smashed and then
centrifuged. The supernatant was successively subjected to
Diaion HP20, Chromatorex NH, and silica gel column chro-
matographies, as well as HPLC on ODS, to afford five
steroidal alkaloid glycosides (1—5).

Compounds 3—5 were identified as esculeoside A (3),1,2)

esculeoside B (4),2) and lycoperoside G (5),4) respectively,

based on their physical and spectral data.
Compound 1, tentatively designated esculeoside C, was

obtained as an amorphous powder, [a]D �56.7° (pyridine).
The negative FAB-MS and positive FAB-MS exhibited an
[M�H]� ion peak at m/z 1254 and an [M�Na]� ion peak at
m/z 1278, respectively. The molecular formula of 1 was de-
termined to be C57H93NO29 by high-resolution (HR) positive
FAB-MS. The 1H-NMR spectrum of 1 showed signals due 
to three tertiary methyl groups (d 1.72, 0.85, 0.81), one
methoxyl group (d 3.22), and five anomeric protons [d 5.58
(d, J�7.5 Hz), 5.25 (d, J�8.0 Hz), 5.21 (d, J�8.0 Hz), 4.90
(d, J�8.0 Hz), 4.83 (d, J�8.0 Hz)]. The 13C-NMR spectrum
of 1 was similar to that of 4; in particular, the signals due to
the sugar moiety were almost superimposable, although sig-
nals due to one methoxyl carbon (d 47.3), one oxygen-bear-
ing quaternary carbon (d 73.4), and one olefinic carbon 
(d 165.4) appeared and signals due to one methine carbon
and one nitrogen-bearing methine carbon disappeared. These
NMR signals were assigned in detail with the aid of 1H–1H
correlation spectroscopy (COSY), heteronuclear multiple
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Fig. 1. 1H–13C Long-Range Correlations Observed for 1 and 2 in the HMBC Spectra (in Pyridine-d5, 500 MHz)



quantum coherence (HMQC), and heteronuclear multiple
bond correlation (HMBC) techniques, and the planar struc-
ture of 1 was determined as illustrated in Fig. 1. The stere-
ostructure was defined on the basis of nuclear Overhauser
and exchange spectroscopy (NOESY) spectra and coupling
constant values of the signals due to equatorial proton (Hb-
26) at C-26. The key NOEs were observed between H-16 and
OCH3, between H-16 and H-17, and between H3-18 and H3-
21. Furthermore, the coupling constant values of the signal
due to Hb-26 [d 3.46 (dd, J�11.0, 18.5 Hz)] were superim-
posable on those of 22,26-epimino-16b ,23-epoxy-23a-ethoxy-
5a ,25aH-cholest-22(N)-ene-3b ,20a-diol (6), which was iso-
lated from the root of tomato stock by Nagaoka et al.5) From
these data, the configurations at C-16, C-17, C-20, C-23, and
C-25 were determined to be S, R, S, R, and S, respectively.
Consequently, 1 was defined as 3-O-b-lycotetraosyl(5S,25S)-
22,26-epimino-16b ,23-epoxy-23a -methoxy-22(N)-ene-
3b ,20a ,27-trihydroxycholestane 27-O-b-D-glucopyranoside.

Compound 2, tentatively designated esculeoside D, was
obtained as an amorphous powder, [a]D �20.7° (pyridine),
and showed an [M�H]� ion peak at m/z 1270 in the negative
FAB-MS and an [M�Na]� ion peak at m/z 1294 in the posi-

tive FAB-MS. The HR positive FAB-MS showed the molecu-
lar formula of 2 to be C57H93NO30. In the 1H-NMR spectrum,
the signals due to two tertiary methyl groups (d 1.32, 0.64),
one acetyl group (d 2.42), one methoxyl group (d 3.46), one
amino proton (d 8.93), and five anomeric protons [d 5.58 (d,
J�7.0 Hz), 5.25 (d, J�7.5 Hz), 5.21 (d, J�8.0 Hz), 4.90 (d,
J�8.0 Hz), 4.87 (d, J�8.0 Hz)] were observed. The 13C-
NMR spectrum of 2 gave 28 carbon signals for the aglycone
moiety, including the signals due to one ketone carbonyl car-
bon (d 207.0), one ester carbonyl carbon (d 168.3), and one
nitrogen- and oxygen-bearing carbon (d 96.9), and quite sim-
ilar signals to those of 1 for the sugar moiety. These 1H- and
13C-NMR signals were assigned in detail using techniques
similar to those used for 1. The HMBC spectrum indicated
correlations of the ketone carbonyl carbon with H-17 and
acetyl protons. Further, the signal due to H-16 of Ag was
subjected to acylation shift by 0.80 ppm in comparison with
that (in CD3OD) of lycopersiconol (7)6) in the 1H-NMR spec-
trum. On the basis of the above findings, the planar structure
of 2 was elucidated to be a pregnane glycoside, with a b-ly-
cotetraosyl group at C-3, an alkaloid ester group at C-16, and
a b-glucopyranosyl group at C-27, as shown in Fig. 1. The
stereochemistry of C-16 and C-17 were determined by analy-
sis of the coupling constant values of the signals due to H-16
[d 5.45 (ddd, J�7.5, 7.5, 7.5 Hz)] and H-17 [d 2.51 (d, J�
7.5 Hz)], which were similar to those of 16b-[[(4S)-5-(b-
D-glucopyranosyloxy)-4-methyl-1-oxopentyl]oxy]-3b-[(O-a-
L-rhamnopyranosyl-(1→2)-O-[a -L-rhamnopyranosyl-(1→
3)]-b-D-glucopyranosyl)oxy]pregn-5-en-20-one (8),7) in the
1H-NMR spectrum. The absolute configuration at C-26 was
recognized to be S, since 2 was considered to be biosyntheti-
cally produced from 3.3) However, the configuration at C-23
has not been confirmed. Consequently, 2 was elucidated to be
3-O-b-lycotetraosyl 3b ,16b-dihydroxy-5a-pregn-20-one 16-
O-[(4S)-2,5-epimino-2-methoxy-4-(b -D-glucopyranosy-
loxy)methyl-pentanoic acid]-ester.
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Fig. 3. Structures of 1—8

Fig. 2. Selected NOE Correlations Observed for 1 in the NOESY Spec-
trum (in Pyridine-d5, 500 MHz)



Experimental
All the instruments and materials used were the same as those cited in a

previous report,8) unless otherwise specified.
Plant Material The fruit of Cherry tomato was collected in September

2004 at the orchard of Kyushu Tokai University, Kumamoto prefecture.
Extraction and Isolation The fresh ripe fruit of Cherry tomato (L. es-

culentum var. ceraciforme) (11.78 kg) was smashed and then centrifuged.
The supernatant was chromatographed over Diaion HP20 (H2O, MeOH, ace-
tone) to give fractions (frs.) 1—3. Fraction 2 (10.1 g) was subjected to Chro-
matorex NH column chromatography [Fuji Silysia Chemical Co., Ltd.,
CHCl3–MeOH–H2O (10 : 2 : 0.1, 8 : 2 : 0.2, 7 : 3 : 0.5, 6 : 4 : 1, 0 : 1 : 0), 50%
MeOH, 40% MeOH, 30% MeOH, 20% MeOH] to afford frs. 4—12. Frac-
tion 9 (2117 mg) was recrystallized from MeOH to give 3 (155 mg). Chro-
matography of fr. 10 (673 mg) on silica gel [Merck. Art 9385, CHCl3–
MeOH–H2O (10 : 2 : 0.1, 8 : 2 : 0.2, 7 : 3 : 0.5, 6 : 4 : 1)] furnished fr. 13, fr. 14
and 4 (52 mg). Fraction 13 (173 mg) and fr. 14 (173 mg) were each subjected

to HPLC (column, Cosmosil 5C18 AR-II, Nacalai Tesque, Inc.,
250 mm�20 mm i.d.; 60% MeOH) to furnish 1 (11 mg) and 5 (9 mg) from
fr. 13 and 2 (11 mg) from fr. 14.

1: Amorphous powder. [a]D
24 �56.7° (c�0.9, pyridine). Negative FAB-

MS m/z: 1254 [M�H]�. Positive FAB-MS m/z: 1278 [M�Na]�. HR posi-
tive FAB-MS m/z: 1278.5756 [M�Na]� (Calcd for C57H93NO29Na:
1278.5730). 1H-NMR (in pyridine-d5, 500 MHz) d : 5.58 (1H, d, J�7.0 Hz,
H-1 of Glc�), 5.25 (1H, d, J�8.0 Hz, H-1 of Xyl), 5.21 (1H, d, J�8.0 Hz, H-
1 of Glc), 4.90 (1H, d, J�8.0 Hz, H-1 of Gal), 4.83 (1H, d, J�8.0 Hz, H-1 of
Glc�), 4.67 (1H, m, H-16), 3.84 (1H, dd, J�9.0, 9.0 Hz, H-4 of Glc), 3.68
(1H, dd, J�10.5, 10.5 Hz, H-5 of Xyl), 3.59 (1H, dd, J�6.0, 10.0 Hz, Hb-
27), 3.46 (1H, dd, J�11.0, 18.5 Hz, Hb-26), 3.22 (3H, s, OCH3), 2.51 (1H,
br d, J�13.5 Hz, Ha-24), 1.94 (1H, d, J�5.0 Hz, H-17), 1.72 (3H, s, H3-21),
0.81 (3H, s, H3-18), 0.65 (3H, s, H3-19). 13C-NMR data: see Table 1.

2: Amorphous powder. [a]D
24 �20.7° (c�1.0, pyridine). Negative FAB-

MS m/z: 1270 [M�H]�. Positive FAB-MS m/z: 1294 [M�Na]�. HR posi-
tive FAB-MS m/z: 1294.5677 [M�Na]� (Calcd for C57H93NO30Na:
1294.5680). 1H-NMR (in pyridine-d5, 500 MHz) d : 8.93 (1H, s, NH), 5.58
(1H, d, J�7.0 Hz, H-1 of Glc�), 5.45 (1H, ddd, J�7.5, 7.5, 7.5 Hz, H-16),
5.25 (1H, d, J�7.5 Hz, H-1 of Xyl), 5.21 (1H, d, J�8.0 Hz, H-1 of Glc),
4.90 (1H, d, J�8.0 Hz, H-1 of Gal), 4.87 (1H, d, J�8.0 Hz, H-1 of Glc�),
4.70 (1H, dd, J�9.5, 9.5 Hz, Ha-6 of Gal), 3.84 (1H, dd, J�9.0, 9.0 Hz, H-4
of Gal), ca. 3.70 (1H, Hb-27), ca. 3.48 (1H, Ha-26), 3.46 (3H, s, OCH3),
3.22 (1H, dd, J�11.0, 11.0 Hz, Hb-26), 2.59 (1H, m, H-25), 2.51 (1H, d,
J�7.5 Hz, H-17), 2.48 (1H, br d, J�12.5 Hz, Ha-24 ), 2.42 (3H, s, H3-21),
2.20 (1H, m, H-15), 1.88 (1H, dd, J�12.5, 12.5 Hz, Hb-24), 1.79 (1H, br d,
J�11.0 Hz, Ha-4), 1.59 (1H, dddd, J�3.5, 12.0, 12.0, 12.0 Hz, Hb-2), 1.32
(3H, s, H3-18), 1.01 (1H, ddd, J�3.5, 12.0, 12.0 Hz, Hb-12), 0.88 (1H, m,
H-5), 0.78 (1H, m, Hb-1), 0.64 (3H, s, H3-19), 0.49 (1H, dd, J�9.5, 9.5 Hz,
H-9). 13C-NMR data: see Table 1.
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Table 1. 13C-NMR Data for 1 and 2 (in Pyridine-d5, 125 MHz)

Position 1 2 Position 1 2

1 37.2 37.2 Gal-1 102.6 102.4
2 29.9 29.9 Gal-2 73.2 73.2
3 77.8a) 77.8a) Gal-3 75.7b) 75.7b)

4 34.9 34.9 Gal-4 79.9 79.9
5 44.8 44.8 Gal-5 75.2b) 75.1b)

6 29.0 29.0 Gal-6 60.7 60.7
7 32.1 32.3 Glc-1 105.1 105.1
8 35.0 34.7 Glc-2 81.3 81.3
9 54.6 54.6 Glc-3 86.9 86.9

10 35.8 35.9 Glc-4 70.8 70.8
11 20.9 20.9 Glc-5 77.5 77.4
12 39.9 38.7 Glc-6 62.9c) 62.6
13 42.3 42.9 Glc�-1 104.8 104.8
14 54.9 54.1 Glc�-2 76.2 76.2
15 33.5 37.3 Glc�-3 78.6d) 78.6c)

16 70.5 74.0 Glc�-4 71.1 71.1
17 66.7 68.4 Glc�-5 77.6a) 77.6a)

18 13.3 15.1 Glc�-6 62.6 63.0
19 12.3 12.3 Xyl-1 105.1 105.0
20 73.4 207.0 Xyl-2 75.4b) 75.1b)

21 25.1 32.4 Xyl-3 78.7d) 78.6c)

22 165.4 168.3 Xyl-4 70.5 70.5
23 95.9 96.9 Xyl-5 67.4 67.4
24 31.7 35.9 Glc�-1 105.0 105.0
25 31.9 32.3 Glc�-2 75.1 75.4
26 54.1 44.5 Glc�-3 78.7d) 78.7c)

27 72.0 71.7 Glc�-4 71.8 71.8
OCH3 47.3 50.9 Glc�-5 78.6d) 78.7c)

Glc�-6 63.0c) 63.0

d in ppm from TMS. a—d) Assignments may be interchanged. Gal, galactopyra-
nosyl; Glc, glucopyranosyl; Xyl, xylopyranosyl.


