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Abstract—Ganoderic acid C, a new lanostane-type triterpenoid was isolated from the fruit body of Ganoderma lucidum.
The structure of ganoderic acid C was elucidated by spectroscopic data and X-ray analysis of methyl ganoderate C

acetate.

INTRODUCTION

Species of fungi of the Polyporaceae family (Basidio-
mycetes) are known to produce lanostane type com-
pounds [1]. In continuation of our studies on the
triterpenoids from Polyporaceae [2, 3], a new ganoderic
acid derivative has been found in the methanol extract of
the fruit body of Ganoderma lucidum (Japanese name:
Mannen-take). Previous chemical investigation of this
fungus [4] and its cultured mycelia [ 5] led to the isolation
of eight polyoxygenated triterpenic acids belonging to the
lanostane series which all contain a terminal carboxylic
acid group. Some of them were proved to have the
cytotoxicity against hepatoma cells in vitro [5].

In this paper, we wish to report the isolation of two
known ganoderic acids A and B [4] and the structure
elucidation of a new ganoderic acid, named ganoderic acid
C, by spectroscopic and X-ray analysis, and the assign-
ments of the 'HNMR and 3C NMR spectral signals of
ganoderic acid derivatives. The 'H NMR and '*C NMR
assignments were performed using proton—proton and
proton—carbon shift correlation by two dimensional
NMR techniques.

RESULTS AND DISCUSSION

After methylation by ethereal diazomethane, the acidic
fraction of the extract from G. lucidum was chromato-
graphed on silica gel and separated into fractions A-F (see
Experimental). Each fraction was rechromatographed on
silica gel and/or HPLC, and compounds 1, 2 and 3 were
isolated from fractions E and D respectively.

Compound 1, methyl ganoderate A, analysed for
C;;H,460; and showed in the UV spectrum an absorption
at 249 nm (log £3.9) characteristic of an a,f-unsaturated
carbony! group. The IR spectrum of 1 showed the
presence of hydroxy groups (3540 and 3300 cm™!), an
ester carbonyl group (1735 cm ™ !) and an a,B-unsaturated
carbonyl group (1705cm™'). The 'HNMR and
13C NMR spectra of 1 were very similar to ganoderic acid

*Part 4 in the series “Studies on the Metabolites of Higher
Fungi”, For Part 3 see ref. [3].
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A [4] except for the presence of a methyl ester group in
compound 1. The acetylated 1, mp 199-200°, was identical
in all respects (mp, MS, 'H NMR and !3C NMR) to
methyl di-O-acetyl ganoderate A [4]. Thus, compound 1
was identified as methyl ganoderate A. Compound 2,
methyl ganoderate B, C; H,s0,, mp 202-203° was
identical in all respects to the reference compound (lit. mp
202.5-203° [4]).

Compound 3, a new ganoderic acid derivative, mp
91-93°, showed an absorption in the UV spectrum at
251 nm (log & 3.9), suggesting the presence of an o,f-
unsaturated carbonyl system similar to that in com-
pounds 1 and 2. The molecular formula of compound 3
was established as C33H,sO9 by high resolution mass
spectrometry. A base peak at m/z 129 in the mass
spectrum resulted from cleavage between C-22 and C-23
suggesting the presence of the side chain as in compounds
1 and 2. The IR spectrum of compound 3 showed a
hydroxy band at 3400 cm ~, ester carbonyl at 1735 cm™*

oH
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OAc H
4 R'=0,R?=;  |R=7 ,R=H
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Table 1. "H NMR spectral data of compounds 1-7 (300 MHz, CDCl,)*

1 2 3 4 5 6 7
H-18 2.82ddd 2.83ddd 2.70ddd 2.91ddd 293 ddd 2.73ddd 2.89ddd
(14,7.3,6) (13.3,34,34) (14,39,39) (135,75,53) (13,4,4) (14,38,38) (14,9,6)
H-1a 1.45ddd 1.17m 1.42ddd 1.16m 1L16m 1.73ddd
(14,8,8) (13.5,94,7.7) (14, 10,5.9)
H-28 1.58m ca 1.68m 2.53ddd ca 1.68m 1.71m 2.61ddd
(16,94, 7.5) (15.2, 10, 6)
H-2a 1.67m ca 1.68m 2.43ddd ca 1.68m 1.71m 246ddd
(16,7.7,5.3) (15.2,9, 6)
H-3a — 3.20ddd 3.24ddd — 447dd 4.50dd —
(10.8,5,4) (10.6, 5.5, 5) (11,5.3) (115, 5)
H-5« 0.87dd 1.53dd 1.56dd 1.024dd 1.25dd 2.30dd
(13,1.5) (13.8,3) (134,1.4) (133,2) (13,4.5) (15,2.7)
H-68 1.68 ddd 1.60ddd 2.65dd 1.44ddd 1.39ddd 2.65dd 2.69dd
(13,13,9) (13,13,9.3) (13.8,13.8) (134,12,8.1) (133,13.3,8.2) (15,13) (15, 13.5)
H-6a 2.04m 2.18ddd 2.53dd 2.30ddd 247ddd 2.54dd 246dd
(13,8, 1.5) (13.8,3) (12,8,1.9) (13.3,8.2,2) (15, 3) (13.5,2.7)
H-7a 4.60ddd 4.79ddd — 5.55dd 5.85dd — —
(11.7,6.3,3.5) (93,8,4.5) (8.1, 8) (82,82
H-12a 274dd 277brd 5.61s 2.784dd 2.78br d 5.63s 2.88dd
(16, 0.8) an (17,1) (17.4) (16.2,0.8)
H-128 249d 2.68d — 2.55d 2.66d — 2.744d
(16) 17) amn (17.4) (16.2)
H-158 4.77ddd — — 5.34dd — — -
(71.2,7.2,45) 9.5, 6)
H-168 2.03dd 1.90dd 1.62ddd 203m 1.90dd 1.854dd
(14.7,9) (18.2,84) (14, 10, 6) (18,8.2) (18.2,8)
H-16a 2.67dd 2.74dd 2.14ddd 247m 2.75dd 2.74dd
(14.7, 6.4) (18.2,9.5) (14,9.5,7.5) (18, 10) (18.2,9.3)
H-17 2.09m 2.50m 1.84 ddd 203m 2.51ddd 2.23ddd
(10, 10, 7.5) (10,8.2,6.5) (11,9.3,8)
3H-18 097d 1.00s 0.79s 1.03s 1.01s 0.80s 0.88d
(0.8) 0.8)
3H-19 1.24s 1.21s 131s 1.28s 1.17s 1.33s 1.27s
H-20 2.00m 215m 2.28m 1.99m 2.20m 231m 210m
3H-21 0.87d 0984d 0964 0.864 0.96d 096d 097d
(6.3) (6.5 (6.5) 6.3) (6.3) 6) (6.3)
H-22 2.24dd 2.36brd 228m 2.36dd 235brd 231m 235m
(16,9.3) (5.0) (15.6, 2.5) (5.5
H-22 2.38dd 2.36d 2.28m 2.19dd 2.35brd 23lm 235m
(16, 3.2) (5.0) (15.6,9.5) (5.5)
H-24 245dd 244 dd 240dd 2.40dd 243dd 241dd 242dd
(17,4.7) (17, 5) (17,3.9) (17.5, 5.5) (17.2,44) (175, 5) (17.5,4.8)
H-24 2.844dd 2.85dd 2.81dd 2.79dd 2.84dd 281dd 2.83dd
(17,8.8) (17, 8.6) (17.3,9) (17.5,8.3) (17.2,8.6) (17.5, 8.5) (175, 8.5)
H-25 293 gdd 2.96 gdd 2.93qdd 2.92qdd 2.94gdd 294 qdd 2.95qdd
(7.2,88,4.7) (7.3,8.6,5) (7.2,9, 5) (7,8.3,5.5) (7,86,44) (1.2,8.5, 5) (7.1,85,4.8)
3H-27 1.164 1.184 1.16d 1.15d 1.17d 1.16d 1.184
(7.2 (7.3) (1.2) () N (7.2) 7.1)
3H-28 1.26s 1.33s 1.71s 1.28s 1.245 1.71s 1.63s
3H-29 1.10s 1.03s 1.01s 1.10s 090s 094s 1.13s
3H-30 1.08s 0.84s 0.86s 1.045 0.87s 0.89s 1.11s
OMe 3.66s 3.67s 3.65s 3.67s 3.67s 3.65s 3.67s
OAc-3 — — — — 2045 2.03s —
OAc-7 — — — 2.00s 1.91s — —
OAc-12 — — 2.22s — — 2.22s —
OAc-15 — — — 201s —_ — —
OH-3 — 1.37d (4) 1.43d (5.5) — — — —
OH-7 3.66d 4044 — — — — —
(6.3) 4.5)
OH-15 3.16d — — — — — —
4.5

*Values in parentheses are coupling constants in Hz. —, Indicates no signal. Signals indicated as m were unresolved or
overlapped multipletes.
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and several carbonyl groups (1710, 1690 and 1660 cm™!),
The 'H NMR spectrum further showed the presence of an
acetoxy methyl group (62.14) and two methine protons
(63.24, ddd, J = 10.6, 5.5, 5SHz and 65.61, s) attached to
carbon atoms bearing oxygen functions (Table 1). The
apparent singlet signal at 45.61 corresponds to the
acetoxy methine proton which was placed on the position
unable to couple with any other proton. The presence of
the acetoxy group was supported by the bands (§21.2 and
170.7) of the !3C NMR spectrum (Table 2).

The hydroxy group of compound 3 is secondary and
equatorially oriented, because its geminal proton ap-
peared at 63.24 (ddd, J = 10.6, 5.5, 5 Hz) in the 'H NMR
spectrum of 3 and was shifted to 4.50 and transformed
into a doublet doublet (J = 11.5, 5 Hz) in the derivative 6.
In the '3C NMR spectrum of 3, six carbonyl carbon
signals were observed at §170.1, 176.0, 193.8, 198.8, 205.6
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and 207.4. Two of them (6170.1 and 176.0) were un-
ambiguously assigned to the ester carbonyl carbons. Two
(6193.8 and 198.8) of the remaining carbonyl carbons
were also assigned to the a,S-unsaturated carbonyl car-
bons (C-11 and C-7) in comparison with the spectral data
of compound 7. The last remaining two carbonyl carbon
signals (6205.6 and 207.4) were assigned to the isolated
carbons (C-15 and C-23) by comparison with the pub-
lished data [4]. All these data indicated that compound 3
was a 38-hydroxy-7,11,15,23-tetra oxo-A%-lanostane de-
rivative with an acetoxy group in the lanostane skeleton.
The relative configurations at the respective asymmetric
centres of compound 6 and the position of the acetoxy
group were determined by X-ray analysis. Crystals of
compound 6 were obtained as a monohydrate. Crystal
data: orthorhombic, space group P2,2,2,,a = 15.779 (3),
b=20177(33), ¢=10995(2)A, Z=4. Three-

Table 2. !3C NMR spectral data of compounds 1-7 (75.2 MHz, CDCl,)*

1 2 3 4 5 6 7
1 354 347 331 352 340 328 343
2 341 275 271 341 237 235 336
3 2171 781 772 2160 797 788 2152
4 465 387 390 463 374 318 437
5 486 490 512 482 488  SL1 506
6 289 265 363 259 245 363 370
7 687 668 1988 705 692 1983  199.1
8 1590 1571 1515 1547 1545 1514 1495
9 140.1 1430 1456 1442 1453 1458 1465
10 378 385 402 374 383 401 391
11 1994 1983 1938 1981 1975 1939 1992
12 516 501 790 513 507 790 486
13 466 452 478 466 450 479 467
14 538 592 583 524 569 583 569
15 723 2178 2056 747 2113 2056 2067
16 362 408 377 355 410 378 396
17 479 454 445 482 459 446 442
18 171 172 120 171 176 121 158
19 192 183 178 181 179 178 184
20 325 318 292 323 316 292 318
21 194 195 215 192 195 215 196
2 495 489 483 491 492 483 488
23 2086 2083 2074 2078 2077 2074 2075
24 466 468 465 464 467 465 465
25 345 345 345 344 345 345 344
26 1762 1763 1760 1760 1760 1760 1759
27 170 170 169 169 170 169 169
28 195 243 211 219 255 210t 207
29 272 280 277 267 280 277 214
30 206 153 154 206 163 165 201
COOCH, 518 518 518 517 518 518 517
3AcCO — — — — 1708t 1705 @ —
3AcCH, — — — — 211 212t —
7AcCO — — — 1703 1698t — —
7AcCH, — — — 209 207 — —
12AcCO — — 1701 — — 1700
12AcCH, — - 207 — — 207 —
15AcCO — — - m2 - — —
15AcCH, — — — 211 — — —

*The number of directly attached protons to each individual carbon were
verified by the experiments with the DEPT pulse sequence [6].
1 Values in any vertical column may be interchanged.
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dimensional intensity data were collected on a Rigaku
AFC-5UD diffractometer with graphite monochromated
Cu Ka radiation (4 = 1.54178 A) using a crystal of
dimensions 0.5 x 0.3 x 0.2 mm. 3113 of 3344 unique re-
flections in the range 60 <65° were observed [|F,|
= o(Fg)]- The structure was solved by the direct methods,
and refined by the block-diagonal least-squares technique
to an R value of 0.039 for 2850 reflections with |F|
= Ul(Fo) and 5AF| < 30'1(F0), where Gl(Fo) = [UZ(Fo)
+0.00197 |[Fo|*]"/2. The positions of the hydrogen atoms,
except those of the C-32 methyl group and the water
molecule, were located in a difference electron density
map and refined by the least-squares method. There are no
unusual bond lengths and angles. The absolute configur-
ation of the molecule is based on the CD spectrum of
compound 6 which showed a negative Cotton effect
([6)24s —17210) like that of the known compound 7
derived from compound 1. Thus 3 and 6 are methyl 128-
acetoxy- 3B-hydroxy-7,11,15,23 -tetraoxo-5a-lanost-8-en-
26-oate and the corresponding acetate, respectively. The
former was named methyl ganoderate C and the parent
acid ganoderic acid C.

The assignments of the *3C NMR spectral signals of
compound 3 were made from the results of the DEPT [6],
HOMCOR and HETCOR [7] experiments and accord-
ing to the published data [4, 8]. The nine carbon side chain
bands were assigned as shown in Table | on the basis of
the published data [4]. The six carbonyl carbon signals at
5198.8, 193.8, 205.6, 207.4, 176.0 and 170.1 were easily
assigned to C-7, C-11, C-15, C-23, C-26 and the acetoxy
carbonyl carbon relative to the data of ganoderic acids A
and B, respectively (Table 2). Also two olefinic carbon
signals at 5145.6 and 151.5 were assigned to C-9 and C-8
respectively.

The assignments of the ring A carbon atom bands were
facilitated by the presence of the 3f-hydroxy group. The
hydroxy-bearing C-3 atom gives a band well removed
from the main group of bands characterizing the remain-
ing saturated carbon atoms and so it is easily identified. A
study of the spectra given by the 3f-alcohol acetate (6) and
3-oxo compounds (1 and 4) enabled the C-2, C-4, C-29
and C-30 bands to be assigned [8]. The remaining sp
quaternary carbon atom bands were assigned on the basis
of the data of ganoderic acids A and B.

The remaining bands were assigned from the compara-
tive study of the proton-proton and proton-carbon two
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dimensional NMR [7] spectral data. The assignments of
the two methyl proton signals (C-21 and C-27 methyl) of 3
were facilitated by their doublet signals. It was very easy to
identify the cross-peaks corresponding to the C-21 and C-
27 carbon atom bands and the proton signals in the
proton—carbon shift correlation diagram (Fig. 2), and so
the two methyl carbon bands at 616.9 and 21.5 were
unambiguously assigned to C-27 and C-21. Also two (H-
20 and H-25) of the four methine proton signals were
identified as the signals at 62.28 and 2.93 by the proton-
proton shift correlation diagram (Fig. 3).

The signal of the H-5 methine proton was assigned by
the chemical shift value (61.53) and coupling constants
(dd, J = 138, 3 Hz). Three (629.2, 34.5 and 51.2) of the
four methine carbon atom bands were therefore assigned
to C-20, C-25 and C-5 respectively. Consequently, the
remaining CH carbon atom band (§44.5) must be assigned
to C-17. In the same way, the remaining five methylene
carbon atom bands, except for C-2 in the spectrum of 3,
were assigned and they are listed in Table 2.

The off-resonance decoupling (SFORD) was used to
provide the number of directly attached protons to each
individual carbon. The multiplets are often broad due to
uncollapsed long range couplings and are difficult to
interpret in complex molecules. A more complete analysis
with respect to quarternary carbons (CH, CH; and Me
groups) was possible using spectral editing with the DEPT
pulse sequence [6]. As shown in Fig. 4, the band at 648.8
in the *3C NMR spectrum of compound 7 was apparently
assigned to a CH; carbon. Howeyver, in a previous paper
[4], this band was assigned to C-17 which was a CH
carbon atom.

The assignments of the 'H NMR and !3C NMR spec-
tral signals of the other ganoderic acid derivatives were
also performed by the techniques described above and the
results are listed in Tables 1 and 2. These results showed
that the modern NMR techniques, for example
proton—proton and proton-carbon two dimensional
NMR are powerful methods for the assignments of the
'H NMR and '3C NMR spectral signals.

- EXPERIMENTAL

Mps were uncorr. Mass spectra were run on a direct insertion
probe. NMR spectra were taken in CDCl, at 237 13C NMR at

Fig. 1. A computer-generated perspective drawing of 6.
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Fig. 4. 'H decoupled '*C NMR spectrum of compound 7 (sp® region only) and subspectra for CH, CH, and Me
groups obtained from experiments with the DEPT pulse sequence; quaternary carbons are marked by asterisks.

752 MHz and 'HNMR at 300 MHz. All the spectra were
recorded on a Varian XL-300.

Extraction and separation procedure. The cultivated fruit
bodies (1.9 kg dry wt) of G. lucidum were cut into small pieces and
extracted with 909, MeOH in H,O (13 1.) for one week at room
temp. and filtered. The residue was homogenized with 909
MeOH in H,0 (16 1) in a Waring blender and allowed to stand
for 1 week at room temp. The homogenate was filtered. The
filtrates were combined and the organic solvent was removed
under red. pres. The residue was made alkaline (pH 9) by the
addition of 5% ag. Na,CO, and extracted x 4 with CHCl, (in
total 2 1.). The aq. layer was acidified (pH 2) with 4 N H,SO, and
extracted x 5 with CHCl; (in total 3 1). The CHCI; layer was
washed with H,O and dried with Na,SO, and evaporated to
dryness (18.35g). A part of the acid fraction (17.88 g) was
methylated with ethereal CH,N, in the usual way. The meth-
ylated acid fraction (17.42 g) was subjected to chromatography
over silica gel (600g Wako gel C-200). Elution with 309, EtOAc in
Cg¢He (2.01) and 409, EtOAc in C4Hg (0.3 1) gave fraction A;
409 EtOAc in C¢H, (1.4 1) gave fraction B and a further 0.71.
gave fraction C; 40 % EtOAc in C¢Hg (0.3 1) and 50 % EtOAc in
CgHg (1.2 1) gave fraction D and after 2.25 1. yielded fraction E;
50% EtOAc in CgHg (0.751) and 609, EtOAc in C¢Hg (1.91)
gave fraction F. A mixture of compounds 2 and 3 was in fraction
D (3.4 g) and compound 1 was in fraction E (3.9 g).

Isolation and identification of methyl ganoderate A (1). Fraction
E (3.9 g) was rechromatographed on a silica gel column (200 g
Wako gel C-200) and eluted with a C4Hs—Me,CO to yield three
fractions (fractions E-1, 2 and 3). After evaporation of the solvent
of fraction E-2, compound 1 was recrystallized from CgHq to
yield colourless needles (1.10g), mp 199.5-200.5°, C;3,H,60,
(required 530.3244, [M]* m/z 530.3268); IR vKBrem~!: 3540,
3300 (OH), 2980, 2960, 2800 (CH), 1735 (COO), 1705, 1660, 1635
(CO); UV AEOH nm (log &): 249 (3.9). "H NMR and *C NMR:
see Tables 1 and 2. EIMS (direct inlet) 20 eV, m/z (rel. int.): 530
[M]* (83),512[M — H,0]" (50),494[M — 2 x H,O]" (18),392
(33), 387 (50), 386 (22), 368 (50), 364 (67), 240 (100), 171
[CoH,505]" (44), 144 [C,H,,0,]" (93), 129 [C4H03]" (50).

Isolation and structure elucidation of methyl ganoderate B (2)

and C (3). Fraction D (3.4 g) was rechromatographed on a silica
gel column (250 g Wako gel C-200) and eluted with CsHg—EtOAc
mixtures. Elution with 209, EtOAc in C4Hg (0.51) and 309
EtOAc in C¢Hg (2.4 1) gave fraction D-1; a further 0.9 1. gave
fraction D-2 (2.12 g). Fraction D-2 was rechromatographed on a
silica gel column and gave three fractions (D-2-1, D-2-2 and D-2-
3). Fraction D-2-2, after evaporation of the solvent, was re-
crystallized from CgHg—n-hexane to yield colourless crude
crystals (629 mg). Further purification was achieved by repeated
HPLC and compounds 2 and 3 were isolated from the fractions
containing the peak at 14.5min and 16.0 min, respectively.
Compound 2 (164.3mg), colourless needles, mp 203-204°,
C3 H, O, (required 530.3244, [M]* m/z 530.3252);
IR vEBrem~—1: 3560, 3540 (OH), 2960, 2920, 2870 (CH), 1730
(COO0), 1705, 1640 (CO); UV AEOHnm (log &): 250 (3.7).
'H NMR and '3C NMR spectra of 2: see Tables 1 and 2. EIMS
(direct inlet) 20 eV, m/z (rel. int): 530 [M]* (100), 512 [M
—-H,0]"* (23), 502 [M —-CO]* (74), 390 (58), 358 (95), 129
[CsHo03]" (30).

Compound 3 (115.5 mg), pale yellow needles, mp 91-93°,
Ci3HesOy  (required 586.3142, [M]* m/z 586.3156);
IR vKBr em = 1: 3400 (OH), 2960, 2920, 2870 (CH), 1735 (COO),
1710, 1690, 1660 (CO); UV AE:OH nm (log ¢): 251 (3.8). 'H NMR
and '3C NMR: see Tables 1 and 2. EIMS (direct inlet) 20 eV, m/z
{rel. int). 586 [M]* (16), 568 [M—H,O]* (37), 544
{C31HeaOs]* (79), 526 [M—HOAc]* (68), 508 [M—H,0
—~HOAc]* (21), 493 [M —H,0 —~ HOAc — Me]* (24), 415 [M
—side chain]* (16), 129 [C¢HyO5]" (100).

Methyl di-O-acetyl ganoderate A (4). This compound was
prepared from 1 (56 mg) in pyridine-Ac,O by warming to about
80° on a water bath for 3 hr. After purification, compound 4 was
recrystallized from MeOH as colourless prisms (24 mg), mp
199-200°, C;5H 500, (required 614.3454, [M]* m/z 614.3447).
IR vKBrcm™1: 2915, 2850 (CH), 1735 (COO), 1710, 1660 (CO);
UV AEQH nm (log e): 248 (4.0). 'H NMR and **C NMR: sce
Tables 1 and 2. EIMS (direct inlet) 20 eV, m/z (rel. int.): 614 [M]*
(12), 573 [C53H4505]" (28), 572 [M —C,H,0]" (75), 554 [M
—HOAc}* (24), 513 [C3,H3506]* (35), 512 [M—HOAc
—CHO]* (100), 480 [M—HOAc—OAc—Me]* (16), 411
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[C26H350.]" (14), 368 (19), 367 (18), 171 [side chain] * (19), 129
[CeHy051* (29).

Methyl di-O-acetyl ganoderate B (5). Ac;O-pyridine treatment
of 2 (59 mg) overnight at room temp. yielded the derivative §
(50 mg) after crystallization, mp 159.5-160.5°, C35H 00, (re-
quired 614.3454, [M]* m/z 614.3444); IR vEBr cm ~': 2960, 2880
(CH), 1730 (COO), 1650 (CO); UV AEtCH nm (log e): 249 (3.9).
'H NMR and !3C NMR: see Tables 1 and 2. EIMS (direct inlet)
20 eV, m/z (tel.int.y; 614 [M]* (10), 571 [M — Ac]* (100), 512[M
—Ac—AcO]* (13), 410 (13), 139 [CgH,,0,]* (8), 129
[CsHo05]" (12).

Methyl-O-acetyl ganoderate C (6) and X-ray data. Compound
3 (31 mg) was acetylated by reacting with Ac,O-pyridine and
allowing the mixture to stand at room temp. overnight. The
acetate was recrystallized from MeOH-H,O to afford pale
yellow needles (27.8 mg), mp 135-136°, C35H, 50,0 (required
628.3246, [M]* m/z 628.3242); IR vKBrcm™*: 2970, 2940 (CH),
1750, 1730 (COO), 1720, 1690 (CO); UV AECCH nm (log e): 253
(3.7; CD curve [0),,; +38380, [6]24s —17210, [6];73
+30000, [6]304 —27448, [0]30s +4187 (EtOH, ¢ = 0.054).
'H NMR and '3C NMR: see Tables 1 and 2. EIMS (direct inlet)
20 eV, m/z (rel. int.): 628 [M]* (11), 586 [M —CH,CO]* (26),
568 [M —HOAc]* (22), 457 [M —side chain]* (26), 397 [M
—side chain — HOAc]* (15), 346 (89), 191 [C,,H,,0,]* (87),
171 [side chain]* (13), 129 [C¢HyO5]* (100). X-ray data are
described in the Results and Discussion, and atomic coordinates
have been deposited at the Cambridge Crystallographic Data
Centre.

Synthesis of compound 7. Compound 1 (30 mg) was reacted
with pyridinium chlorochromate (100 mg) in 2 ml CH,CI, for
10 hr at room temp. The reaction mixture was filtered, and the
filtrate was then further filtered through a small amount of silica
gel to remove the last trace of Cr species. After removing the
CH,Cl; and purification by HPLC, compound 7 [9] was
recrystallized from MeOH to give yellow needles (6.5 mg), mp
212-213°, C3,H,,;0 (required 526.2929, [M]* m/z 526.2921),
IR vKBrcm ™~ 1: 2900, 2850 (CH), 1730 (COO), 1710, 1690, 1670
(CO). UV AEIOH nm (log ¢): 252 (3.9), CD curve [6],,5 +22330,
(61245 —5700, [8]37; + 13650, [8]305 — 13900, [6]305 +4720
(EtOH, c = 0.021). '"H NMR and '3C NMR: see Tables 1 and 2.
EIMS (direct inlet) 20 eV, m/z (rel. int.): 526 [M]* (100), 384
[C14H3;,0.)" (15), 355 [M-—side chain]® (15), 301
[CisH250,]" (45), 225 (13), 171 [side chain]* (8), 139
[CeH;,0.]" (14), 129 [CcHoO5]" (45).

Conditions for HPLC and data of ganoderic acid derivatives.
HPLC analyses were run on a Waters liquid chromatograph
5000 A instrument with a Shimadzu absorbance detector model
SPD-SA. A column (7.6 x 300 mm) packed with Unisil Q C18
was operated under the following conditions: 609, MeOH in
H,O 3.5 ml/min, compound 1 20.0 (min), compound 2 14.5 min,
compound 3 16.0 min, compound 7 13.7 min; 75% MeOH in
H,O 3.5 ml/min, compound § 10.4 min, compound 6 6.9 min;
802, MeOH in H,O 3.0 mi/min, compound 4 8.9 min.
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The conditions for NMR measurements. All the spectra were
recorded on a Varian XL-300. The heteronuclear two-
dimensional 'H-'3C chemical shift correlation diagram was
obtained using the 5 mm sample, spectral widths of 5197.5 Hz
(*3C, F,) and +500 Hz (*H, F,) and a data acquisition of 128
scans, 128 increments in t, to provide, after zero filling, a matrix
of 2048 x 512 (t,, t,) which was transformed into (F, t,)and then
to (F3, F,) using shifted sine bell functions for weighting in both
dimensions. This provided digital resolutions of 5.08 and 0.98 Hz
per point in the F, and F, domains, respectively. The refocusing
delay was 6.3 msec, the relaxation delay 1 sec.

The homonuclear 'H~'H chemical shift correlation two-
dimensional diagram was obtained using the 5 mm sample by
application of the HOMCOR. The spectral widths were F,
1210.2 Hz and F, +605.1 Hz, allowing a digital resolution of
2.368 Hz per point after zero filling and weighting with shifted
sine bell functions to obtain a matrix of 1024 x 1024 (t,, t,), which
was transformed in both dimensions as in the previous case. The
number of increments in t; was 256, scans 16 and the relaxation
delay 0.6 s.

For spectral editing with the DEPT pulse sequence spectral
widths of 3671.1 Hz and 8192 data point were used, amounting
8192 zero filling to a digital resolution 0.896 Hz per point. The
DEPT sequence was performed with 4.0 ms for the (2J)~! delay,
2 sec relaxation delay and an overall repetition time of 3.12 sec.
Pulse widths were 14.7 us for the 90° 13C and 15 psec for the 90°
'H pulse. Two DEPT spectra with (‘H) = n/2 (128 transients) I
and (*H) = 3n/4 (128 transients) II were recorded.
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