
Phyrochemitrry. Vol. 26, No. 6, pp. 1777-1784, 1907. 003 I -!M22/87 $3.00 + 0.00 
Printed in Great Britain. Fergamoa Jollmals Ltd. 

TRITERPENOIDS FROM THE FUNGUS GANODERMA LUCZDUM 

TSUYOSHI NISHITOBA, HIROJI SATO and SADAO SAKAMURA 

Department of Agricultural Chemistry, Faculty of Agriculture, Hokkaido University, Sapporo 060, Japan 

(Received 26 August 1986) 

Key Word Indcx-Ganodemw lucidwn; Polypmaceaq tritcrpenoids; ganoderic acid; ganodmnic acid; lucid& 
acid; lucidone. 

Abstract-Ten novel components, ganoderic acid, ganoderenic acid and lucidenic acid derivatives, were isolated from 
the fruiting body of the fungus Gwwderma luckfum. Their structures were elucidated mainly by spectroscopic and 
chemical methods. 

INTRODUCTION 

Ganoderma lucidum is well known as a crude drug in 
China and Japan, and its fruiting body contains large 
amounts of highly oxidized triterpenoids [l-13]. In this 
paper, we describe the structures of the novel minor 
components, ganoderic acids M, N and 0, ganoderenic 
acid E and lucidenic acids H, I, J, K, L and M, along with 
the identification of ganoderic acid H [I? J (also reported as 
ganoderic acid C in ref. [lo] and revised as ganoderic acid 
D in ref. [ 12]), K [ 133, compound B9 [ 133 and lucidenic 
acids E2 (reported as lucidenic acid E in ref. [S]). 

RESULTS AND DISCUSSION 

The &idic part of the chloroform layer from the 
ethanol extract of G. lucidum was separated into several 
fractions by silica gel column chromatography and 
reverse-phase LC. Some of the fractions were methylated 
with diazomethane and subjected to silica gel column 
chromatography, prep. TLC, reverse-phase LC and/or 
HPLC to give the methyl esters of 14 triterpenoid acids 
(1-14). 

Compound 1, methyl ganoderate M ([Ml’, m/z 544), 
was assigned the molecular formula C,,HtiOB by 
HRMS. Its ‘H NMR spectrum was very similar to that of 
ganoderic acid D [2] (Table l), but the configuration of 
the hydroxyl group at C-12 was indicated to be a from the 
chemical shift of H-12 (6 3.78, s) cf. ‘H NMR spectra of 
lucidenic acid E [2]. Thus, the structure of 1 was 
determined to be methyl 7fl,12a-dihydroxy-3,11,15,23- 
tetraoxo-5a-lanost-8-en-26-oate. 

Compound 2, methyl ganoderate N, showed a molecu- 
lar ion peak at m/z 544 by both FDMS and EIMS. 
although its relative intensity was very weak (0.06%) in 
EIMS. Its molecular formula was assigned as CJ,Ha,Os 
by HRMS. Its ‘% (Table 2) and ‘HNMR (Table 1) 
spectra resembled those of ganoderic acid CI [l, 33 
(reported as ganoderic acid C in refs [l] and [3]). 
However, the signal at 6 72.9 (“CNMR) and singlet 
methyl group at d 1.41 (‘H NMR) suggested the presence 
of an additional hydroxyl group at C-20. Thus the 
structure of methyl ganoderate N was established to be 
methyl 7B,2Odihydroxy-3,11,15,23-tetraoxo-Sa-lanost-8- 
en-26-oate (2). The weak intensity of the molecular ion 

peak in EIMS is ascribable to a McLafferty rearrange- 
ment and consequent easy cleavage between C-20 and C- 
22 (Fig. 1). Alkaline treatment of 2 caused a retro-aldol 
condensation and the resulting cleavage between C-20 
and C-22 to yield lucidone B (15) [2] (Fig. 2). These 
observations also supported the above structure for 2. 

Compound 3, methyl ganoderate 0, gave no molecular 
ion peak in EIMS, but gave it at m/z 542 in FDMS. Its ‘H 
NMR spectrum (Table 1) contained six singlet methyl 
signals and one doublet methyl signal at high field, 

Rl 

R,,&sO,R~a-OH,Rya-OH,ReO 

R, CR, =0,R2cn-Ott,R~=H, RrpOH 

R,~R2rRp0,R~H,Rs=OH 

R,PR-OH,R~=O,R~~R~PH.R~~~~OH 

R,=R-OH,R2=RL=a’OH,RjORg=H 

R,.R_OAc,R20a-OH,R3uR5=H,R4tOrOAE 

R, =R2tR4=0,RpR~H 

R, ,n-OH,R2=R4=0,R@-QLlcrR5’H 
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Table 1. ‘H NMR qnztral data of compounds l-7 [CDCI, or C,D,N(3), TMS as ht. standard ] 

H 1* 2t 3. 4’ 5+ 6t 7* 

la 

18 

2a 

28 

3a 

5a 

6a 

68 

7a 

78 
12a 

12s 

15s 

16a 

168 

17 

1.82 ddd 1.47 ddd 
(13.6 87 8.3)** (13.6, 8.5, 8.5) 1 . . 

2.89 ddd 
(13.6. 7.8, 5.9) 

2.50 ddd 
(15.1, 8.3, 7.8) 

2.54 ddd 
(15.1, 8.7, 5.9) 

- 

1.74 dd 
(13.7, 1.0) 

2.11 ddd 
(131 7.3, 1.0) 

1.65 ddd 
(13.7, 13.2, 9.8) 

4.85 dd, 
(9.8, 7.3) 

- 
- 

3.78 s 

- 

2.73 dd 
(22.5, 8.3) 

2.11 dd 
(22.5, 12.7) 

2.73 m 

Me-18 1.03 s 

Me-19 1.15 s 
20 2.18 m 
Me-21 1.09 d 

(6.8) 
22 241 dd 

(16.1, 8.3) 
22 2.37 dd 

(6.1.4.4) 
24 2.87 dd 

(17.6, 8.3) 
24 2.47 dd 

(17.6, 5.4) 
25 2.%m 

Me-27 1.19 d 

(7.3) 
Me-28 1.10 s 
Me-29 1.14 s 
MC-30 1.32 s 
COOMe 3.69 s 
OAe12 - 

2.95 m 

1.79 ddd 
(14.1, 10.4, 5.9) 

3.0 m 

2.500 

2.50 m 

- 

2466 
(15.6, 8.8, 5.9) 

2.66 ddd 
(15.6, 10.4, 5.9) 

- 

1.55 dd 
(12.6 1.1) 

212 ddd 
(12.6, 7.7, 1.1) 

1.68 ddd 
(126. 126.9.0) 

4.84 dd 
(9.0, 7.7) 

- 

2.77 d 

(17.2) 
2.85 d 

(17.2) 
- 

2.48 dd 
(14.7. 2.4) 

2.53 dd 
(13.2, 2.4) 

276 dd 
(14.7, 13.2) 

- 

- 

3.25 d 
(16.6) 
3.12 d 
(16.6) 

- 

2.86 dd 
(19.4, 10.3) 

2.45 m 

3.0 m 

3.0 m 

2.25 dd 2.92 dd 
(14 9) (8.3, 8.3) 
1.17 s 1.38 s 

1.26 s 
- 

1.41 s 

1.32 s 
- 

1.67 s 

2.66 d 

(16.5) 
249 d 
(16.5) 
2.95 m 

2.85 d 
(14.7) 
2.82 d 
(14.7) 
3.0 m 

2.45 m 

2.95 m 

2.70 dd 
(17.0.4.0) 

3.0 m 

1.20 d 

(7.0) 
1.11 s 
1.12 s 
1.34 s 
3.69 s 

1.16 d 

(7.3) 
1.06 s 
1.11 s 
1.92 s 
3.62 s 

- - 

1.30 m 

284ddd 
(127. 4.9, 4.9) 

1.70 m 

1.70 m 

3.2add 
(11.7, 6.5) 

1.54 dd 
(13A4.4) 

2.55 dd 
(15.6, 4.4) 

2.59 dd 
(15.6, 13.2) 

- 

- 

2.83 d 
(16.6) 
2.53 d 

(16.6) 
4.34 dd 

(7.3, 7.3) 
1.85 m 

1.85 m 

1.85 m 

0.89 s 

1.14 s 
2.00 m 
0.86 d 

(6.4) 
2.42 dd 

(16.6, 2.4) 
2.25 dd 

(16.6.9.7) 
2.82 dd 

(17.7, 8.3) 
2.46 dd 

(17.7, 5.1) 
2.94 m 

1.18 d 

(7.3) 
1.03 s 
0.89 s 
1.2929 
3.67 s 

- 

1.17 ddd 
(13.7. 134 3.4) 

3.00 ddd 
(13.7. 3.4, 3.4) 

1.65 m 

1.65 m 

3.31 dd 
(10.5, 5.4) 

1.30 dd 
(13.2, 1.5) 

1.80 m 

1.75 m 

- 

4.56 m 
2.77 dq 

(17.6, 1.0) 

2.39 d 

(17.6) 
4.58 m 

1.90 m 

1.90 m 

1.90 m 

0.87 d 

(1.0) 
1.06 s 
2.00 m 
0.85 d 

(6.4) 
2.38 dd 

(16.1, 29) 
2.25 dd 

(16.1, 9.3) 
2.83 dd 

(17.7. 8.6) 
2.46 dd 

(17.7, 5.4) 
2.95 m 

1.18 d 

(7.3) 
1.05 s 
0.84 s 
1.27 s 
3.68 s 

1.18 ddd 
(13.6, 13.3, 5.8) 

2.73 ddd 
(13.6, 3.3, 3.3) 

1.70 m 

1.70 m 

3.26 dd 
(10.3, 5.5) 

1.56 dd 
(13.9, 2.9) 

2.57 dd 
(14.3. 2.9) 

2.67 dd 
(14.3. 13.9) 

- 

- 

5.63 s 

- 

- 

2.77 dd 
(18.1. 9.9) 

1.91 dd 
(18.1, 8.2) 

0.89 s 

1.33 s 

0.98 d 

(6.2) 

2.83 dd 
(17.2, 8.8) 

2.42 dd 
(17.2, 5.0) 

2.96 ddq 
(8.8, 5.0, 7.0) 

1.18 d 

(7.0) 
1.03 s 
0.82 s 
1.73 s 
3.67 s 
2.24 s 

2.79 ddd 
(13.2, 7.1, 4.2) 

2.41 ddd 
(15.6, 6.6, 4.2) 

2.65 ddd 
(15.6, 11.2, 6.8) 

- 

1.48 dd 
(13.7, 2.0) 

22Oddd 
(13.7, 8.6, 2.0) 

1.79 ddd 
(13.7, 13.7, 8.6) 

4.84 dd 
(8.6, 8.6) 

- 

4.46 s 

- 

- 

2.72 dd 
(20.0, 8.3) 

2.56 dd 
(20.0, 10.3) 

3.32 dd 
(10.3. 8.3) 

0.80 s 

1.44 s 
- 

2.31 d 
(1.0) 
6.15 d 

(I.01 
- 

2.95 m 

2.53 m 

2.95 m 

1.19 d 
(7.3) 
1.13 s 
1.13 s 
1.51 s 
3.69 s 

- 

*Measured at 500 MHz 
tMca.wed at 270 MHz 
**Values in parcnthcncs are coupling constants in Hz 
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Table 2. “CNMR rpectd data of compounds 2,s. 8,9 and 14 C67.8 MHz, CDQ (2,14) or C,D,N (S, 4 
9). TMS as int. standard] 

C 2 5 8 9 14 

1 35.7 (2Y. 35.2 (2) 35.4 (2) 36.7 (2) 33.3 (2) 
2 34.3 (2) 28.9 (2) 28.3 (2) 27.9 (2) 27.4 (2) 
3 217.8 (Oy 77.9 (1) 72.0 (1) 70.7 (1) 77.5 (1) 
4 45.3 (0) 39.5 (0). 43.0 (0) 43.6 (0) 40.4 (0) 
5 49.4 (l)t 49.4 (1) 42.5 (1) 44.5 (1) 51.4 (1) 
6 27.7 (2) 27.7 (2) 27.8 (2) 34.1 (2) 36.7 (2) 
7 66.3 (1) 68.0 (1) 66.7 (1) 200.4 (0) 194.1 (0) 
8 157.6 (0) 161.3 (0) 158.8 (0) 152.2 (0) 151.6 (0) 
9 141.0 (0) 141.2 (0) 142.9 (0) 147.4 (0) 146.0 (0) 

10 38.3 (0) 39.4 (0). 39.2 (0) 40.8 (0) 39.1 (0) 
11 197.6 (0) 199.6 (0) 198.3 (0) 199.8 (0) 198.9 (0) 
12 50.5 (2) 52.8 (2) 51.1 (2) 49.9 (2) 79.4 (1) 
13 46.8 (0) 47.8 (0) 45.6 (0) 44.5 (0) 48.0 (0) 
14 59.7 (0) 54.2 (0) 59.2 (0) 57.6 (0) 58.5 (0) 
15 216.8 (0). 71.8 (1) 216.8 (0) 208.0 (0) 206.0 (0) 
16 36.3 (2) 38.0 (2) 41.4 (2) 40.5 (2) 37.6 (2) 
17 49.0 (1)t 46.9 (1) 46.2 (1) 45.5 (1) 45.5 (1) 
18 19.3 (3) 17.4 (3) 17.8 (3) 16.4 (3) 121 (3) 
19 18.1 (3) 17.8 (3) 19.2 (3) 18.6 (3) 18.0 (3) 
20 72.9 (0) 33.0 (1) 35.4 (1) 35.5 (1) 33.0 (1) 
21 26.7 (3) 19.4 (3) 18.1 (3) 18.2 (3) 24x2 (3) 
22 52.7 (2) 49.7 (2) 31.0 (2) 31.0 (2P 30.1 (2) 
23 210.4 (0) 208.5 (0) 31.0 (2) 31.1 (2Y 31.7 (2) 
24 47.7 (2) 46.9 (2) 174.0 (0) 174.0 (0) 173.7 (0) 
25 34.5 (1) 35.1 (1) 66.6 (2) 65.1 (2) 27.9 (3) 
26 175.9 (0) 176.2 (0) 13.2 (3) 13.1 (3) 15.6 (3) 
27 17.0 (3) 17.2 (3) 24.8 (3) 21.6 (3) 21.4 (3) 
28 27.0 (3) 28.8 (3) - - - 
29 20.8 (3) 16.8 (3) - - - 
30 25.1 (3) 21.7 (3) - - - 

COOMe 52.0 (3) 51.6 (3) 51.4 51.4 51.6 
12AcMc 

(3) (3) (3) 
- - - - 20.8 

12A& 
(3) 

- - - - 170.1 (0) 

l ,tA8si8nmcnts may be revcrEcd. 
**Number of bonded H io parenthe&. 

however, it containd no signals for methine groups 
bearing a hydroxyl group. By analogy with methyl 
ganoderate N (2), alkaline treatment of 3 gave a retro- 
aldol condensation product (16) (Fig. 2), which was also 
derived from lucidone B (15) on treatment with pyri- 
dinium dichromate (PDC) [ 163. From these data, methyl 
ganoderate 0 was concluded to be methyl 3,7,11,15,24- 
pentaoxo-Sa-lanost-8cn-26oate (3). 

Compound 4. C,, Hd60,, gave a ‘H NMR spectrum 
(Table 1) similar to that of methyl ganoderate J [4], but 
the signal at 6 3.28 (1 H, dd, J = 11.7, 6.5) showed the 
presence of a fl-hydroxyl group at C-3 instead of a 
carbonyl group. Thus, 4 was identified as methyl gano- 
derate K, whose structure had been presented by Kikuchi 
et 01. [13]. 

Compound 5 was formulated as CJLHb807 and its 
“CNMR spectrum (Table 2) indicated the presence of 
three methine carbons each bearing a hydroxyl group 
(6 77.9, 77.8 and 68.0). Its ‘H NMR spectrum (Table 1) 
also indicated the presence of three methine protons each 
bearing a hydroxyl group [a 3.31 (lH, dd, J = 10.5, 5.4), 
4.5-4.6 (2H, overlapped)]. Acetylation of 5 gave a dia- 
cetate (5~) as a major product, the ‘H NMR spectrum of 

which showed the signals due to the above methine 
protons at 6 5.28 (lH, dd, J = 9.3, 5.7), 4.57 (lH, dd, 
J = 11.2,5.3), and 4.3 1 (lH, m). The two signals at 6 5.28 
and 4.57 indicated the presence of an a-acetoxyl group at 
C-15 and a /J-acetoxyl group at C-3, respectively. On the 
other hand, the signal at b 4.31 indicated the presence of 
an a-hydroxyl group at C-7, the presence of which was 
also observed in the mycelial components, ganoderic acids 
U, V and W [ 14,151. These observations indicated that 5 
was an epimer at C-7 of methyl ganoderate C2 (reported 
as ganoderic C in ref. [7] and as ganoderic acid D in ref. 
[8]) and was identical with Compound BY [13]. whose 
structure had been presented by Kikuchi et al. 
Furthermore, this structure was confirmed by oxidation 
of 5 with PDC to give a pentaketo compound (Sb) [6]. 

Compound 6 exhibited a molecular ion peak at m/r 586 
and was assigned the molecular formula C&Hb609. Its 
‘HNMR data (Table 1) entirely agreed with that of 
methyl ganoderate H [8, lo]. Thus, 6 was identified as 
methyl ganoderate H. 

The molecular formula of compound 7, methyl gano- 
derate E, was determined to be C31H110s. Its UV 
spectrum contained an absorption maximum at 247 nm 
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mh 400 m/z I44 

Fig. 1. Mclafferty rearrangement and consequent cleavage be- 
twecn C-20 and C-22 in the mass spectrum of compound 2. 

(E 11760). The large E value of which indicated the 
presence of two a,&unsaturated carbonyl groups. In the 
‘H NMR spectrum of 7 (Table l), the signals due to a 
olefinic methyl group at 6 2.31 (3H, d, J = 1.0) and 6.15 
( 1 H, d, J = 1 .O) suggested the presence of a E-double bond 
between C-20and C-22 by analogy with ganoderenic acids 
A-D[ll].Thesignals ata4.84 (lH, dd, J = 8.6,8.6)and 
4.46 (1 H, s) revealed the presence of 7/?- and 12/Lhydroxyl 
groups. From these data, the structure of methyl gano- 
derenate E was concluded to be methyl 7/?,12/?dihydroxy- 
3,11,15,23-~etraoxo-5a-lanosta-8,20&dien-26-oate (7). 

Compound 8, methyl lucidenate H, was formulated as 
C28H.207. Its “C NMR spectrum (Table 2) showed the 
presence of two methine carbons (a 72.0, 66.7) and one 
methylene (a 66.6) carbon which possessed the hydroxyl 
group, in addition to a carbonyl (6 216.8), an a$- 
unsaturated carbonyl (6 198.3, 158.8, 142.9) and an ester 
carboxyl (6 174.0) group. In the ‘H NMR spectrum of 8 
(Table 3), the signals at 64.30 (lH, dd, J = 11.7, 5.5) and 
5.25 (IH, dd, J = 7.5,7.5) revealed the presence of 3/?- and 
7/?-hydroxyl groups, and the A&doublet signals at 6 4.24 
(lH, d, J = 10.4) and 3.78 (1 H, d, I = 10.4) indicated the 
presence of an a-hydroxymethyl group at C-4. These 
‘HNMR data are in marked contrast with those of 
ganolucidic acid C [4], which possesses a /?I- 
hydroxymethyl group at C-4. On the basis of these 
observations, the structure of methyl lucidenate H was 
concluded to be methyl 3/?,7/%dihydroxy&- 
hydroxymethyl~/?,14u-dimethyl-l1,15dioxo-5a-chol-8- 
en-24-oale (8). This structure was confirmed by convert- 
ing 8 into 8a by treating it with cupric sulphatcacetone. 
The ‘HNMR data of 8a (experimental) was in good 
agreement with that of the acetonide derived from a 
triterpene which has 3/Lhydroxyl and 4a-hydroxymethyl 
groups Cl7). 

(8) 

(88) 

(9) 

(IO) 

(II) 

(12) 

(13) 

(16) 

R, rR3=0-OH,R2=OH,R4=H,Rs=0 

R,tQ 
R2= Ox 

,Rgu~-OH,R4=H,Rs=0 

Rlo~-OH,R210H,R3nR5P0,R~H 

R,=R4=a-OH,R~=OH,R3=R~=0 

R,sRj~Rp0,R2=H,R4~a-OH 

R, =R4nl+OH,R+, R3=RS=0 

R,~POH,R~=R,=H,R~=R~=~I-~H 

R~=MH,R2~H,R3=R5~,R4=o-OAc 

The molecular formula of compound 9, methyl luci- 
denate 1, was assigned as ClsH~OO,. By analogy with 
methyl lucidenate H (S), the ’ H NMR signals of 9 at 6 4.29 
(lH,dd,J = 11.2,5.3),4.16(lH,d,J = 10.8)and3.61 (lH, 
d, J = 10.8) established the presence of .3/?-hydroxyl and 
4a-hydroxymethyl groups, and the absence of a 7/L 
hydroxyl group (Table 3). Moreover, the “C NMR signal 
of 9 at 6 200.4 indicated the presence of a conjugated 
carbonyl group at C-7 (Table 2). Thus, the structure of 
methyl lucidenate I was established to be methyl 3/L 
hydroxy-4a-hydroxymethy1_48,14a-dimethy1-7,11,15- 
trioxo-5achoL8cn-24ate (9). 

Compound 10, methyl lucidenate J, CzeH.oOs, had a 
‘HNMR spectrum closely similar to that of methyl 
lucidenate I (9) (Table 3). However, a signal at 6 4.92 (1H. 
s) revealed the presence of an additional B-hydroxyl group 
at C-12. So, the structure of methyl lucidenate J was 
determined to be methyl 3/?,12/Ldihydroxy_4a- 
hydroxymethy1-4/?,14adimethy1-7,11,15-trioxo-5acho1- 
8cn-24-oate (10). 

Compound 11. methyl lucidenate K, was formulated as 
CzeHJ,,O,. Its ‘HNMR spectrum (Table 3) resembled 
that of lucidenic acid E, [2] and a signal at 6 3.94 (lH, s) 
indicated the presence of an a-hydroxyl group at C-12. 
However the ABX type signals at 6 2.68 (1H. dd, J = 15.1, 
14.6X 2.39 (lH, dd, J = 14.6, 3.4) and 2.54 (lH, dd, J 
= 15.1,3.4) implied the presence of a carbonyl group at C- 

Fig. 2. relrcr_Aldol condensations of compounds 2 and 3. 
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Table 3. ‘H NMR spectral data of compounds 8-14 [C,D,N (8-10) or CDCI, (1 l-14), TMS as int. standard ] 

H 8. 9 1W 11t 12. 13’ 14. 

la 

V 

2a 

28 

3a 

5a 

6a 

68 

7a 

78 
12a 

128 

15s 

16x 

168 

17 

1.29 ddd 1.45 m 
(13.6, 12.5, 6.9y* 

3.27 ddd 
(13.6, 3.5, 3.5) 

2.05 m 

3.10 ddd 

(13.6, 3.5, 3.5) 

2.05 m 

2.05 m 2.05 m 

4.30 dd 

(11.7, 5.5) 
1.91 d 
(12.7) 
2.58 dd 

(121, 7.5) 
1.95 m 

5.25 dd 

(7.5, 7.5) 
- 

2.95 dq 
(16.8. 1.0) 

2.81 d 
(16.8) 

- 

4.29 dd 

(11.2 5.3) 

2.65 dd 

(13.6, 26) 
2.92 dd. 

(13.9, 2.6) 

2.80 dd 

(13.9, 13.6) 
- 

- 

3.09 d 

(15.3) 

2.81 d 
(15.3) 

- 

2.77 dd 
(19.2, 8.1) 

2.21 dd 
(19.2, 9.9) 

2.0 m 

2.78 m 

2.10 m 

2.05 m 

MC-18 1.10 s 
Me-19 1.54 s 
20 1.50 m 
Me-21 0.86 d 

(6.2) 
22 1.80 m 
22 1.30 m 
23 2.43 ddd 

(15.0,9.5, 5.5) 

23 2.30 ddd 
(15.0, 8.8, 7.0) 

25 4.24 d 
(10.4) 

25 3.78 d 
(10.4) 

Me-25 - 

Me-26 1.11 s 

Me-27 1.30 s 

COOMc 3.65 s 

OAc-12 - 

0.93 s 

1.47 s 

1.45 m 

0.86 d 

(6.6) 
1.80 m 

1.40 m 

2.45 ddd 
(15.1, 9.3, 5.2) 

2.31 ddd 
(15.1. 8.8. 7.0) 

4.16 d 
(10.8) 

3.61 d 

(10.8) 
- 

1.05 s 

1.63 s 

3.65 s 
- 

1.35 m 

2.97 ddd 

(13.5, 3.5, 3.5) 

2.05 m 

2.05 m 

4.27 dd 

(11.5, 5.2) 

265 dd 

(13.6. 2.6) 
2.93 dd 

(13.6, 2.6) 

2.83 dd 

(13.6, 13,6) 
- 

- 

4.92 s 

- 

- 

2.87 dd 

(17.6, 9.2) 

2.26 dd 

(17.6, 8.1) 

2.70 ddd 

(8, 8, 8) 
0.98 s 

1.52 s 

1.95 m 

1.28 d 

(6.6) 
1.95 m 

1.41 m 

2.48 ddd 

(16.2, 9.2, 5.8) 

2.37 ddd 

(16.2, 8.7, 6.9) 

4.16 d 
(10.6) 
3.61 d 

(10.6) 
- 

1.04 s 

1.78 s 

3.65 s 
- 

2.08 m 

2.78 ddd 

(14.2, 8.3. 5.8) 

2.55 ddd 
(15.6, 8.3, 7.8) 

2.61 ddd 

(15.6, 8.8, 5.8) 
- 

2.39 dd 

(14.6, 3.4) 
2.54 dd 

(15.1, 3.4) 

2.68 dd 
(15.1, 14.6) 

- 

- 
- 

3.94 s 

- 

2.84 dd 
(18.6, 9.3) 

2.07 dd 
(18.6, 9.3) 

2.07 ddd 
(9.3.9.3, 9.3) 

0.84 s 
1.23 s 
1.55 m 
1.06 d 

68) 
1.82 m 

1.43 m 

2.43 ddd 
(16.1.9.3, 5.4) 

2.30 ddd 
(16.1. 8.8, 7.3) 

- 

- 

1.12 s 
1.15 s 
1.58 s 
3.68 s 

- 

1.14 ddd 
(13.6, 13.6, 5.8) 

2.76 ddd 
(13.6, 3.7, 3.5) 

1.75 m 

1.75 m 

3.27 dd 
(9.9, 6.2) 

1.55 dd 
(14.3. 2.6) 

2.58 dd 
(14.3, 26) 

2.70 dd 
(14.3, 14.3) 

- 

- 

4.51 s 

- 

- 

2.74 dd 
(18.0, 9.9) 

206 dd 
(18.0, 8.1) 

2.55 ddd 

(9.9, 8.1, 8.3) 

0.64 s 

1.37 s 

1.80 m 

1.11 d 

(7.0) 
1.80 m 
1.30 m 
2.41 ddd 

(15.8. 9.2, 5.5) 
2.27 ddd 

(15.8, 8.8, 7.0) 
- 

- 

1.04 s 
0.90 s 
1.69 s 
3.66 s 

- 

3.00 ddd 

(13.2, 3.5, 3.5) 

3.32 dd 
(11.1, 4.7) 

- 

4.55 m 
2.76 d 
(17.6) 
2.40 d 
(17.6) 
4.58 dd 

(9.9, 5.1) 

0.84 s 
1.06 9 

0.85 d 

(5.8) 

- 

- 

1.05 s 

0.84 s 

1.28 s 

3.67 s 
- 

1.18 ddd 
(13.9, 13.2. 5.5) 

2.74 ddd 
(13.9, 3.7, 3.7) 

1.70 m 

1.70 m 

3.26 dd 
(10.4, 4.6) 

1.56 dd 
(14.3, 2.9) 

2.58 dd 
(14.3, 2.9) 

2.68 dd 
(14.3, 14.3) 

- 

- 

5.63 s 

- 

- 

2.79 dd 
(18.3, 9.7) 
2.08 dd 

(18.3, 8.1) 
2.28 ddd 

(8.3, 8.3, 8.3) 
0.89 s 
1.33 s 
1.70 m 

0.95’ d 

(6.6) 
1.85 m 
1.30 m 

2.44 ddd 
(15.8, 8.6, 7.3) 

2.41 ddd 

(15.8, 9.2, 5.7) 
- 

- 

1.03 s 

0.83 s 

1.73 s 

3.67 s 
2.22 s 

l 270 MHr 

7500 MHz 
l * Values in parentheses are coupling constants in Hz 

7 for 11 instead of the /I-hydroxyl group for lucidenic acid &a~? a absorption maximum at 255 nm (c6930). ‘I&e detailed 
E,. Thus, the structure of methyl lucidenate K was analysis of the ‘H NMR spectrum (Table 3) indicated 
concluded to be methyl 12a-hydroxy-4,4,l~-trimethyl- structure 12 for methyl lucideuate L. The Quals at 6 4.58 
3,7,11,15-tetraoxo-5achol-8-en-24-oate (11). (lH, s) and 3.27 (1H. dd, I = 9.9, 6.2) suggested the 

The molecular formula of compound 12, methyl luci- presena of 12/?- and 3/l-hydroxyl groups, respectively. 
denate L, was assigned as C2sH4007. Its UV spectrum Thus, the structure of methyl lucidenate L was determined 
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to be methyl 3~,12/Ldihydroxy_4,4,14a-trimethyL7,l l,lS- 
trioxo-Sachol-8cn-24oate (12). 

Compound 13, methyl lucidenate M, gave a molecular 
ion peak at m/z 476 and was formulated as &H,O+ Its 
UV spectrum gave a absorption maximum at 255 nm 
(E 7900), which indicated the presence of an a,/?- 
unsaturated carbonyl group. Although the ‘HNMR 
spectrum of 13 (Table 3) was not clearly observed because 
of its small amount, the signals at 6 3.32 (lH, dd, J = 11.1, 
4.7), 4.55 (lH, overlapped) and 4.58 (lH, dd, J = 9.9, 5.1) 
implied the presence of 3/3-, 7a-and 15-a-hydroxyl group 
similar to compound B9 (5). Five singlet and one doublet 
methyl signal were also observed in higher field and their 
chemical shifts were in good agreement with those of the 
corresponding methyl groups of compound B9 (5). From 
these observations, it was deduced that the structure of 13 
was the same as that of 5 except for the side-chain moiety. 
Therefore, the structure of methyl lucidenate A4 was 
elucidated to be methyl 3/?,7a,lSa-trihydroxy4,4,14a- 
trimcthyl-l lsxo-Sachol-8-en-24ate (13). 

The molecular formula of compound 14 was assigned 
as C3,,Hd208. Its ‘HNMR (Table 3) and ‘%NMR 
(Table 2) spectra entirely agreed with those of methyl 
lucidenate E2 [8 3, which is unique in having the /I-acetoxyl 
group at C-12. So, compound 14 was identified as methyl 
lucidcnate E2. 

Alkaline treatment of methyl ganoderates N (2) and 0 
(3) afforded the corresponding retro-aldol condensation 
products 15 (lucidone B) and 16, respectively. Taking 
account of this observation, it appears that lucidones A, B 
and C [2, S] might be artifacts generated under the 
alkaline conditions (satd aq. NaHCO,,) used during the 
isolation procedure. 

EXPERIMENTAL 

Mps (Yanako micro-mcltinp point apparatus) BTc uncorr.; 
‘H NMR: 270 and 500 MHz, CDCI,. TMS as int. standard; 
“C NMR: 270 MHz, CDCI,. 

Extraction and isolation. Dried tipped fruiting bodies of 
G. lucidum (a mixture of two strains [IS]. 6 k#) were extracted 
with EtOH. ‘Ibe extract was coacd and partitioned between 
CHC& and H20. The CHC& layer was alkalinixed with sat. aq. 
NaHCO, and the Hz0 phase aciditied to pH 34 with 6M HCl. 
The resulting ppt was dissolved in CHCI, and than cvapd to yield 
an acidic residue, which was chromatographai on silica gel 
(fractioa9 l-11, CHCl,-MeOH, 49: 1; fraction 12, 
CHCl,-MeOH, 9: 1; fmction 13, MeOH). 

Fraction 5 was rcchromatographcd 3 times on a silica gel 
column (CH&-MeOH, 19: 1) to give scvcral fractions, some of 
which were treated with cthcral CH2N,. The mcthylated frac- 
tions were. sepamtcd by the combination of prep. TLC 
(C,H,-EtOAc 1: 1 or 2: 1) and silica gel (CHQ-MeOK 99: 1) 
or revcrsc-phase LC (McOH-H,O, 7:3, Lobar RP-18). These 
separations gave compounds 1,2,3.6,7,1 I, 12 and 14. Fractions 
10 and 11 were combined and subjected to silii gel CC to give 
ganoderic acid CI as crude crystals, which were wtbylated with 
3 % wthanolic HCI. Purification of the wthylated products by 
reverse-phase LC (McOH-HIO, 3: 1, RP-18) and HPLC 
(McOH-H,O, 3: 1,~ Bondapak C18)gavecompound4asoncof 
the impurities. Fraction 12 was subjected to rcversc-phaac LC 
(MeOH-HIO, 13: 7, Lobar RP-8) and separated into four 
fractions (la-12dj Fraction 12b was treated with etheral 
CHIN, and the methylated products were separated on a silii 
gel column (x 3) (CHCI,-M&O, 2: 1, CHC&-MeOH, 19: 1. 
C,H,-EtOAc, 1: 6) and reverse-phase LC (M&H-HIO, 7: 3, 

RP-8) to yield compounda 8.9 and 10. Fractiona 12~ and 12d 
were ala mcthyktcd with ctharal CHIN,. Compound 5 wu 
puri&xi by silica gel column chromatography (CHCl,-MeOH, 
3: 1) of the mcthylated product of fraction 12c. Compound 13 
was isolated from the mcthylatcd product of fraction 12d by a 
combination of ail&a ~1 CC (CHCl,-MaOH, 9: lj prep. TLC 
(CHCl,-Me&O, 2 : 1) and mphatz HPLC (MeOH-H1O, 
3:2, p Bonda@ Cl8j 

Methyl g&are M (1). Compound 1 was crystallized from 
McOH aa necdks (1.5 m&, mp 206-210”. EIMS m/z (rcl. int.): 
544.3058 [M] + (C,,HuOl, cak. 544.3037) (3), 526 (9 355 (6j 
304 (100). 139 (23j 129 (31), 69 (2Sj 59 (37x IR vkcm-‘: 3450, 
2900,1710,1660. UV AEH nm (8): 258 (294Ok CD IMd)” nm 
(A+ 292 (- l.O), 282 (O), 257 (+ 7.3j 230 (Oj 218 (- 2.8j 

Merhyl g&ate N (2j Compound 2 was crystallized from 
EtOAc-cycIohexane aa priama (22.7mgj mp W-167”. [a]&’ 
+ 153” (c = 0.2, McOHj FDMS m/z (rcl. int): 544 [Ml’ (IO), 
400 (1OOj 187 (77x 144 (43X EIMS m/z (rd. int): 544.3057 [M] + 
(C H 0 talc. 544.3037) (0.06x 400 [CI.H,lO,] + (2j 372 (Sj JL 44 8, 
129 (7j 112 (18). 87 (Zl), 59 (21X 43 (100); IR vzcm-‘: 3450, 
2950, 1720, 1700, 1650, UV lEHnm (8) 254 (7180): 
CD lIJcOH nm (A&): 292 (- 2.5j 280 (O), 255 (+ 18.lj 229 (Oj 215 
(- 7.3). 

Alkuline treatment o/ 2. Compound 2 (1.3 mg) in McOH 
(0.2 ml) was treated with 1M KOH (0.2 mlj After 30 min, the 
Won mixture was diluted with Hz0 and cxtractod with Et,0 
(15 mlj The organic layer was dried (Na,SO,) and coned to give 
compound 15 (1.5 mg) [Ml’, m/z 400 (Cz.Ha,O,k ‘H NMR: 
identical to that of lucidonc B [Z]. 

Methyl ganoderate 0 (3j Compound 3 wu obtained as pale 
yellow nccdlea (3.5% from Et#-hcxana), mp 168-171’. 
FDMS m/z (rcl. int.): 542 CM]’ (1OOj 398 (43j 355 (20). 187 (9Oj 
144 (31); EIMS m/z (rel. int.): 398 [CzIH,,O,]’ (6j 355 (S), 300 
(42j 215 (23j 87 (15j 59 (15j 43 (lOOk IR vzan-‘: 3475,2950, 
1740, 1700; UV lzH mn (6) 252 (661Ok CD AMcOH nm (A+ 
330 (Oj 305 (- 5.Oj 290 (Oj 277 (+ S.lj 259 (O), 252 (- 1.5), 243 
(Oj 225 (+ 8.4). 212 (0). 

Alkaline treatmenl of 3. Compound 3 (0.9 mg) in MeOH 
(0.2 ml) was treated with 1 M KOH. After 35 min, the reaction 
mixture was diluted with Hz0 and extmcted with EtOAc. The 
organic layer was dried (NalSO,) and coned to yield compound 
16 (0.7 mgj Compound 16, a colourleas syrup, Cz,HlOO, (c&c. 
398.2094, CM]‘, m/z 398.2080). EIMS m/z (ret int): 398 [M]+ 
(9), 300 (60), 215 (33), 187 @I), 163 (19), 65’ (25155 (28), 43 (lOOk 
‘H NMR: 6 3.38 (lH, dd, I = 8.8, 8.8, H-17), 3.07 (IH. dq. J 
= 15.8, 1.1, H-12aj 2.W (IH, ddd, J = 14.5, 8.1,6.1, H-1/3), 2.85 
(IH, dd, I = 19.0, 8.8, H-16), 2.84 (IH, d, J = 15.8, H-12fi 2.70 
(lH,dd,J - 14.7.13.6,H-6~2.63(1H,ddd.l = 15.6,9.5,6.1.H- 
2),2.62(lH.d4l - 19.0,8.8,H-16),2.49(lH,dd.I- 13.6,2.6.H- 
6aj2.48 (lH,ddd,J = 15.6,8.1,6.1.H-2X2.32 (1H.dd.l = 14.7, 
2.6, H-5@, 2.21 (3H, s, H-21), 1.75 (lH, d&i, J = 14.7,9.5,6.1, H- 
la), 1.70 (3H,s, H-24), 1.28 (3H, s, H-19), 1.15 (3H, s, H-23), 1.12 
(3H, s, H-22), 0.78 (3H, d, J = 1.1, H-18j From these data, 
compound 16 was determined to be 4.4.1401~trimcthyl- 
3,7.11,15,20-pcntaoxo-5a-prcgn-8-q which was alno prepared 
by oxidation of lucidonc B (IS). 

Oxidation oflucidone B (15). Lucidone B (16.9 mg) was reacted 
with pyridinium dichromate (60 mg) in DMF (0.15 ml) for 18 hr 
at room temp. The reaction mixture was diluted with Hz0 and 
then extracted with Et10 (30 ml). After drying (NalSO& the 
organic layer was conantrated and rubjacted to pnp. TLC 
(C,H,-EtOAc, 1: 1, two developments). Oxidizd lucidone B was 
obtained as a pak yellow syrup and was identical to compound 16 
(MS and ‘H NMRj 

Methyl ganudertie K (4j Compound 4 wa.4 o- aa a pak 
yellow syrup (1.7 mg). EIMS m/z (rcl int.): 530.3204 [M] + 
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