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Three new sesquiterpenoids, fascicularones E, F, and G, were isolated from the liquid culture ex-
tract of the fungus Hypholoma fasciculare. Their structures were established based on spectroscopic

data.
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Introduction

As part of our ongoing investigation of biologi-
cally active compounds from fungi, we have studied
the liquid culture of the poisonous mushroom Hy-
pholoma fasciculare (nigakuritakein Japanese [1-3]),
which belongs to the family Strophariaceae. From cul-
ture filtrates of this fungal source, we isolated several
tricyclo[5.4.0.02°Jundecane skeletons, fascicularones
A, C (1), and D (2), and a tricyclo[5.3.0.0%°]decane
skeletons, fascicularone B (3) [4,5]. The tricarbo-
cyclic skeleton of fascicularones has been shown
to be biosynthesized from trans-trans farnesyl py-
rophosphate through the intermediation of a cis-
caryophyllene derivative. The structural features and
the interesting biosynthetic pathway aroused our in-
terest in these compounds. In our ongoing search for
new fascicularone derivatives from the liquid culture of
this strain, we isolated three new fascicularones E (4),
F (5), and G (6). Here, we discuss the isolation and
structural clarification of these compounds.

Results and Discussion

A filamentous fungus strain that produced fascicu-
larones was isolated from cultured tissues of fruiting
bodies of the mushroom Hypholoma fasciculare [4].
The fungus was cultured at 25 °C for 30 days in a
medium containing 4% glucose, 0.1% peptone, and
4% malt extract in distilled water. The EtOAc ex-
tract of the culture filtrate was purified by fractiona-
tion using a combination of silica gel and ODS column

chromatography to yield fascicularones E (4), F (5),
and G (6).

Fascicularone E (4) had the molecular formula
C15H2,04 according to HRFABMS and thus five de-
grees of unsaturation. The IR spectrum showed hy-
droxyls absorption at 3455 cm 1, a carbonyl absorp-
tion at 1733 cm—1, and a C-O-C group at 1016 cm 1,
13C NMR together with DEPT spectra of 4 showed one
carbonyl carbon, three methines, two methylenes, four
methyls, and four quaternary carbons. The 'H NMR
spectrum of 4 indicated the presence of four methine
protons, one of which was linked to an oxygen [0 =
2.07 (m, 1H, 4-H), 2.20 (dd, J = 7.3, 1.5 Hz, 1H, 1-H),
2.56 (dt, J=9.3, 7.3 Hz, 1H, 9-H), 4.56 (s, 1H, 2-H)],
two methylenes [6 = 1.60 (ddd, J =11.7,9.3, 2.0 Hz,
1H, 10 a-H), 1.83 (dd, J = 14.2, 3.9 Hz, 1H, 5 -
H), 1.88 (dd, J = 14.2,10.3 Hz, 1H, 5 «-H), 2.26 (dd,
J=11.7, 7.3 Hz, 1H, 10 B-H)], three singlet methyls
[6 =1.06 (s, 3H, 13-H3) 1.17 (s, 3H, 15-H3), 1.19 (s,
3H, 12-H3)], and one secondary methyl [6 = 1.33 (d,
J=6.8 Hz, 3H, 14-H3)]. The *H and *C NMR spectra
of 4 generally closely resembled those of 2 except for
the absence of methine signals assigned to C-5 in 2, the
appearance of proton and carbon signals for a methy-
lene (C-5) and a quarternary carbon (C-6), and chem-
ical shift differences in some proton and carbon sig-
nals. *H and 13C NMR shifts of 4 were fully assigned
by 2D NMR spectra including HMBC. The HMBC
correlation of 2-H with C-6 suggested that the ether
bridge was located between C-2 and C-6. The gross
structure of fascicularone E was thus clarified to be 4.
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Fig. 1. The structures of fascicularones B (3), C (1), D (2),
E (4), F (5) and G (6).

The stereostructure of 4 was ascertained by NOE ex-
periments (Fig. 2). 12-H3 was found to exhibit signif-
icant NOE interaction with 1-H and 9-H, implying the
o-orientation of 1-H and 9-H, and simultaneously es-
tablishing the cis-fusion of the four- and five-member
rings. The NOE correlation from 13-H 3 with 2-H, 13-
Hs with 10 §-H, 14-Hjz with 2-H, and 15-H3 with 10
B-H showed that 2-H, 4-H, 13-H3, and 15-H3 all had a
B-orientation, unambiguously establishing the relative
structure of fascicularone E as 4 in Fig. 1.

The molecular formula of fascicularone F (5),
Ci5H2405, was determined by HRFABMS, corre-
sponding to one more oxygen atom than that of 1.
The IR spectrum of 5 showed the presence of a hy-
droxyl (3401 cm~1) and a carbonyl (1716 cm 1) ab-
sorption. *H and *C NMR spectra of 5 correspond
well with those of 1, but are characterized by the dis-
appearance of the methylene signals of 1 and the ap-
pearance of characteristic signals due to an oxymethine
signal [6 =4.17 (t, J = 4.9 Hz, 1H, 5-H)]. An HMBC
experiment was conducted on 5 to determined the con-
nectivity of the hydroxyl group. Observation of long-
range 'H and 13C correlations among 5-H and C-3, 5-H
and C-7, and 14-H3 and C-5 showed that the hydroxyl
group was at C-5. Based on these considerations, we
clarified the planar structure of 5. The stereochemical
assignment of 5 was established by NOE experiments
(Fig. 2). NOEs from 12-H3 to 1-H and 9-H showed

Fig. 2. Selected NOE
correlations for fasci-
cularones E (4), F (5)
6 and G (6).

these protons to be on same side. NOEs from 13-H3
to 2-H, 2-H to 14-H3, 15-H3 to 4-H, and 15-H3 to 6-
H were also observed in 5, implying that 2-H, 4-H,
6-H, 13-Hg, and 15-Hgz all had B-orientation. The o-
orientation of hydroxyl group at C-5 of 5 was deduced
from the multiplicity of 5-H. Based on these results,
the relative stereostructure of 5 was clarified as shown
in Fig. 1.

The molecular formula of fascicularone G (6) was
established to be Cy17H2405 by HRFABMS. IR ab-
sorption for 6 implied the presence of ester car-
bonyl (1745 cm~1), carbonyl (1714 cm~1), and ether
(1024 cm~1). The *H NMR spectrum (Table 3) of 6
analyzed by *H-'H COSY and HMQC experiments
showed signals for four methyls including one doublet
methyl at 6 =0.98 (s, 3H, 13-H3), 1.15 (s, 3H, 15-H3),
1.18 (s, 3H, 12-H3) and 1.35 (d, J = 7.3, 3H, 14-H3),
a methylene proton at 6 = 1.65 (ddd, J = 11.7, 9.8,
2.0 Hz, 1H, 10 «-H) and 2.18 (m, 1H, 10 B-H), and
six methine protons at 6 = 2.24 (m, 1H, 4-H), 2.31
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(d, J = 7.3 Hz, 1H, 1-H), 3.05 (m, 1H, 9-H), 4.09
(d, 3 = 2.0 Hz, 1H, 5-H), 4.46 (s, 1H, 2-H), 5.04 (d,
J = 2.0, 1H, 6-H), together with a singlet at 6 = 2.16
(s, 3H, 16-H3) for a methyl of acetyl group (Table 3).
13C NMR (Table 3) and DEPT spectra demonstrated
signals characteristic of five methyls, one methylene,
six methines including two oxymethines, and five qua-
ternary carbons including two carbonyls. These data
suggested that 6 was structurally related to 2. The mass
spectrum displayed prominent fragment ions at n/z
248 corresponding to the loss of an acetoxyl group (as
acetic acid) from the molecule. The precise connectiv-
ity of 6 was established by interpretating HMBC data
summarized in Table 3. In its HMBC spectrum, the
correlation of H-6 with C-17 showed the connectivity
of the acetoxyl group at C-6. HMBC correlations be-
tween H-2 and C-5, and 5-H and C-2 indicated that the
ether bridge was located between C-2 and C-5. Based
on the above evidence, planar structure of 6 was elu-
cidated. The relative stereochemistry of fascicularone
G was found to be 6 from the following NOEs: 12-
Hs/ 1-H, 12-H3/9-H, 13-H3/2-H, 15-H3/4-H, 15-H3/10
B-H and 6-H/4-H (Fig. 2).

Fascicularones E (4), F (5), and G (6) are tri-
cyclo[5.4.0.02%undecane skeleton sesquiterpenoids.
The absolute configurations at C-1, C-4, and C-9 of
4, 5, and 6 may be biogenetically the same as those of
fascicularone A.

In a lettuce seedling assay, fascicularones E (4),
F (5), and G (6) showed radicle elongation of 180%,
160%, and 164% of controls at a concentration of
100 ppm.

Fascicularones A, C (1)-E (4), and F (5) and
naematolins [6] C and G possessing the tricy-
clo[5.4.0.0%5]undecane skeleton are rare as naturally
occurring microbial products. A similar sesquiterpene
metabolite has been reported from cultured mycelia
of Hebeloma longicaudum [7]. Biogenetically, fasci-
cularones C (1) and E (4) would be derived from cis-
fused caryophyllene by intramolecular cyclization and
further oxidation. Fascicularone F (5) would in turn be
formed by oxidation at C-5 from 1. The formation of
fascicularone G (6) would be derived from 1 by form-
ing an ether bridge between C-2 and C-5 and further
acetylation. When dissolved in CHCI3 or MeOH, only
a small amount of 4 slowly changed to fascicularone
B (3), but > 70% of 4 was left unchanged after 24 h.
To explain this interesting conversion from 4 to 3, we
propose the reaction shown in Fig. 3. The possibility of
3 being an artifact produced during separation was ex-
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Fig. 3. Plausible synthesis and biosynthetic rearrangement of
facicularone E (4) to facicularone B (3).

cluded because 3is present in amounts relatively larger
than that of 4 in a fresh crude extract of this fungus.
This reaction is thus catalyzed in vivo and 4 is con-
sidered to be a plausible biogenetic precursor of 3. To
clarify the biosynthetic pathway, we are now currently
studying these new fascicularone analogs further.

Experimental Section
General experimental procedures

Optical rotation was measured with a Horiba model
SEPA-300 polarimeter, IR spectra were recorded with
a JASCO J-20A spectrophotometer. Mass spectra were
recorded with a JEOL JMS-700 instrument, and 1H and
13C NMR spectra were obtained with a JEOL EX-400 spec-
trometer. Chemical shifts are given on a & (ppm) scale
with TMS as an internal standard. Column chromatography
was conducted on silica gel 60 (Kanto Chemical Co., Inc.)
and ODS (Fuji Silysia). TLC was done on a precoated sil-
ica gel plate (Merck), and spots were detected by spraying
10% vanillin in H,SO4 followed by heating.

Mushroom material and fermentation

The producing fungal strain was isolated from cultured
tissue of the fruiting bodies of H. fasciculare [1] and has been
deposited in the Faculty of Agriculture, Yamagata University,
Yamagata, Japan. The mycelium was grown in ten 500 ml
Sakaguchi flasks containing 100 ml of a medium consisting
of 40 g of glucose, and 1.0 g pepone per 1 | of water at 25°C
for 30 d on a rotary shaker at 120 rpm.

Extraction and isolation

Culture broth (5.0 1) of H. fasciculare was filtered under
suction and the resulting filtrate was extracted with EtOAc.
The EtOAc extract was concentrated in vacuo to give a
residue (9.9 g), which was subject to silica gel chromatogra-
phy. Stepwise elution with n-hexane, n-hexane-EtOAc (9:1 -
1:9), EtOAc, EtOAc-MeOH (1:1) and MeOH give fractions 1
through 13 (Fr. 1-1 ~ Fr. 1-13). Purification of the eluates
was monitored by the characteristic intense blue coloration
with 10% vanillin in H,SO,4 on TLC plates.

Fr. 1-5 (620 mg), Fr. 1-7 (1.3 g) and Fr. 1-9 (344 mg)
were separately chromatographed on silica gel column by
eluting with CHCI3 and increasing volume of EtOAc, suc-
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Table 1. 'H and 13C NMR data for fascicularone E (4).

Table 2. 1H and $3C NMR data for fascicularone F (5).

No. &c (Mult) & (Mult. J Hz) HMBC (Hto13C) No. &c (Mult) 84 (Mult. J Hz) HMBC (*H to 13C)
T 551d 220(IH,dd 7.3,15)  2,3,12,13 1 575d  212(1H,dd,7.8,15)  2,8,9,10,11,13
2 818d  456(lH,s) 3,6,8,9 2 790d  401(IH,9) 8,9,11
3 9L2s 3 9255
4 408d  2.07 (1H,m) 2 4 410d 239 (1H,m) 3,6, 14
5 374t  B183(IH dd 14.2,39) 3,4,6,7,14 5 726d 417 (H,t,4.9) 3,4,6,7,14
o/ 1.88 (1H, dd, 14.2,10.3) 3,4,6,7, 14 6 731d  451(IH,d, 49) 4,8

6 9305 7 21055

7 2101s 8 59.0s

8 5965 9 359d  357(1H,m) 1,7,8,10

9 417d  256(1H,dt93,7.3) 1,2,3,7,10 10 344t o 1.60 (1H, ddd,

10 343t o160 (LH, ddd, 11.7,9.8, 2.4) 1,9,11,12
11.7,93,2.0) 1,8,9,12,13 B 2.15(1H,dd, 11.7,7.8) 1,8,9, 11,12

B 2.26(1H,dd, 11.7,7.3)  1,8,9,12,13 11 328s

11 330s 12 2499  103(3H,s) 1,1011,13

12 337q LI19(3H9) 1,1011,13 13 3329  126(3H,s) 1,10, 11, 12

13 242q  1.06(3H,5) 1,10, 11, 12 14 1129  137(3H,d,7.3) 3,4,5

14 182q  133(3H,d,68) 3,4,5 15 1569 123(3H,s) 3,7,9

15 84q LI7(3H5) 3789 Taken in CDCl at 400 MHz (“H NMR) and 100 MHz (*C NMR).

Taken in CDCls at 400 MHz (*H NMR) and 100 MHz (33C NMR).

cessively subjected to column chromatography on ODS with
H,0O-MeOH (10% stepwise gradient).

50% MeOH eluate from Fr. 1-5 was further flash-
chromatographed on silica gel column using CHCl3-MeOH
(95:5, v/v) to obtain fascicularone G (6, 6.4 mg). 50% MeOH
eluate from Fr. 1-7 was subject to silica gel column chro-
matography with a mixture n-hexane-EtOAc (2:1, v/v) to ob-
tain fascicularone E (4, 3.8 mg). 40% MeOH eluate from Fr.
1-9 was flash-chromatographed on silica gel column using
CHCI3-MeOH (95:5) to obtain fascicularone F (5, 10.9 mg).

Fascicularone E (4)

Colorless oil - [a]2 —72.0 (¢ 0.23, CHCIg). - IR (KBr):
v = 3455 (OH), 2948, 2863, 1733 (C=0), 1016 (C-O-
C) em~1. — TH (400 MHz, CDCls) and 3C {*H} NMR
(100 MHz, CDCI3) data see Table 1. — HRMS (posi-
tive mode, FAB): m/z = 267.1601 [M+H"] (calcd. for
C15H2304, 267.1598). — MS (positive mode, FAB): m/z =
267 [M+H™].

Fascicularone F (5)

Colorless oil — [o]2 +84.2 (c 0.93, CH30H). - IR (KBr):
v = 3401 (OH), 2942, 2863, 1716 (C=0) cm 1. - 1H
(400 MHz, CDClz) and 13C {*H} NMR (100 MHz, CDCl5)
data see Table 2. — HRMS (positive mode, FAB): m/z =
285.1707 [M+H™] (calcd. for C15H»505, 285.1702). — MS
(positive mode, FAB): m/z= 285 [M+H™].

Fascicularone G (6)

Colorless oil - [a]% —106 (c 0.36, CHCI3). — IR (KBr):
v =3450 (OH), 2932, 1745 (COO), 1714 (C=0), 1024

Table 3. 1H and 13C NMR data for fascicularone G (6).

No. 8¢ (Mult) &4 (Mult. JHZ) HMBC (*H to 13C)
1 52.4d 231(1H,d,7.3) 2,3,10,12
2 87.2d 4.46 (1H, s) 3,5,8,9, 11
3 90.6's
4 41.9d 2.24 (1H, m) 2,3,6,8, 14
5 80.2d 4.09 (1H,d, 2.0) 2,3,4,6,7,14
6 77.2d 5.04 (1H,d, 2.0) 4,7,8,17
7 21145
8 64.9s
9 457 d 3.05 (1H, m) 1,2,3,7,10
10 347t o 1.65 (1H, ddd,
11.7,9.8,2.0) 1,8,9,12
B218(1H,m) 8,912 13
1 3295
12 32.0q 1.18 (3H,s) 1,10,13
13 246q 0.98 (3H, s) 1,10,11
14 13.7q 1.35(3H,d,7.3) 3,4,5
15 12.9q 1.15 (3H,s) 3,7,8,9
16 (CHsCO) 20.8q 2.16 (3H, 5) 17
17 (CH3CO) 1704 s

Taken in CDCl3 at 400 MHz (*H NMR) and 100 MHz (:3C NMR).

(C-0-C) cm~1. —1H (400 MHz, CDCl3) and 13C {1H} NMR
(100 MHz, CDCI3) data see Table 3. — HRMS (posi-
tive mode, FAB): m/z = 309.1705 [M+H"] (calcd. for
C17H2505, 309.1702). — MS (positive mode, FAB): m/z=
309 [M+H™]. = MS (El): m/z(%) = 308 (5) [MT], 266 (43),
248 (15) [MT-CH3COOH], 218 (61), 132 (92), 123 (100),
85 (78).

Lettuce seedling assay

This assay was performed as reported [8].
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