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Abstract—Two novel 3,4-seco-25,26,27-trinorlanostane triterpeniod compounds, fornicatins A and B (1 and 2) have been isolated
from the fruiting body of Ganoderma fornicatum. The structural elucidation of 1 and 2 were accomplished by extensive NMR
analysis. The relative stereochemistry of 2 was established by single crystal X-ray crystallography, which also confirmed the novel
carbon skeleton of the new triterpenoid. An ether linkage of C-4 with C-7 in 1 is unprecedented in natural triterpenoids. Both
compounds were tested for their inhibitory effects on rabbit platelet aggregation induced by PAF, ADP, or AA.

© 2004 Elsevier Ltd. All rights reserved.

The genus Ganoderma (Ganodermataceae) has been
used as folk medicine since ancient time, and it has been
included in the most highly rated herb category in terms
of multiple benefit and absence of side effects.! Gano-
derma lucidum (lingzhi) is such an example which, lately,
has gained popularity worldwide as a health-supple-
ment, especially in the Pacific regions, like Japan, China,
Korea, Taiwan, Thailand, Malaysia, Vietnam, Indone-
sia, and the United States. Researchers in China and
Japan found that Ganoderma contained ganoderic acids,
which have been claimed not only to lower blood pres-
sure and cholesterol, and inhibit platelet aggregation,”*
but also to have antitumor and antimetastatic activities.’
Ganoderic acids are the only known source of a group
of triterpenes, which have a molecular structure similar
to steroid hormones. So far, more than 110 triterpenes
have been reported to be isolated from the genus
Ganoderma.'* In fact, ganoderic acids contents are
used in Japan to determine lingzhi’s (G. lucidum) quality
and authenticity. Our recent investigation on the bio-
active triterpenoid compounds of Ganoderma fornicatum
led to the isolation of two novel trinorterpenoids, for-
nicatins A and B (1 and 2), which represented a novel
carbon skeleton of 3,4-seco-25,26,27-trinorlanostane
triterpenoid. The structures of both compounds were
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identified by extensive NMR spectroscopic means
including' '"H-'"H COSY, HMQC, HMBC, and ROESY
techniques. The stereochemistry of 2 was also confirmed
by X-ray analysis. Both compounds have been evaluated
for their in vitro inhibitory activity against platelet
aggregation induced by PAF, ADP, or AA. In this
paper, we wish to report the isolation and structural
elucidation of compounds 1 and 2.

The fruiting body of G. fornicatum (R.) Pat. (1.5kg)
purchased from Honghe Prefecture of Yunnan Prov-
ince, People’s Republic of China, were powdered and
macerated in 70% aqueous Me,CO. The extract was
filtered, concentrated in vacuo to a suitable volume, and
then partitioned between water and EtOAc. Compounds
1 and 2 were isolated from the EtOAc extract.

Since the NMR spectra of most triterpenoids reported
from the genus Ganoderma were measured in CsDsN,
this routine solvent was also selected for our NMR
experiments on the outset. However, later we found that
both 1 and 2 were unstable in CsDsN, which compli-
cated 2D NMR data collection. Switching to CD3;OD as
the NMR solvent solved the problem.

Compound 1 gave a quasi-molecular ion peak at m/z
475 [M—H] in its negative FABMS spectrum, and was
assigned a molecular formula of Cy;H4O7, which was
confirmed by HRESIMS (calecd 475.2696) and NMR
spectral data (Tables 1 and 2).
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Table 1. The '"H NMR data of compounds 1-2 (500 MHz, in ppm)

No 1

(CsDsN)

(CD;0D)

(CsDsN)

(CD,0D)

3.04-3.08 (1H, m)
2.21-2.25 (1H, overlap)

2.36-2.40 (1H, overlap)
1.83-1.80 (1H, overlap)

3.24-3.28 (1H, m)
2.29-2.24 (1H, overlap)
2.63-2.67 (1H, m)
2.22-2.26 (1H, overlap)
2.48-2.52 (1H, overlap)
2.27-2.31 (2H, overlap)
4.70 (1H, t, J = 8.0 Hz)
2.70 (1H, d, J = 16.4Hz)
2.83 (IH, d, J = 16.4Hz)
2.97-3.03 (1H, m)
1.65-1.70 (1H, overlap)
1.95-2.01 (1H, m)
1.47-1.52 (1H, overlap)
1.62-1.67 (1H, overlap)
1.04 (3H, s)

1.48 (3H, s)

1.50-1.54 (1H, overlap)
0.89 3H, d, J = 5.7 Hz)
2.46-2.50 (1H, overlap)
2.04-2.09 (1H, m)
2.59-2.65 (1H, m)
1.44-1.48 (1H, overlap)
5.04 (1H, s)

2.52-2.56 (1H, overlap)
1.48-1.52 (1H, overlap)
1.68-1.72 (1H, overlap)
2.19-2.22 (1H, overlap)
2.25-2.28 (1H, overlap)
1.93-1.97 (2H, overlap)
447 (1H, t, J = 8.2 Hz)
2.86 (1H, d, J = 16.4Hz)
2.52 (1H, d, J = 16.4Hz)
2.52-2.56 (1H, overlap)
1.70-1.74 (1H, overlap)
1.97-2.03 (1H, m)
1.43-1.47 (1H, overlap)
1.71-1.75 (1H, overlap)
0.94 (3H, s)

1.22 (3H, s)

1.47-1.51 (1H, overlap)
091 (3H, d, J = 5.7Hz)
1.83-1.89 (1H, m)
1.30-1.35 (1H, m)
2.33-2.39 (1H, m)
2.25-2.29 (1H, overlap)
4.99 (1H, s)

2 2.57-2.61 (1H, overlap) 2.35-2.39 (1H, overlap)
2.21-2.25 (1H, overlap) 2.19-2.23 (1H, m)

So 2.54-2.57 (1H, overlap) 2.17-2.19 (1H, overlap)

6 2.16-2.21 (2H, overlap) 2.12-2.17 (2H, overlap)

Tou 4.24 (1H, d, J = 3.8 Hz) 4.29 (1H, br s)

12 2.62-2.69 (2H, overlap) 2.64 (1H, d, J = 18.2Hz)

243 (1H, d, J = 18.2Hz)

15 1.98-2.02 (1H, overlap) 1.92-1.96 (1H, m)
1.34-1.39 (1H, overlap) 1.45-1.48 (1H, overlap)

16 1.96-2.00 (1H, overlap) 2.08-2.12 (1H, m)
1.39-1.44 (1H, overlap) 1.48-1.51 (1H, overlap)

170 1.65-1.68 (1H, overlap) 1.76-1.80 (1H, overlap)

18 1.03 (3H, s) 1.01 (3H, s)

19 1.68 (3H, s) 1.38 (3H, s)

20 1.46-1.50 (1H, overlap) 1.51-1.54 (1H, overlap)

21 0.84 (3H, d, J = 5.6 Hz) 0.92 (3H, d, J = 6.5Hz)

22 2.44-2.48 (1H, m) 1.84-1.87 (1H, overlap)
2.02-2.06 (1H, overlap) 1.30-1.36 (1H, m)

23 2.55-2.60 (1H, overlap) 2.30-2.36 (1H, m)
1.43-1.48 (1H, overlap) 2.22-2.28 (1H, m)

28 3.80 (1H, d, J = 10.7Hz) 3.39 (I1H, d, J = 11.0Hz)
3.62 (1H, d, J = 10.7Hz) 3.15(1H, d, J = 11.0Hz)

29 1.72 (3H, s) 1.39 (3H, s)

30 0.90 (3H, s) 1.06 (3H, s)

4.97 (1H, s) 4.75 (1H, s)
1.83 3H, s) 1.79 3H, s)
1.24 3H, s) 1.25 3H, s)

Obviously discernible in the '"H NMR spectrum (Table
1, in CsDsN) were four sharp methyl singlets at oy 0.90

Table 2. The *C NMR (DEPT) data of compounds 1-2 (125 MHz, in
ppm)

No 1 2
(CsDsN) (CD;0D) (CsDsN) (CD;0D)

1 380 38.1 (1) 327 (t) 33.0 (t)
2 2961 29.9 () 30.8 () 30.6 ()
3 1764 (s) 177.9 (s) 176.5 (s) 178.0 (s)
4 873 (s) 87.9 (s) 146.5 (s) 147.1 (s)
5 48.(d) 48.7 (d) 45.0 (d) 45.8 (d)
6 3210 326 () 35.5 () 354 ()
7 729(d) 74.1 (d) 67.9 (d) 69.0 (d)
8 1614 (s) 163.7 (5) 165.3 (s) 166.8 (s)
9 1354 (s) 136.4 (s) 137.4 (s) 138.6 (s)
10 41.6 () 422 (s) 413 (5) 419 (s)
11 199.8 (s) 2024 (s) 200.4 (s) 202.9 (s)
12509 (1) 516 () 52.1 () 52.6 ()
13 453 () 46.2 (s) 473 (s) 482 (s)
14 509 () 52.0 (s) 534 (s) 54.2 (s)
15 301 (1) 302 () 324 (1) 32.8 (1)
16 2721 27.8 (1) 278 (1) 283 (1)
17 50.2 (d) 51.1 (d) 50.1 (d) 50.9 (d)
18 18.0(q) 18.7 (q) 17.7 @) 17.8 (q)
19  255(q) 25.6 (q) 224 (q) 22.5(q)
20 362 (d) 37.1 (d) 36.2 (d) 37.1 (d)
21 18.1(q) 18.3 (q) 18.5 (q) 18.7 (q)
2 319 (1) 32.1 () 319 (t) 323 (1)
23 316 (1) 32.0 (t) 319 (1) 32.0 (t)
24 1764 (s) 177.9 (5) 176.5 (s) 177.7 (s)
28 713 (1) 713 () 115.6 (1) 115.9 (1)
29 25.0(q) 249 (q) 234 (q) 23.5(q)
30 245(q) 248 (q) 27.6 (q) 278 (q)

(3H, s), 1.03 (3H, s), 1.68 (3H, s), and 1.72 (3H, s), one
methyl doublet at oy 0.84 (3H, d, J = 5.6 Hz), and a pair
of AB doublets at oy 3.80 (1H, d, J = 10.7 Hz) and 3.62
(1H, d, J = 10.7Hz). The 3C NMR and DEPT (Table
2, in CsD;N) spectra of 1 exhibited four tertiary methyls
and one secondary methyl, nine methylenes (including
an oxymethylene), four methines (including an oxyme-
thine), four quaternary carbons (including an oxygen-
bearing one), two carboxylic carbonyl groups, and an
o,B-unsaturated ketone group [oc 161.41 (s), 135.44 (s),
199.78 (s)], which was further supported by the Ayax
absorption at 263.2 (4.6)nm in the UV spectrum.”!®
Considering the fact that the structures of triterpenoids
isolated thus far from the genus Ganoderma were similar
to those of steroids,® compound 1 was tentatively pre-
sumed to have the basic skeleton of a 25,26,27-trinor-
lanosta-24-oic acid triterpenoid with an o, -unsaturated
ketone moiety. Furthermore, comparison of the NMR
data of compound 1 with those of a known compound,
methyl lucidenate H (3), displayed that the two com-
pounds were structurally very similar in rings B, C, D,
and side chain at C-17, except for one more carbonyl
group at C-15 in compound 3.3 It could be deduced that
compound 1 also contained a conjugated system at C-§,
9, and 11, an oxygenation at C-7, and an oxymethylene
attached to C-4, which was verified by the HMBC
spectrum (Fig. 1). By detailed comparison of the '3C
NMR data of two compounds, we found that an oxy-
methine (C-3) and a quaternary carbon (C-4) of 3 were
replaced by a carboxylic group and an oxygen-occurring
quaternary carbon, respectively, in 1. These differences
could be explained to be the result of oxidative cleavage
between C-3 and C-4 of 1, which was confirmed by the
noticeable correlations of the carboxyl carbonyl carbon
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Figure 1. Key HMBC correlations of 1.

at d¢c 176.42 (s) with H-1 at oy 3.06 (1H, m), and of the
oxygenated quaternary carbon at dc 87.30 (s) with the
two oxymethylene protons at dy 3.80 and 3.62 (each 1H,
d, J = 10.7Hz) and a methyl at ég 1.72 (3H, s) in the
HMBC spectrum of 1. Meanwhile, the outstanding
HMBC crosspeak of the C-4 signal with the oxymethine
proton at oy 4.24 (1H, d, J =3.8Hz) due to H-7,
undoubtedly demonstrated that there was an oxygen-
bridge between C-4 and C-7, which also accounted for
the largely down-field shifted chemical signal of C-4 at
oc 87.30. Such an ether linkage is unprecedented in
natural triterpenoids.

The stereochemistry of the oxy-group at C-7 was estab-
lished to be B-oriented by NOE correlation of H-7 with
CHj5-30a in the ROESY spectrum (Fig. 2). The interac-
tions of the methyl at C-4 with CH3-18, along with the
correlation of H-5a with the oxymethylene proton [0y
3.62 (1H, d, J = 10.7 Hz)] in the ROESY spectrum of 1,
finally revealed the configurations of the methyl and the
oxymethylene at C-4 to have B- and o-orientations,
respectively, which also indicated that the methyl-28 was
oxygenated to the oxymethylene. Thus, compound 1
was characterized as 4,73-epoxy-28-hydroxy-11-0x0-3,4-
seco-25,26,27-trinorlanosta-8-en-3,24-dioic acid, named
fornicatin A. An attempt of growing single crystals of 1
did not succeed, and X-ray diffraction analysis of 1 could
not be realized.

Compound 2 was obtained as colorless crystals and
possessed a molecular formula C,;Hy9O4 as determined
by HRESIMS (found 459.2733, calcd 459.2747), which
revealed that the molecular formula of 2 comprised one
oxygen less than that of 1. Comparison of the '"H NMR
spectrum of 2 with that of 1 indicated that two com-
pounds bore close similarities, except that the two

doublets at dy 3.80 and 3.62 (each 1H, d, J = 10.7Hz)
arising from the oxymethylene (C-28) in 1 were replaced
by two singlets at 5.04 and 4.97 (each 1H, s), typical of
an exo-methylene, in 2. All the above data suggested
that 2 contained a double bond existing between C-4
and C-28. The presence of two carbon signals at ¢
146.53 (s) and 115.61 (t) in the *C NMR spectrum of 2
gave support to this proposition. The assignment of all
the carbons and protons of 2 was finally achieved on the
basis of 2D NMR analysis, and the structure of 2 was
elucidated to be 7p-hydroxy-11-ox0-3,4-seco-25,26,27-
trinorlanosta-4(28),8-dien-3,24-dioic acid, named for-
nicatin B.

Fortunately, compound 2 was obtained as colorless
columnar crystals after several recrystallizations. The
analysis of the single crystal X-ray diffraction'® (Fig. 3)
of 2 confirmed the structure of 2 as proposed, featuring
the new skeleton of 3,4-seco-25,26,27-trinorlanosta-3,24-
dioic acid triterpenoid.

The possibility of compounds 1 and 2 being an artifact
produced during the separation could be excluded since
the extraction and isolation processes did not involve
the use of temperatures above 60 °C or of acid and al-
kali. Compounds 1 and 2 are the first naturally occur-
ring 25,26,27-trinorlanostane triterpenoids with the
cleavage of the bond between C-3 and C-4 in ring A, and
are structurally unique among the triterpenoids previ-
ously found in the Ganoderma fungi. Furthermore, both
compounds are so far the most hydrophilic ganoderic
acids, which have ever been discovered from the genus
Ganoderma, because of the occurrence of an additional
carboxylic group in their molecules.

According to the reports that some of those ganoderic
acids could inhibit platelet aggregation,>* compounds 1
and 2 were evaluated for their in vitro inhibitory activity
against rabbit platelet aggregation induced by PAF
(platelet activating factor), ADP (adenosine diphos-
phate), or AA (arachidonic acid) using the same bio-
assay methods as previously described.!® Ginkgolide B
(BN52021) and acetylsalicylic acid (ASA) were used as
positive control, and 2% PEG (polyethylene glycol) was
used as contrast. Compounds 1 and 2 both exhibited
modest inhibitory activity on PAF-induced rabbit
platelet aggregation. Compound 1 also displayed weak

Figure 2. Key NOESY correlations of 1.
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Figure 3. X-ray crystal structure of 2.
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Table 3. Percentage inhibition of compounds 1-2 on the aggregation of rabbit platelets induced by PAF, AA, ADP (x £s, n =3)

Compound (240 pmol)

Aggregation % (Inhibition %)

PAF (4.5nmol)

ADP (5 pmol)

AA (240 pmol)

2%PEG 62.5+4.4
1 412410 (33.9£5.3)
2 44.341.7 (28.8£6.8)"
BN52021 (80.2 +4.4)
ASA

56.5£6.5

45.0£7.0 (20.6£3.6)
583+79(-3.0£24)

62.2+6.6
65.2+7.6 (—15.4+4.7)
65.4+5.4 (-16.2+8.0)

(86.0+1.8)

*P < 0.01, as compared with control (¢test).

inhibition against platelet aggregation induced by ADP. 3.

No other inhibitory effects were observed (Table 3).
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