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Abstract

From the fruiting bodies of AscomycetesTuber indicum, a new steroidal glucoside with polyhydroxy ergosterol nucleus, tuberoside (2),
has been isolated along with additional four known ergosterol derivatives, (22E, 24R)-ergosta-7, 22-dien-3b, 5a, 6b-triol (1), 5a,
8a-epidioxy-(22E, 24R)-ergosta-6, 22-dien-3b-ol (3), (22E, 24R)-ergosta-5, 22-dien-3b-ol (4), and (22E, 24R)-ergosta-4, 6, 8(14), 22-
tetraen-3-one (5). The structure of new compound was established as 3-O-b-D-glucopyranosyl-(22E, 24R)-ergosta-7, 22-dien-5a, 6b-diol
(2) on the basis of chemical and spectroscopic means (1H NMR, 13C NMR, HMQC, HMBC, MS, and IR). This is the first example of
isolation of a polyhydroxylated ergosterol glucoside from higher fungi in nature. © 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction

Truffles, also known as the ‘black diamonds’, are under-
ground mushrooms which grow in symbiosis with certain
trees. They are thought to be a ‘miracle of nature’ and have
been, since ancient times, the ultimate in gastronomy. There
are more than a hundred different kinds of truffles, but only
a few have a gastronomic interest, some are not even edible.
The Chinese truffleTuber indicumCooke et Massee., a
generally hypogeous fungus belonging to the family Tuber-
aceae, is distributed in the provinces of Yunnan and Sichuan
of China [1]. This truffle looks a lot like the black winter
truffle Tuber melanosporumin Europe. Its skin is reddish
before becoming brow-black when mature. The flesh is
white veins and has an elasticized consistency [1]. Since its
significant commercial value and as part of a search for
naturally occuring bioactive metabolites of the higher fungi
in Yunnan province, the chemical composition ofTuber
indicum was investigated. From the fruiting bodies ofT.
indicum, a new polyhydroxy sterol glycoside named tuber-
oside (2) was isolated, together with four known ergostane
compounds, (22E, 24R)-ergosta-7, 22-dien-3b, 5a, 6b-triol

(1), 5a, 8a-epidioxy-(22E, 24R)-ergosta-6, 22-dien-3b-ol
(3), (22E, 24R)-ergosta-5, 22-dien-3b-ol (4) (22E, 24R)-
ergosta-4, 6, 8(14), 22-tetraen-3-one (5). Of these five ste-
roids,4 was found to be a major component of this fungus.
In this paper, the isolation and structural elucidation of a
new glycoside, 3-O-b-D-glucopyranosyl-(22E, 24R)-er-
gosta-7, 22-dien-5a,6b-diol (2) is reported.

2. Experimental

2.1. General methods

Melting points were obtained on an XRC-1 apparatus
and are uncorrected. Optical rotations were measured on a
Horiba SEPA-300 polarimeter.1H and 13C nuclear mag-
netic resonance (NMR) spectra were recorded on a Bruker
AM-400 spectrometer, the chemical shiftsd are given in
ppm relative to TMS as a internal standard and coupling
constants are given in Hz. The multiplicity of13C NMR was
determined as DEPT. Two-dimensional (2D) NMR pro-
grams were used for recording the 2D spectra in Bruker
DRX-500. High-resolution electron impact mass spectra
(HREIMS) and fast-atom bombardment mass spectrometry
(FAB-MS) were recorded on a VG AutoSpec 3000 mass
spectrometer. Infrared (IR) spectra were obtained with a
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Bio-Rad FTS-135 infrared spectrophotometer with KBr pel-
lets.

Column chromatography was performed over silica gel
(200–300 and 230–400 mesh), Merck, LiChroprep RP-8
gel (40–63mm) and Sephadex LH-20 gel (25–100, Phar-
macia). Thin layer chromatography (TLC) was carried out
on plates precoated with Merck RP-18 and silical gel F254

(Qingdao Marine Chemical Ltd., People’s Republic of Chi-
na).

2.2. Extraction and isolation

The dried fruiting bodies ofT. indicumwere purchased
in Yunnan Province in April 2000 and identified by Profs.
P.G. Liu, X.H. Wang, Kunming Institute of Botany, the
Chinese Academy of Sciences, Kunming, Yunnan, People’s
Republic of China. A voucher specimen is deposited at the
Herbarium of Kunming Institute of Botany.

The dried and powdered fruiting bodies (4.7 kg) were
extracted successively three times with CHCl3 and four
times with CHCl3/MeOH (1:1) at room temperature, which
were concentrated to dryness in vacuo, respectively, to give
CHCl3 extracts (154 g) and CHCl3/MeOH extracts (122 g).
The latter were chromatographed over silica gel using
CHCl3 and increasing concentrations of MeOH in CHCl3 as
eluents. The fractions (3.5 g) eluted with CHCl3/MeOH
(95:5) were subjected to silica gel column chromatography
using CHCl3/MeOH (9:1) to yield a residue (139 mg),
which was rechromatographed on silica gel with cyclohex-
ane/acetone (7:3) to furnish pure compound1 (32 mg). The
fractions (3.1 g) eluted with CHCl3/MeOH (9:1) were chro-
matographed over RP-8 column using MeOH/H2O (90:10)
to produce a residue (93.8 mg), followed by gel permeation
through Sephadex LH-20 in MeOH/H2O (8:2) to afford
pure compound2 (46.7 mg). The CHCl3 extracts were
passed through vacuum liquid chromatography (VLC) over
silica gel with a petroleum ether/ether mixture containing
increasing amount of ether as eluents to yield ten fractions.
Fraction 2 afforded compound5 (9 mg). Fraction 8 gave
compound3 (36 mg). The fractions eluted with petroleum
ether /ether (30:70, v/v) were rechromatographed over silica
gel with n-hexane/ethyl acetate (80:20) followed by crys-
tallization from ethyl acetate to afford compound4 (2 g).

2.2.1. (22E, 24R)-ergosta-7, 22-dien-3b, 5a, 6b-triol (5
cerevisterol)(1)

Colorless needles, m.p. 224–227°C (cyclohexane/ace-
tone); [a]D

24 5 222.62° (c5 0.21, MeOH); IR (KBr)v:
3412, 2951, 2865, 1660, 1456, 1381, 1032, 969 cm21;
EI-MS (70 eV)m/z(relative intensities): 430 (M1, 6.5), 412
(M1-H2O, 100), 394 (M1-2H2O, 70), 379 (M1-2H2O-Me,
65.5), 376 (M1-3H2O, 15), 285 [M1-3H2O-side chain
(C9H17), 11], 269 (M1-2H2O-C9H17, 34), 251 (M1-3H2O-
C9H17, 39), 107(15), 81(28), 69(44);1H NMR (400 MHz,
C5D5N) d: 5.73 (1H, dd, J5 4.8, 2.4 Hz, H-7), 5.24 (1H, dd,
J 5 15.4, 7.3 Hz, H-23), 5.19 (1H, dd, J5 15.4, 7.8 Hz,

H-22), 4.82 (1H, m, H-3), 4.31 (1H, br s, H-6), 0.67 (3H, s,
H3-18), 1.53 (3H, s, H3-19), 1.07 (3H, d, J5 6.5 Hz,
H3-21), 0.96 (3H, d, J5 6.8 Hz, H3-28), 0.87 (3H, d, J5
6.6 Hz, H3-27), 0.86 (3H, d, J5 6.6 Hz, H3-26); 13C NMR,
see Table 1.

2.2.2. 3-O-b-D-glucopyranosyl-(22E, 24R)-ergosta-7, 22-
dien-5a, 6b-diol (2)

White amorphous powders, m.p. 245–247°C (MeOH);
[a]D

26 5 295.52° (c 5 0.22, pyridine); HR-EIMSm/z:
592.3985 (M1, C34H56O8; requires 592.3975); EI-MS (70
eV) m/z(relative intensities): 592 (M1, 0.1), 574 (M1-H2O,
1.2), 412 [M1-H2O-hexose (C6H10O5), 55], 394 (M1-

Table 1.13C NMR (DEPT) chemical shifts for1, 2 and2a*

Position 1 2 2a
dc dc dc

1 32.59 (CH2) 33.56 (CH2) 32.39 (CH2)
2 33.83 (CH2) 30.10 (CH2) 29.69 (CH2)
3 67.59 (CH) 75.60 (CH) 72.94 (CH)
4 41.90 (CH2) 38.09 (CH2) 39.19 (CH2)
5 76.16 (C) 75.92 (C) 75.18 (C)
6 74.27 (CH) 74.24 (CH) 73.26 (CH)
7 120.4 (CH) 120.3 (CH) 114.0 (CH)
8 141.6 (C) 141.4 (C) 145.8 (C)
9 43.80 (CH) 43.66 (CH) 43.45 (CH)
10 38.09 (C) 38.09 (C) 37.34 (C)
11 22.44 (CH2) 22.35 (CH2) 22.07 (CH2)
12 39.95 (CH2) 39.88 (CH2) 39.19 (CH2)
13 43.80 (C) 43.77 (C) 43.89 (C)
14 55.26 (CH) 55.23 (CH) 54.91 (CH)
15 23.48 (CH2) 23.46 (CH2) 22.78 (CH2)
16 28.42 (CH2) 28.41 (CH2) 27.82 (CH2)
17 56.29 (CH) 56.25 (CH) 56.00 (CH)
18 12.54 (CH3) 12.50 (CH3) 12.32 (CH3)
19 18.76 (CH3) 18.49 (CH3) 18.25 (CH3)
20 40.75 (CH) 40.74 (CH) 40.31 (CH)
21 20.14 (CH3) 20.12 (CH3) 19.93 (CH3)
22 136.2 (CH) 136.2 (CH) 135.3 (CH)
23 132.2 (CH) 132.2 (CH) 132.2 (CH)
24 43.11 (CH) 43.08 (CH) 42.84 (CH)
25 33.38 (CH) 33.35 (CH) 33.06 (CH)
26 20.67 (CH3) 19.83 (CH3) 19.63 (CH3)
27 19.85 (CH3) 17.81 (CH3) 19.14 (CH3)
28 17.85 (CH3) 17.46 (CH3) 17.60 (CH3)
19 102.6 (CH) 100.6 (CH)
29 75.36 (CH) 71.50 (CH)
39 78.62 (CH) 71.77 (CH)
49 71.77 (CH) 68.55 (CH)
59 78.13 (CH) 71.64 (CH)
69 62.87 (CH2) 62.12 (CH)
5 3 COCH3 170.6,

170.23 2
169.43 2

5 3 COCH3 21.26,
21.10,
20.73
20.583 2

* 13C NMR spectra at 100 MHz were measured in C5D5N except for
compound2a (CDCl3); assignment on the basis of1H-1H and 13C-1H
correlated 2D spectroscopy (COSY) and DEPT.
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2H2O- C6H10O5, 42.5), 376 (M1-3H2O-C6H10O5, 38), 379
(M1-2H2O-C6H10O5-Me, 28), 305 [M1-C9H17(side chain)-
C6H10O5, 1], 269 (M1-2H2O-C9H17-C6H10O5, 19),
285 (M1-H2O-2H-C6H10O5-C9H17, 6), 251 (M1-3H2O-
C6H10O5-C9H17, 40), 109 (24), 95 (30), 81 (48), 69 (100);
negative FABMSm/z591 (M-1). IR (KBr) v: 3404 (OH),
2952, 2868, 1635, 1455, 1371, 1158, 1101, 1075, 1037
(C-O), 968 cm21; 1H NMR (400 MHz, C5D5N) d 5.73 (1H,
dd, J5 4.8, 2.4 Hz, 7-H), 4.93 (1H, m, 3-H), 4.39 (1H, d,
J 5 4.8 Hz, 6-H), 2.88 (1H, dd, J5 10.2, 9.5 Hz, Hax-4),
0.65 (3H, s, 18-H3), 1.41 (3H, s, 19-H3), 0.94 (3H, d, J5
6.8 Hz, 21-H3), 5.18 (1H, dd, J5 14.9, 7.2 Hz, 22-H3), 5.22
(1H, dd, J5 14.9, 8.1 Hz, 23-H3), 0.84 (3H, d, J5 6.7 Hz,
26-H3), 0.85 (3H, d, J5 6.7 Hz, 27-H3), 1.04 (3H, d, J5
6.5 Hz, 28-H3), 4.96 (1H, d, J5 7.6 Hz, 19-H), 4.05 (1H, t,
J 5 8.0 Hz, 29-H), 4.17 (1H, t, J5 8.9 Hz, 39-H), 4.28 (1H,
t, J 5 9.1 Hz, 49-H), 3.73 (1H, m, 59-H), 4.46 (1H, dd, J5
11.8, 4.8 Hz, 69-Ha), 4.38 (1H, dd, J5 11.8, 2.1 Hz, 69-Hb);
13C NMR see Table 1.

2.2.3. Acetylation of compound2
To a solution of2 (6.3 mg) in pyridine (0.2 ml) was

added Ac2O (0.2 ml) and the reaction mixture was left
standing overnight at room temperature. After usual work-
up, the resulting residue was purified by column chroma-
tography over silica gel withn-hexane/ethyl acetate (3:2) as
eluent to give the pentacetate (2a) of compound2 (9.3 mg)
as a colorless crystal. [a]D

24 5 239.33° (c5 1.51, CHCl3);
IR(KBr) v: 3508, 2864, 1742, 1457, 1375, 1239, 1210,
1046, 976 cm21; EI-MS m/z(relative intensities): 802 (M1,
0.1), 784 (M1-H2O, 3.5), 742 (M1-H2O-COCH31H, 44),
724 (M1-H2O-HOAc, 19.8), 453 (M1-H2O-331, 1.5), 436
(19.2), 411 (M1-H2O-COCH3-glc(OAc)4, 8), 394 (64.8),
376 (86.5), 331 (glc(OAc)4

1, 82), 271 (11.5), 251 (55.5),
229 (8.8), 211 (20), 169 (100), 109 (78.5), 69 (90.8); neg-
ative FABMSm/z: 801 (M-1)2, 783 [(M-1)2-H2O, 5], 758
[(M-1)2-COCH3, 8]; 429 [(M-1)2-glc(OAc)4-COCH31H,
7]; 1H NMR (400 MHz, CDCl3) d: 5.22–5.27 (3H, m, 7-H,
22-H, and 23-H), 4.83–5.18 (4H, m, 29-H, 39-H, 49-H, and
59-H), 4.58 (1H, d, J5 6.4 Hz, 19-H), 4.26 (1H, dd, J5 9.8
and 3.9 Hz, 69-H), 4.12 (1H, dd, J5 9.8 and 2.0 Hz, 69-H),
4.09 (1H, d, J5 5.4 Hz, 6-H), 3.98 (1H, m, 3-H), 0.58 (3H,
s, 18-H3), 1.03 (3H, s, 19-H3), 0.99 (3H, d, J5 5.4 Hz,
21-H3), 0.91 (3H, d, J5 5.4 Hz, 26-H3), 0.85 (3H, d, J5
6.8 Hz, 27-H3), 0.82 (3H, d, J5 6.4 Hz, 28-H3), 1.99, 2.02,
2.07 (each 3H, s, 33 COCH3), 2.03 (6H, s, 23 COCH3);
13C NMR see Table 1.

2.2.4. Acid hydrolysis of compound2
A solution of 2 (6.2 mg) in MeOH (3 ml) was treated

with 0.1 mol/l H2SO4 (1 ml) at 60°C for 50 min, 2 ml of
H2O was added and the whole was concentrated to 3 ml and
then extracted with EtOAc. The organic phase was evapo-
rated in vacuo to give a residue which was purified by silica
gel column chromatography with CHCl3/MeOH (19:1-9:1)
to afford an aglycone identified as (22E, 24R)-ergosta-7,

22-dien-3b, 5a, 6b-triol (1) by EIMS, 1H NMR (in pyri-
dine-d5), and TLC comparison with authentic sample. The
aqueous layer was neutralized with saturated Ba(OH)2. The
precipitate was filtered off and the filtrate was evaporated to
a syrup which was then chromatographed on silica gel using
CHCl3/MeOH/H2O (6:4:0.5) to give methyl-b-D-glucopy-
ranoside which was identified by EIMSm/z194 (M1), and
TLC comparison with authentic sample.

2.2.5. 5a, 8a-Epidioxy-(22E, 24R)-ergosta-6, 22-dien-3b-ol
(3)

Colorless crystals, m.p. 182–184°C (n-hexane); [a]D
23 5

234° (c5 0.6, CHCl3); IR (KBr) v: 3525, 3309, 2957, 2873,
1653, 1459, 1377, 1046, 1029, 985, 970, 858 cm21; EI-MS (70
eV) m/z(relative intensities): 428 (M1, 5), 410 (4), 396 (100),
363 (35), 271 (7), 251 (14), 152 (30), 107 (22), 81 (43), 69
(63); 13C NMR (100 MHz, CDCl3) d 34.7 (C-1), 30.2 (C-2),
66.5 (C-3), 37.0 (C-4), 82.1 (C-5), 135.4 (C-6), 130.8 (C-7),
79.4 (C-8), 51.2 (C-9), 37.0 (C-10), 23.4 (C-11), 39.4 (C-12),
44.6 (C-13), 51.7 (C-14), 20.6 (C-15), 28.6 (C-16), 56.3 (C-
17), 12.9 (C-18), 18.2 (C-19), 39.7 (C-20), 20.9 (C-21), 135.2
(C-22), 132.4 (C-23), 42.8 (C-24), 33.1 (C-25), 19.9 (C-26),
19.6 (C-27), 17.6 (C-28);1H NMR (400 MHz, CDCl3) d 3.94
(1H, m, H-3), 6.22 (1H, d, J5 8.5 Hz, H-6), 6.48 (1H, d, J5
8.5 Hz, H-7), 0.86 (3H, s, H3-18), 1.06 (3H, s, H3-19), 0.97
(3H, d, J5 6.6 Hz, H3-21), 5.11 (1H, dd, J5 15.3, 8.0 Hz,
H-22), 5.19 (1H, dd, J5 15.1, 7.5 Hz, H-23), 0.83 (3H, d, J5
5.0 Hz, H3-26), 0.82 (3H, d, J5 5.0 Hz, H3-27), 0.89 (3H, d,
J 5 5.3 Hz, H3-28).

2.2.6. Brassicasterol5 (22E, 24R)-Ergosta-5, 22-dien-
3b-ol (4)

Colorless needles, m.p. 154–156°C (EtOAc); [a]D
24.5 5

265.7° (c 5 0.37, CHCl3); EI-MS (70 eV) m/z (relative
intensities): 398 (M1, 100), 383 (M1-Me, 13), 380 (M1-
H2O, 10), 365 (M1-H2O-Me, 9.5), 337 (M-C3H9O, 18), 300
(61), 271 (M1-C9H17-2H, 57.5), 255 (M1-C9H17-H2O,
73.5), 159 (45), 125 (C9H17

1, 30), 105 (50), 91 (54), 81
(70), 69 (96), 55 (100); IR (KBr)v: 3427, 2948, 2862, 1665,
1458, 1382, 1048, 968 cm21; 13C NMR (100 MHz, CDCl3):
37.54 (1-C), 31.95 (2-C), 72.04 (3-C), 42.58 (4-C), 141.0
(5-C), 121.9 (6-C), 32.16 (7-C), 33.34 (8-C), 50.51 (9-C),
36.78 (10-C), 21.32 (11-C), 39.96 (12-C), 42.58 (13-C),
57.12 (14-C), 24.51 (15-C), 28.68 (16-C), 56.36 (17-C),
12.30 (18-C), 20.12 (19-C), 40.26 (20-C), 21.18 (21-C),
136.1 (22-C), 132.0 (23-C), 43.06 (24-C), 33.34 (25-C),
19.84 (26-C), 19.58 (27-C), 17.80 (28-C);1H NMR (400
MHz, CDCl3): 3.53 (1H, m, 3-H), 5.35 (1H, d, J5 5.2 Hz,
6-H), 0.69 (3H, s, 18-H3), 0.83 (3H, s, 19-H3), 1.00 (3H, d,
J 5 6.5 Hz, 21-H3), 5.17–5.20 (2H, m, 22-H and 23-H),
0.84 (3H, d, J5 6.5 Hz, 26-H3), 0.91 (3H, d, J5 6.8 Hz,
27-H3), 1.01 (3H, d, J5 6.5 Hz, 28-H3).

2.2.7. (22E, 24R)-Ergosta-4, 6, 8(14), 22-tetraen-3-one (5)
Yellow crystals, m.p. 112–114°C; IR (KBr)v: 2982,

1675 (C5O), 1590 (C5C), 1270, 1223, 965 cm21; EI-MS
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(70 eV) m/z (relative intensities): 392 (M1, 19.5), 377
(M1-Me, 1.5) 349 (1.5), 268 (42), 253 (6), 240 (3.5), 214
(7.5), 173 (7), 129 (6);13C NMR (100 MHz, CDCl3) d:
34.09 (C-1), 18.95 (C-2), 199.2 (C-3), 122.9 (C-4), 164.3
(C-5), 124.4 (C-6), 133.9 (C-7), 124.4 (C-8), 44.28 (C-9),
36.71 (C-10), 25.33 (C-11), 34.09 (C-12), 43.95 (C-13),
156.04) (C-14), 35.55 (C-15), 27.69 (C-16), 55.66 (C-17),
18.95 (C-18), 16.62 (C-19), 39.25 (C-20), 21.19 (C-21),
134.9 (C-22), 132.5 (C-23), 42.83 (C-24), 33.05 (C-25),
19.63 (C-26), 19.96 (C-27), 17.61 (C-28);1H NMR (400
MHz, CDCl3) d: 0.79;0.83 (23 3H, dd, J5 6.7 Hz, 26-H3

and 27-H3), 0.9 (3H, d, J5 6.9 Hz, 28-H3), 0.93 (3H, s,
18-H3), 0.97 (3H, s, 19-H3), 1.03 (3H, d, J5 6.6 Hz,
21-H3), 1.23–2.51 (18H, m, steroid necleus), 5.14–5.26
(2H, m, 22- and 23-H), 5.70 (1H, s, 4-H), 6.00 (1H, d, J5
9.5 Hz, 6-H), 6.57 (1H, d, J5 9.5 Hz, 7-H).

3. Results and discussion

Compound1, C28H46O3, showed the presence of two
tertiary methyls, four secondary methyls, two methine pro-
tons attached to two oxygen bearing carbons and three
protons attached to two double bonds in the1H NMR
spectrum. Its13C NMR spectrum contained 28 peaks (Table
1). In the mass spectrum of1, fragment ion peaks were very
similar to those of an ergesterol derivative [2,3]. These facts
indicated that compound1 was (22E, 24R)-ergosta-7, 22-
dien-3b, 5a, 6b-triol, confirmed by direct comparison with
literature data [2–5].

Compound2, obtained as an amorphous powder, gave a
quasi-molecular ion peak atm/z591[M-1]2 in the negative
fast-atom bombardment mass spectrometry (FAB-MS). The
high-resolution electron impact mass spectra (HREIMS) of
1 indicated a molecular formula C34H56O8 which was de-
rived from the molecular ion peak atm/z 592.3895 (calc.,
592.3975) and confirmed by the13C-NMR spectrum. In the
IR spectrum, it showed strong absorption of hydroxyl
groups at 3400, 1075, and 1037 cm21. The1H-NMR spec-
trum of2 showed the presence of two tertiary methyl groups
[d 0.65 (3H, s, H-18), 1.41 (3H, s, H-19)], a 24-methyl-
D22-sterol side chain [d 0.84 (3H, d, H-26), 0.85 (3H, d,
H-27), 1.04 (3H, d, H-28), 0.94 (3H, d, H-21), 5.18 (1H,
H-22), 5.22 (1H, H-23)], two oxygenated methine protons
[d 4.39 (1H, H-6), 4.91 (1H, H-3)], a trisubstituted olefinic
proton [d 5.73 (1H, H-7)] and a glycoside moiety. The13C
NMR (DEPT) spectrum (Table 1) of2 contained thirty four
signals (C3 4, CH3 16, CH2 3 8, CH3 3 6) that included
a glucose moiety [d 62.87 (CH2), 71.77 (CH), 75.36 (CH),
78.13 (CH), 78.62 (CH) and 102.7 (C)]. The remaining
signals were very similar to those of compound1 except the
signals atd 30.1 (CH2), 75.6 (CH) and 38.1 (CH2). In
addition, from the heteronuclear multiple bond coherence
(HMBC) spectrum, the long-range coupling was observed
between H-19 [d 4.96 (1H, d)] and C-3 [d 75.60 (CH)]. This
suggested that a glucose was attached to the C-3 position of

aglycone, and the13C NMR differences between a down-
field shift of the signal atd 75.6 (C-3, 18.0 ppm) and
upfield shifts of signals atd 30.10 (C-2,23.7 ppm) and
38.09 (C-4,23.9 ppm) from those of aglycone2 were
explained by glycosylation shifts on C-3 [6,7]. The electron
impact mass spectrum (EIMS) displayed the characteristic
fragment ions at m/z 287 (M1-H2O-glucose-C9H17), 269
(M-2H2O-glucose-C9H17), and 251 (M-3H2O-glucose-
C9H17), indicating the presence of a C9H17 side chain con-
taining a double bond, a glucose, and hydroxyl groups
located at sterol nucleus in2. The correlation betweend
4.39 (1H, H-6) andd 5.73 (1H, H-7) in 1H-1H COSY
spectrum of2 indicated that the olefinic proton is located
next to a hydroxyl, the latter being adjacent to a quaternary
carbon. The multiplet centered around 4.93 ppm had a
complexity normally seen for a 3a-carbinol proton, and
unusually high chemical shift suggested the additional ter-
tiary alcohol was located at C-5 [2]. These data were sug-
gestive of a D7-3,5,6-triol structure or, alternatively, a
D9(11)-3,5,12-triol structure. It was identified asD7-
3b,5a,6b-trihydroxysterol on the basis of the H-3, H-4,
H-6, H-7, H-18 and H-19 chemical shift value which are
typical of this nucleus, in addition, the signals of H-3a,
Hax-4 and H-19 showed the typical pyridine-d5-induced
deshielding due to the 1,3-diaxial interaction with C-5 and
C-6 hydroxyl groups [4,8]. By examination of HMBC spec-
trum of 2 the correlation between H-7 and C-5, C-9, C-14
also permits rigorous exclusion of an alternative structure.
The stereochemistry of the side chain was determined by
comparison of the1H and13C NMR data of2 with those of
(22E, 24R)-methyl-D22-sterol side chain [8,9]. The presence
of glucose and (22E, 24R)-ergosta-7, 22-dien-3b, 5a, 6b-
triol was further confirmed by TLC of the acid hydrolysis
products of 2. In the 1H NMR spectrum, the coupling
constant (d, J5 7.6 Hz, H-19) of the anomeric proton atd
4.96 suggested the glucose to be ab-anomer. Six distinct
13C NMR signals atd 62.87 (CH2), 71.77 (CH), 75.36 (CH),
78.13 (CH), 78.62 (CH), and 102.7 (quaternary carbon)
were assigned to glucose, also indicating that the sugar
moiety in 1 was in theb-configuration and pyranose form
[6,7]. Comparison of the13C NMR signals attributed to the
glucosyl moiety of1 with published data for model com-
pound [6] confirmed the identity ofb-D-glucose.

Compound2 on acetylation with Ac2O/pyridine gave a
pentacetyl derivative (2a) that showed a molecular ion peak
at m/z 801(M-1)2 in its negative-ion FABMS, consistent
with the composition C44H66O13 for 2a. The EIMS of2a
also gave the diagnostic fragments of the sugar moiety at
m/z331, 271, 229, 211, 169 (base peak), and 109, due to an
acetylated glucopyranoside. The presence of fragment ion
peaks atm/z 784 (M1-H2O), 742 (M1-COCH31H-H2O),
453 (M1-331-H2O), and 411 (M1-331-H2O-COCH3). The
1H NMR spectrum of2a showed five acetyl groups reso-
nating atd 2.07 (3H, s), 2.03 (23 3H, s), 2.02 (3H, s), and
1.99 (3H, s) ppm, suggesting one 5a-hydroxy group of six
hydroxy groups was unacetylated, due to steric hindrance
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effect for tertiary hydroxyl. In addition, it displayed absorp-
tion in the IR spectrum at 3500 and 1740 cm21, also indi-
cating the presence of acetyl and hydroxyl groups.

From all of those evidence mentioned above, the struc-
ture of 2 was therefore deduced to be 3-O-b-D-glucopyr-
anosyl-(22E, 24R)-ergosta-7, 22-dien-5a, 6b-diol (2) as
shown in Fig. 1.

Based upon spectroscopic (MS, IR,1H- and13C-NMR)
and physical data comparison with literature, the structures
of other known compounds were characterized as 5a, 8a-
epidioxy-(22E, 24R)-ergosta-6, 22-dien-3b-ol (3) [3,10],
(22E, 24R)-ergosta-5, 22-dien-3b-ol (4) [11], and (22E,
24R)-ergosta-4, 6, 8(14), 22-tetraen-3-one (5) [13,14], re-
spectively.

The higher fungi, mainly including both Basidiomycetes
and Ascomycetes, produce many ergosterol analogues, but
the presence of the glucoside (2) of a polyhydroxylated
ergosterol derivative is firstly reported from a natural source
to the best of our knowledge.

These known ergostane-type compounds were previ-
ously obtained from marine organisms [2,4,10,12,13] and
macro-fungi [3,5,8,11,14]. Biogenetically,D5-, D6- andD7-
ergosteroids seem quite obviously to originate fromD5,7-
ergosterol distributed widely in both fungi and marine or-
ganisms [2,4]. The co-occurrence of steroids (1–5), of
which brassicasterol was the major composition in the As-
comycetesT. indicumsuggested that they could also derive
from ergosterol. Recently,D5-brassicasterol and ergosterol
as prominent components have been isolated from the black
truffle, T. melanosporum[11], which was likely to helpful
for throwing light on the biogenetic pathways involved in
the formation of these steroids. In general, the occurrence of
structurally closely related ergostane derivatives in taxo-
nomically remote species is interesting and may indicate the
connection with a common producer, probably symbiotic

microorganisms. The above fact suggests that a close cor-
relation between terrestrial fungi and marine organisms ap-
pears to exist, which is of evolutionistic significance.

What is more, it is worthwhile to note that this fungus
possesses the enzyme system to convertD5,7-ergosterol into
the glucoside of ergosterol-7,22-dien-3b, 5a, 6b-triol (cer-
evisterol).

In addition, the biological functions of these sterols and
ergosterol glycoside inT. indicum remain unknown, they
presumably serve as structural constituents of cellular bi-
omembranes and possibly also as precursors of steroid hor-
mones, on the other hand, and as deterrents or phytoalexins.
Further investigation will be expected in depth.
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