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Sterol Constituents from the Fruit Bodies of Grifola frondosa (FRr.)
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Four new sterols, 5a,6a-epoxy-(22E,24R)-ergosta-8(14),22-diene-34,7 f-diol (1), (22E,24R)-ergosta-8,22-diene-
3B,5,6B,7a-tetrol (2), (22E,24R)-ergosta-7,9(11),22-triene-3p,5a,6 -triol (3) and 38,54,6f-trihydroxy-(22E,24R)-
ergost-22-en-7-one (4), have been isolated from the fruit bodies of Grifola frondosa (Fr.) S. F. GRAY (Polyporaceae)
together with fourteen known ones (5—18), of which two (5 and 6) are reported for the first time from a natural
source. The structures of these compounds were elucidated on the basis of spectral data.
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The fruit bodies of Grifola (G.) frondosa (FRr.) S. F. GRAY
(Maitake in Japanese, Polyporaceae), an edible mush-
room, contain ergosterol,” fungisterol," 4a-methyl-8,
24(28)-ergostadienol,” lanosterol,” lanost-8-en-3p-ol,"
triacylglycerols,? cerebrosides,® lectin® and an antitumor-
active glucan.” In a continuation of our investigation of
the sterol constituents in this edible mushroom, we describe
herein the isolation and structural elucidation of four new
sterols, Su,6a-epoxy-(22F,24 R)-ergosta-8(14),22-diene-
38,76-diol (1), (22E,24 R)-ergosta-8,22-diene-3f,5x,68,7c-
tetrol (2), (22E,24R)-ergosta-7,9(11),22-triene-34,50,6p-
triol (3) and 3,5a,6-trihydroxy-(22 E,24 R)-ergost-22-en-
7-one (4), as well as fourteen known ones, 3f5-hydroxy-
(22E,24 R)-ergosta-5,8,22-trien-7-one (5), 3f,5¢-dihydroxy-
(22E,24R)-ergosta-7,22-dien-6-one (6), Sa,60-epoxy-
(22E,24 R)-ergosta-8(14),22-diene-38,7a-diol (7),° (22E,
24R)-ergosta-8(14),22-diene-33,50,6 8, 7a-tetrol (8),” Sa,60-
epoxy-(22E,24R)-ergosta-8,22-diene-3,7a-diol (9),*
(22E,24R)-ergosta-7,9(11),22-triene-3,50,6a-triol  (10),®
3p-hydroxy-(22E,24R)-ergosta-5,22-dien-7-one (11),%
3B,5a,9a-trihydroxy-(22E,24 R)-ergosta-7,22-dien-6-one
(12),19 (22,24 R)-ergosta-7,22-diene-3,5a,6a-triol (13),®)
(22E,24R)-ergosta-7,22-diene-38,5a,6 f-triol (14),'"
(22E,24R)-ergosta-7,22-diene-3p,5¢,6 8,9a-tetrol (15),'%
Sa,8a-epidioxy-(24S)-ergost-6-en-3B-ol (16),'* 5a,80-
epidioxy-(22E,24R)-ergosta-6,22-dien-38-ol (17)'* and
5a,8a-epidioxy-(22E,24 R)-ergosta-6,9(11),22-trien-3 -ol
(18)'¥ from the fruit bodies of G. frondosa. This paper
presents a full account of the isolation and structure
elucidation of these constituents.'™

The fresh fruit bodies of G. frondosa were extracted
with Et,0. The Et,O extract was subjected to silica gel
column chromatography and preparative HPLC to furnish
eighteen sterols (1—18). This is the first time that
compounds 5 and 6 have been isolated from a natural
source and that compounds 7—18 have been isolated from
the fruit bodies of G. frondosa.

Compound 1 was isolated as an amorphous powder,
[«]p —52.4°. The molecular formula was determined to
be C,3H,,0; by high-resolution (HR)-MS. The IR
spectrum showed a hydroxyl absorption (3611 cm ™). The
'H-NMR spectrum (Table 1) showed signals due to two
tertiary methyl groups [dy 0.90 (3H, H;-18), 1.02 (3H,
H,-19)], a 24-methyl-A%*-sterol side chain [y 0.82 (3H,
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Table 1. 'H-NMR Chemical Shifts of Compounds 1—6 (600 MHz, CDCl;)
Proton 1 2 3 4 59 6"
3 3.89 m 416 m 412 m 410 m 3.67m 4.04 m
4 B2.03dd B 2.07 dd p222dd
(12.7, 11.1) (12.8, 11.4) (12.7, 12.0)
6 3.00d 3.75 brs 3.82 brs 3.51s 6.04 d
(2.5) (1.5)
7 4.52 brs 3.96 brs 5.45 brd 5.66 brs
(5.6)
8 2.93 dd
(11.2, 11.1)
11 5.75 brd (6.3)
18 0.90 s 0.66 s 0.60 s 0.70 s 0.65 s 0.61s
19 1.02s 1.30 s 1.28 s 137 s 1.35s 0.96 s
21 1.02d 1.04 d 1.02d 1.01d 1.05d 1.04d
6.6) 6.8) (6.6) (6.6) (7.0) (6.6)
22 520 m 5.16 dd 5.16 dd 519 m 5.19 dd 5.15dd
(15.2, 7.8) (15.2, 7.8) (154, 6.2) (15.2, 7.6)
23 520 m 5.24 dd 5.26 dd 519 m 5.24 dd 5.25 dd
(15.2,5.9) (152, 7.1) (15.4, 7.0) (152, 7.1)
26 0.82d 0.82d 0.83 d 0.82d 083d 0.82d
(6.8) (6.6) (6.8) (6.8) (6.2) (6.8)
27 084d 0.84d 0.84d 0.83d 0.84d 0.84 d
6.8) (6.8) (6.6) 6.8) (6.6) (6.8)
28 092d 0.92d 092d 091d 0.92d 0.92d
(6.9) (6.8) 6.8) 6.9) (7.0) (6.8)

Coupling constants (J in Hz) are given in parentheses. a) Measured at 400 MHz. ) Measured at 270 MHz.

H;-26), 0.84 (3H, H;-27), 0.92 (3H, H;-28), 1.02 (3H,
H,-21), 520 (2H, H-22 and H-23)], a trisubstituted
epoxide bearing a methine proton [dy 3.00 (1H, H-6)] and
two methine protons on carbons bearing a hydroxyl group
[ou 3.89 (1H, H-3), 4.52 (1H, H-7)]. The 3C-NMR
spectrum contained twenty-eight signals that included a
fully substituted double bond [d. 126.8 (C-8), 151.6
(C-14)]. Comparison of these data with the spectral data
for compound 7 revealed that they were identical except
at C-7. In the 'H-NMR spectrum, the chemical shift of
the H;-19 methyl group in pyridine-ds was shifted
downfield by the pyridine-induced deshielding effect!®
(Oc,psn—9cperys 40, H3-19, +0.26 ppm). As the hydroxyl
group forms a hydrogen bond with the nitrogen atom of
pyridine, pyridine-induced shifts are expected to be
observed around it.'®® This deshielding effect implies that
the B-ring of 1 adopts a boat-type conformation and that
the hydroxyl group at C-7 has f-configuration (Chart 2).
The stereochemistry of the side chain was determined by
comparison of the 'H- and '3C-NMR data of 1 with those
of the (22E,24 R)-methyl-4??-sterol side chain.!” Thus, 1
was the 7-epimer of 7. Based on this evidence, the structure
of 1 was determined to be 5a,6a-epoxy-(22FE,24 R)-ergosta-
8(14),22-diene-3f,78-diol. The natural occurrence of
3B,7p-dihydroxy-5a,6a-epoxy-A4 81 4).sterols is extremely
rare, and only one such sterol, viz., ergokonin B (19), has
so far been reported, in the mycelium of Trichoderma
koningii.*® Compound 1 may be a biosynthetic precursor
of 19.

Compound 2 was isolated as an amorphous powder,
[a]p +50.0°. The molecular formula was determined to
be C,sH,604 by HR-MS [m/z 428 (M* —H,0)] and
3C-NMR data. The IR spectrum showed hydroxyl
absorptions (3612, 3398 cm™1!). The *H-NMR spectrum
(Table 1) showed signals due to two tertiary methyl groups

[64 0.66 (3H, H;-18), 1.30 (3H, H;-19)], a 24-methyl-422-
sterol side chain [y 0.82 (3H, H;-26), 0.84 (3H, H;-27),
0.92 (3H, H;-28), 1.04 (3H, H;-21), 5.16 (1H, H-22), 5.24
(1H, H-23)], one of the methylene protons [y 2.03 (1H,
H-4)] and three methine protons on hydroxyl-bearing
carbons [d4 3.75 (1H, H-6), 3.96 (1H, H-7), 4.16 (1H,
H-3)]. The '*C-NMR spectrum contained twenty-eight
signals that included four oxygenated carbons [d. 67.0
(C-3), 72.7 (C-7), 753 (C-5), 79.3 (C-6)] and a fully
substituted double bond [ 127.8 (C-8), 137.6 (C-9)]. The
electron ionization (EI)-MS gave fragment ion peaks at
m/z 374 M+ —4H,0), 249 M+ —4H,0 —side chain) and
207 (M* —4H,0 and ring D fission), indicating that 2 has
four hydroxyl groups and a mono-unsaturated C, side
chain. Comparison of the *H- and '*C-NMR data of 2
with those of 8 revealed that 2 is the 4% isomer of 8. The
calculated chemical shifts'® of the H;-18 and H,-19
methyl groups of the 38,5x,68,7a-tetrahydroxy-4 8-steroid
are very close to those found in 2. In the 'H-NMR
spectrum of 2, the chemical shifts of H-3a, H-4f and the
H;-19 methyl group in pyridine-ds were shifted downfield
by the pyridine-induced deshielding effect,'® indicating
the presence of a 3f,5¢,6f-trihydroxyl grouping in the
sterol skeleton (Chart 2). The configuration of the hydroxyl
group at C-7 was determined to be a by comparing the
'H-NMR data of the C-7 methine proton of 2 with that
of 3B,5¢,6pB,7a-tetrahydroxycholest-8-en-11-one.2® The
stereochemistry of the side chain was determined by
comparison of the 'H- and **C-NMR data of 2 with those
of 1. From the above data, the structure of 2 was de-
termined to be (22E,24R)-ergosta-8,22-diene-38,50,6B,7a-
tetrol. The natural occurrence of 38,5¢,68,7«-tetra-
hydroxy-A428-sterols is also rare, and only one such sterol,
viz., (245)-24-ethylcholest-8-ene-3B,5x,68,7a-tetrol, has
so far been reported, in the marine sponge Neofibularia
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Chart 2. Pyridine-Induced Deshieldings (——) in 1—4
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Compound 3 was isolated as an amorphous powder,
[o]p —3.7°. The molecular formula was determined to be
C,3H,,0; by HR-MS. The IR spectrum showed hydroxyl
absorptions (3612, 3414cm™!). The UV spectrum sug-
gested the presence of a conjugated diene system (4,,,,=
244nm). The 'H-NMR spectrum (Table 1) showed signals
due to two tertiary methyl groups [dy4 0.60 (3H, H;-18),
1.28 (3H, H;-19)], a 24-methyl-4?2-sterol side chain [y
0.83 (3H, H,-26), 0.84 (3H, H;-27), 0.92 (3H, H,-28), 1.02
(3H, H;-21), 5.16 (1H, H-22), 5.26 (1H, H-23)], one of
the methylene protons [dy 2.07 (1H, H-4)], two methine
protons on hydroxy-bearing carbons [, 3.82 (1H, H-6),
4.12 (1H, H-3)] and two olefinic protons [dy 5.45 (1H,
H-7), 5.75 (1H, H-11)]. The EI-MS gave fragment ion
peaks at m/z 374 (M* —3H,0), 249 (M* —3H,0 —side
chain) and 207 (M —3H,0 —ring D fission), indicating
that 3 has three hydroxyl groups, one conjugated double
bond and a mono-unsaturated C, side chain. Comparison
of these data with those for compound 10 revealed that
they were identical except at C-6. The 3,5¢,6-trihydroxy
system was determined by the pyridine-induced deshield-
ing effect (Chart 2).!® The stereochemistry of the side
chain was determined by comparison of the 'H- and
I3C-NMR signals of 3 with those of 1 and 2. Thus, 3 is

the 6-epimer of 10. From the above data, the structure of

3 was determined to be (22F,24R)-ergosta-7,9(11),22-
triene-38,5a,6-triol.

Compound 4 was isolated as an amorphous powder,
[¢]p —54.1°. The molecular formula was determined to
be C,4H,s0, by HR-MS. The IR spectrum showed
hydroxyl absorptions (3614, 3410cm ™ ') and a six-mem-
bered ring ketone (1708 cm™!). The 'H-NMR spectrum
(Table 1) showed signals due to two tertiary methyl groups
[640.70 (3H, H,-18), 1.37 (3H, H;-19)], a 24-methyl-422-
stero! side chain [dy4 0.82 (3H, H;-26), 0.83 (3H, H;-27),
0.91 (3H, H;-28), 1.01 (3H, H;-21), 5.19 (2H, H-22 and
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H-23)], one of the methylene protons [dy 2.22 (1H, H-4)],
a methine proton [dy 2.93 (1H, H-8)] and two methine
protons on hydroxyl-bearing carbons [ 3.51 (1H, H-
6), 4.10 (1H, H-3)]. The presence of the 7-keto function
led to the appearance of the H-8f signal further down-
field at 6 2.93 in the 'H-NMR spectrum.?? The EI-MS
gave fragment ion peaks at m/z 392 (M* —3H,0), 267
(M* —3H,0 —side chain) and 225 (M* —3H,0 and ring
D fission), indicating that 4 has three hydroxyl groups
and a mono-unsaturated Cy side chain. The 3f,5¢,60-
trihydroxy system was determined by the pyridine-induced
deshielding effect (Chart 2).'® The stereochemistry of the
side chain was determined by comparison of the ‘H-NMR
spectrum of 4 with that of (22E,24R)-methyl-A4%2-sterol
side chain!” and 1, 2 and 3. Based on this evidence,
the structure of 4 was determined to be 3f,54,60-
trihydroxy-(22E,24 R)-ergost-22-en-7-one. Compounds 3
and 4 are the first examples of a naturally occurring
3B,5a,6B-trihydroxy-4 71 Ysterol and a 3p,5x,6f-trihy-
droxy-7-keto sterol, respectively.

Compound 5 was isolated as an amorphous powder,
[o«]p —28.3°. The molecular formula was determined to
be C,gH,,0, by HR-MS. The IR spectrum showed
hydroxyl (3457 cm ~ *) and cross-conjugated dienone (1662,
1626, 1593c¢m ™) absorptions. The UV spectrum also
suggested the presence of a cross-conjugated dienone
system (4,,,=246nm).?* The 'H- (Table 1) and '*C-
NMR spectra of 5, obtained with the aid of 'H-'H shift
correlation spectroscopy (*H-*H COSY), as well as the
'H-detected heteronuclear multiple quantum coherence
(HMQC) and 'H-detected heteronuclear multiple bond
correlation (HMBC) spectra, indicated the compound
to be 3p-hydroxy-(22E,24R)-ergosta-5,8,22-trien-7-one.
Compound 5 has been synthesized by Burke et al.,?¥
but its isolation from natural sources has not previ-
ously been reported.

Compound 6 was isolated as an amorphous solid, [«];
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+9.1°. The molecular formula was determined to be
C,4H,,0, by HR-MS. The IR spectrum showed hydroxyl
(3457c¢cm™') and «,B-unsaturated ketone (1667cm 1)
absorptions. The UV spectrum also suggested the presence
of o, f-unsaturated ketone (4,,,, =244 nm). The "H-NMR
spectrum (Table 1) showed signals due to two tertiary
methyl groups [y 0.61 (3H, H;-18), 0.96 (3H, H;-19)],
a 24-methyl-42%2-sterol side chain [dy 0.82 (3H, H;-26),
0.84 (3H, H;-27), 0.92 (3H, H;-28), 1.04 (3H, H;-21), 5.15
(1H, H-22), 5.25 (1H, H-23)], a methine proton on a
hydroxyl-bearing carbon [Jy 4.04 (1H, H-3)] and a
trisubstituted olefinic proton [y 5.66 (1H, H-7)]. These
spectral data indicated the compound to be 3p,5¢-
dihydroxy-(22E,24 R)-ergosta-7,22-dien-6-one. The struc-
ture of 6 was confirmed by chemical transformation of
ergosterol acetate into 6 according to a literature
method.?" Treatment of ergosterol acetate with Na,Cr,0,
afforded 3p-acetoxy-Sa-hydroxy-(22E,24R)-ergosta-7,22-
dien-6-one (6’). Deprotection of the 3-acetoxyl group of
6’ furnished 6. This is the first isolation of 6 from a natural
source, although 6 has already been synthesized by
Valisolalao et al.'?%

Experimental

General Procedures  Optical rotations were determined with a JASCO
DIP-360 digital polarimeter. IR spectra were recorded with a Perkin-
Elmer FT-IR 1725X infrared spectrophotometer and UV spectra with
a Beckman DU-64 spectrophotometer. 'H- and *3C-NMR spectra were
recorded with JEOL LA 600 (600 and 150 MHz, respectively), JEOL
JNM-GSX 400 (400 and 100 MHz, respectively), and JEOL JNM-EX
270 (270 and 67.8 MHz, respectively) spectrometers. Chemical shifts are
given on a é (ppm) scale with tetramethylsilane as an internal standard
(s, singlet; br s, broad singlet; d, doublet; br d, broad doublet; dd, double
doublet; m, multiplet). The EI-MS and HR-MS were recorded on a
JEOL JMS-DX 303 mass spectrometer. Column chromatography was
carried out on Kieselgel 60 (Merck; 230-—400 mesh). Preparative HPLC
was carried out on a Tosoh HPLC system (pump, CCPS; detector,
RI-8020) using a TSK gel ODS-120T (10pm, 7.8mm i.d.x30cm)
column (Tosoh). HPLC conditions: mobile phase, MeOH--H,0 (9:1);
column temperature, 40 °C; flow rate, 1.0 ml/min.

Extraction and Isolation The fresh fruit bodies of G. frondosa used
for this study were purchased from Mogamimachi Maitake Seisan
Kumiai (Yamagata, Japan) in 1996. The fresh fruit bodies of G. frondosa
(20kg) were extracted three times with Et,O at room tempertaure for
10d. The Et,O extract (21 g) was chromatographed on a silica-gel column
using n-hexane-AcOEt (7:3—1:7), AcOEt and MeOH, to afford 9
fractions (frs. 1-—9). Fraction 2 was purified by preparative HPLC to
give 16 (0.5mg), 17 (20.0mg) and 18 (2.0mg). Fraction 3 was purified
by preparative HPLC to give 11 (0.4mg). Fraction 4 was purified by
preparative HPLC to give 5 (1.1 mg). Fraction 5 was purified by
preparative HPLC to give 1 (1.9 mg) and 9 (15.0 mg). Fraction 6 was 7
(1.4mg). Fraction 7 was purified by preparative HPLC to give 3 (2.7 mg),
4 (1.9mg), 10 (1.5mg) and 13 (1.0mg). Fraction 8§ was purified by
preparative HPLC to give 6 (1.1 mg), 12 (4.3mg), 14 (8.2mg) and 15
(4.7mg). Fraction 9 was purified by preparative HPLC to give 2 (1.0 mg)
and 8 (2.4mg). All known compounds (7—18) were identified by
comparison of their physical data with reported values (7—10, 12-—18)
or by direct comparison with an authentic sample (11).

5a,6a-Epoxy-(22E,24R)-ergosta-8(14),22-diene-3p,7p-diol (1) Amor-
phous powder. [a]® —52.4° (¢=0.2, CHCl;). IR v§€s cm~1: 3611.
HR-MS m/z: 428.3276 (M *, Calcd for C,4H,,05; 428.3291). 'H-NMR
(600 MHz, CDCL,): see Table 1. (600 MHz, C;D;N) &: 0.85 (6H, d,
J=6.8Hz, H;-26, H;-27), 0.94 (3H, d, J=6.9Hz, H;-28), 0.96 (3H, s,
H;-18), 1.07 (3H, d, J=6.6 Hz, H;-21), 1.28 (3H, s, H;-19), 2.55 (1H,
dd, /=132, 11.7Hz, H-4p), 3.37 (1H, d, J=2.5Hz, H-6p), 4.31 (1H,
m, H-3a), 4.88 (1H, brd, /=6.6Hz, H-7a), 5.27 (2H, m, H-22, H-23).
BC-NMR (150 MHz, CDCl3) é: 16.9 (C-19), 17.7 (C-18, C-28), 19.3
(C-11), 19.7 (C-26), 20.0 (C-27), 21.1 (C-21), 25.9 (C-15), 28.0 (C-16),
31.2 (C-2), 33.0 (C-1), 33.1 (C-25), 34.9 (C-10), 37.1 (C-12), 39.3 (C-9),
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39.6 (C-4), 40.5 (C-20), 42.9 (C-24), 43.7 (C-13), 55.4 (C-17), 60.3 (C-6),
63.6 (C-7), 64.9 (C-5), 68.7 (C-3), 126.8 (C-8), 132.4 (C-23), 135.2(C-22),
151.6 (C-14).

(22E,24R)-Ergosta-8,22-diene-38,5x,68,7a-tetrol (2) Amorphous
powder. [a]2° +50.0° (¢c=0.1, CHCL;). IR v§i ecm™1: 3612, 3398.
HR-MS m/z: 428.3284 (M* —H,0, Caled for C,3H,,05; 428.3291).
EI-MS m/z: 374 (M* —4H,0), 249 (M* —4H,0—side chain), 207
(M* —4H,0 and ring D fission). 'H-NMR (600 MHz, CDCl,): see Table
1. (600 MHz, C;DsN) 6: 0.83 (6H, d, J=5.4Hz, H;-26, H;-27), 0.84
(3H, s, H,-18), 0.92 3H, d, /=69 Hz, H;-28), 1.08 3H, d, J=6.6Hz,
H,-21), 1.78 (3H, s, H;-19), 2.73 (1H, J=13.2, 7.3 Hz, H-14a), 2.89 (1H,
dd, J=12.0, 11.7 Hz, H-4p), 4.46 (1H, br s, H-6a), 4.60 (1H, brs, H-7f),
4.85 (1H, m, H-3a)). 13C-NMR (150 MHz, CDCl;) 4: 11.3 (C-18), 17.7
(C-28), 19.6 (C-26), 20.0 (C-27), 21.0 (C-21), 23.1 (C-19), 23.4 (C-11),
23.7 (C-15), 28.9 (C-16), 31.9 (C-2), 33.1 (C-1, C-25), 36.1 (C-12), 40.5
(C-4, C-20),40.7 (C-10),42.0(C-13),42.8 (C-24),49.4 (C-14), 54.4 (C-17),
67.0 (C-3), 72.7 (C-7), 75.3 (C-5), 79.3 (C-6), 127.8 (C-8), 132.1 (C-23),
135.5 (C-22), 137.6 (C-9).

(22E,24R)-Ergosta-7,9(11),22-triene-3p,5a,6 -triol (3) Amorphous
powder. [a]3? —3.7° (¢=0.3, CHCl). IR v§ih cm~1: 3612, 3414. UV
MO nm (loge): 244 (4.0). HR-MS m/z: 428.3317 (M™, Calced for
C,3H,,05; 428.3290). EI-MS m/z: 428 (M ™), 374 (M™ —3H,0), 249
(M* —3H,0-side chain), 207 (M*—3H,0 and ring D fission).
'H-NMR (600 MHz, CDCl,): see Table 1. (600 MHz, C;DsN) é: 0.71
(3H, s, H,;-18), 0.83 (3H, d, /=6.8 Hz, H;-26), 0.84 (3H, d, /J=6.8 Hz,
H,-27), 0.93 (3H, d, J=6.8 Hz, H;-28), 1.02 (3H, d, J=6.6 Hz, H;-21),
1.76 (3H, s, H;-19), 2.95 (1H, dd, J=12.7, 11.5Hz, H-4p), 4.46 (lH,
brs, H-6a), 4.87 (1H, m, H-3«), 5.14 (1H, dd, J=15.2, 7.8 Hz, H-22),
5.24 (1H, dd, J=15.2, 7.1 Hz, H-23), 5.79 (1H, brs, H-7 or H-11), 6.06
(1H, brs, H-7 or H-11). 3C-NMR (150 MHz, CDCl;) §: 11.5 (C-18),
17.6 (C-28), 19.6 (C-26), 19.9 (C-27), 20.7 (C-21), 23.1 (C-15), 26.3 (C-19),
28.7 (C-16), 29.7 (C-1), 30.8 (C-2), 33.1 (C-25), 40.3 (C-20), 40.7 (C-10),
42.2 (C-4), 42.5 (C-12, C-13), 42.8 (C-24), 51.4 (C-14), 56.0 (C-17), 67.7
(C-3), 74.0 (C-6), 75.3 (C-5), 118.2 (C-7), 126.4 (C-11), 132.3 (C-23),
135.2 (C-22), 138.9 (C-8), 140.0 (C-9).

3B,54,6 p-Trihydroxy-(22E,24R)-ergost-22-en-7-one (4) Amorphous
powder. [a]2® —54.1° (¢=0.2, CHCly). IR vt ecm~1: 3614, 3410,
1708. HR-MS m/z: 446.3378 (M*, Caled for C,3H,(0,; 446.3396).
EI-MS m/z: 446 (M *), 392 (M * —3H,0), 267 (M* —3H,0 —side chain),
225 (M* —3H,0 and ring D fission). 'H-NMR (600 MHz, CDCl,): see
Table 1. (600 MHz, C;DsN) 6:0.74 (3H, s, H;-18),0.83 (3H, d, J=6.6 Hz,
H;-26), 0.84 (3H, d, J=6.6 Hz, H;-27), 0.92 (3H, d, /=6.9Hz, H;-28),
1.05(3H, d, J=6.6 Hz, H;-21), 1.79 (3H, 5, H3-19),2.96 (1H, dd, /=13.2,
11.4Hz, H-4p), 3.38 (1H, dd, J=11.4, 11.2Hz, H-8p), 4.31 (I1H, d,
J=4.3Hz, H-6), 4.85 (1H, m, H-3a), 7.85 (1H, d, /J=4.3Hz, 6-OH).

3p-Hydroxy-(22E,24 R)-ergosta-5,8,22-trien-7-one (5) Amorphous
powder. [a]3* —28.3° (c=0.1, CHCL;). IR vKBr cm™!: 3457, 1662, 1626,
1593. UV 1Y% nm (log e): 246 (4.0). HR-MS m/z: 410.3158 (M *, Caled
for C,4H,,0,; 410.3185). 'H-NMR (400 MHz, CDCl,): see Table 1.
13C-NMR (100 MHz, CDCl,) é: 12.0 (C-18), 17.7 (C-28), 19.7 (C-26),
20.0 (C-27),21.1(C-21), 23.7 (C-19),24.6 (C-11), 24.7 (C-15), 29.5 (C-16),
30.7 (C-2), 33.1 (C-25), 34.7 (C-1), 35.6 (C-12), 40.3 (C-20), 41.8 (C-4),
41.9 (C-10), 42.3 (C-13),42.9 (C-24), 48.4 (C-14), 53.4 (C-17), 71.9 (C-3),
126.8 (C-6), 132.1 (C-23), 134.0 (C-8), 135.5 (C-22), 160.9 (C-9), 161.5
(C-5), 186.3 (C-7).

3p,5a-Dihydroxy-(22E,24 R)-ergosta-7,22-dien-6-one (6) Amorphous
solid. [a]3® +9.1° (¢=0.1, CHCl,). IR vZH< cm™1: 3457, 1667. UV
AMOH nm (loge): 248 (3.9). HR-MS m/z : 428.3307 (M*, Caled for
C,3H,,0;; 428.3290). 'H-NMR (270 MHz, CDCl,): Table 1.

Oxidation of Ergosterol Acetate by Na,Cr,0, A solution of
Na,Cr,0,-2H,0 (28 mg) in acetic acid (2ml) was added to a solution
of ergosterol acetate (93.5mg) in benzene (Sml) at 0°C. The reaction
mixture was stirred for 22 h at room temperature, water was added, and
the mixture was extracted with CHCI;. After work-up, the product was
purified by preparative HPLC (column, TSK gel ODS-120T 7.8 mm
i.d. x 30 cm; mobile phase, MeOH; column temperature, 40 °C; flow rate,
1.8 ml/min; RI detector) to give 3f-acetoxy-5a-hydroxy-(22E,24R)-
ergosta-7,22-dien-6-one (6") (13.5 mg). Amorphous powder. []3° —2.92°
(c=1.0, CHCly). IR v§¥s cm~1: 3585, 3442, 1719, 1670, 1619. UV
AMOI nm (loge): 249 (4.2). HR-MS m/z: 470.3414 (M*, Caled for
C,0H,604; 470.3396). 'H-NMR (270 MHz, CDCl;) d: 0.60 (3H, s,
H,-18), 0.82 (3H, d, /J=6.8 Hz, H;-26), 0.84 (3H, d, J=6.6 Hz, H;-27),
0.92(3H,d,J=6.8 Hz, H;-28),0.96 (3H, s, H;-19), 1.03 (3H,d, J=6.6 Hz,
H;-21), 2.03 (3H, s, 3-OAc), 5.10 (1H, m, H-3a), 5.21 (2H, m, H-22,
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H-23), 5.65 (1H, dd, J=2.1, 2.1 Hz, H-7).

Deprotection of 6’ A solution of 6’ (10mg) in MeOH (2ml) was
treated with Na,CO, (15mg), and the mixture was stirred for 6h at
room temperature. Water was added and the mixture was extracted with
CHCl,. After work-up, the product was purified by preparative HPLC
(column, TSK gel ODS-120T, 7.8mm i.d.x30cm; mobile phase,
MeOH-H,0 (10: 1); column temperature, 40 °C; flow rate, 1.5 mi/min;
UV detector, 248 nm) to give 6 (4.5 mg).

Acknowledgements The authors are grateful to Mr. S. Sato (Tohoku
College of Pharmacy) for the measurements of mass spectra and NMR
spectra.

References

1) Ohnishi M., Mori K., Ito S., Fujino Y., Nippon Nogeikagaku Kaishi,
59, 1053—1059 (1985).

2) Ohnishi M., Matsubara N., Ito S., Fujino Y., Nippon Nogeikagaku
Kaishi, 61, 221—226 (1987).

3) Ohnishi M., Kawase S., Kondo Y., Fujino Y., Ito S., J. Jpn. Oil
Chem. Soc., 45, 51—56 (1996).

4) Kawagishi H., Nomura A., Mizuno T., Kimura A., Chiba S.,
Biochim. Biophys., Acta, 1034, 247—252 (1990).

5) Ohno N., Adachi Y., Suzuki L., Oikawa S., Sato K., Suzuki Y.,
Ohsawa M., Yadomae T., Chem. Pharm. Bull., 34, 2555—2560
(1986).

6) Greca M. D., Fiorentino A., Molinaro A., Monaco P., Previtera
L., Nat. Prod. Lett., 2, 27—32 (1993).

7) Watanabe K., Hashimoto F., Nohara T., Hashimoto T., Asakawa
Y., Abstract of Papers, The 116th Annual Meeting of
Pharmaceutical Society of Japan, Kanazawa, March 1996, Part 2,
p. 169.

8) Chen R., Wang Y., Yu D., Acta Botanica Sinica, 33, 65—68,
(1991).

9) a) Notaro G., Piccialli V., Sica D., J. Nat. Prod., 55, 1588—1594
(1992); b) Abraham W., Schmeda-Hirschmann G., Phytochemistry,
36, 459—461 (1994).

10) Takaishi Y., Uda M., Ohashi T., Nakano K., Murakami K.,

12)
13)
14)

15)

16)

17)

18)

19)
20)

21)
22)
23)
24)

25)

Vol. 45, No. 11

Tomimatsu T., Phytochemistry, 30, 4117—4120 (1991).

Ohta K., Yaoita Y., Matsuda N., Kikuchi M., Nat. Med., 50,
179—181 (1996).

a) Valisolalao J., Luu B., Ourisson G., Tetrahedron, 39, 2779—2785
(1983); b) Kawagishi H., Katsumi R., Sazawa T., Mizuno T.,
Hagiwara T., Nakamura T., Phytochemistry, 27,2777—2779 (1988).
Ohta K., Yaoita Y., Kikuchi M., Nat. Med., 50, 366 (1996).
Sheffer M., Fried A., Gottlieb H. E., Tietz A., Avron M., Biochim.
Biophys. Acta, 857, 165—172 (1986).

Ishizuka T., Yaoita Y., Kikuchi M., Abstract of Papers, The 117th
Annual Meeting of Pharmaceutical Society of Japan, Tokyo, March
1997, Part 2, p. 165.

a) Demarco P. V., Farkas E., Doddrell D., Mylari B. L., Wenkert
E., J. Am. Chem. Soc., 90, 5480—5486 (1968); b) Fujimoto Y.,
Yamada T., Ikekawa N., Chem. Pharm. Bull., 33, 3129—3133
(1985); ¢) Kobayashi M., Krishna M. M., Haribabu B., Anjaneyulu
V., Chem. Pharm. Bull., 41, 87—89 (1993).

a) Akihisa T., Matsubara Y., Ghosh P., Thakur S., Tamura T.,
Matsumoto T., Steroids, 53, 625—638 (1989); b) Wright J. L. C,,
Mclnnes A. G., Shimizu S., Smith D. G., Walter J. A., Can. J.
Chem., 56, 1898-—1903 (1978).

Augustiniak H., Forche E., Reichenbach H., Wray V., Grafe U.,
Hofle G., Justus Liebigs Ann. Chem., 1991, 361—366.

Zurcher R. F., Helv. Chim. Acta, 46, 2054—2088 (1963).

Aiello A., Fattorusso E., Menna M., Carnuccio R., Iuvone T.,
Steroids, 60, 666673 (1995).

Costantino V., Fattorusso E., Mangoni A., Pansini M., Steroids,
60, 768—772 (1995).

Chen Z., Shen J., Gao Y., Wichtl M., Planta Med., 63, 40—43
(1997).

Elks J., Evans R. M., Long A. G., Thomas G. H., J. Chem. Soc.,
1954, 451—462.

Burke D. C., Turnbull J. H., Wilson W., J. Chem. Soc., 1953,
3237—3244.

Fieser M., Quilico A., Nickon A., Rosen W. E., Tarlon E. J., Fieser
L. F., J. Am. Chem. Soc., 75, 4066—4071 (1953).

NII-Electronic Library Service





