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Fascicularones H-K, Four New Sesquiterpenoids from the Cultured Mycelia
of the Fungus Hypholoma fasciculare

by Hironari Akasaka, Yoshihito Shiono*!), Tetsuya Murayama, and Michimasa Ikeda

Department of Bioresource Engineering, Faculty of Agriculture, Yamagata University, Tsuruoka,
Yamagata 997-8555, Japan
(phone: + 81-235-28-2873; fax: + 81-235-28-2820; e-mail: yshiono@tdsl.tr.yamagata-u.ac.jp)

The AcOEt extract of Hypholoma fasciculare yielded four new congeners, fascicularones H (4), I (5),J (6),
and K (7). All structures were unambiguously established by 1D and 2D NMR and MS data. In a lettuce seedling
assay, compounds 4-7 showed radicle elongation.

Introduction. — Hypholoma fasciculare?) is known as a bitter poisonous mushroom
distributed in northeast Japan. Phytochemical investigation of the dried fruiting bodies
of this mushroom revealed fasciculols A—F which inhibit plant growth [1-3]. Some
have also been shown to induce calmodulin inhibition [4]. We previously reported
the isolation and structure determination of fascicularones A, B (1), C, D (2), E, F
(3), and G, which contain a cis-fused four-membered ring moiety, from the mycelial cul-
ture of H. fasciculare [5—7]. These compounds promoted radicle elongation in lettuce
seedlings. In a further study of the same source, we found new fascicularone derivatives,
i.e., fascicularones H (4), I (5),J (6), and K (7). Here, we discuss the structure determi-
nation of these new compounds.?)

1 fascicularone BR = H 3 fascicularone F R= ~"1OH 2 fascicularone D R' = H, R2 = —=OH
5 fascicularone | R =OH 4 fascicularone HR = —=OH 6 fascicularone J R' = H, R2 = - OH
7 fascicularone K R' = OH, R2 = - OH

Fig. 1. Structures of fascicularones B (1), D (2), F (3), H (4), I (5), J (6), and K (7)°)

) Present address: Laboratory of Prof. Dr. Hartmut Laatsch, Institute for Organic and Biomolecular Chemis-
try, University of Gottingen, Tammannstrasse 2, D-37077 Gottingen.

2)  Also referred to as Naematoloma fasciculare.

3)  Arbitrary atom numbering (see Fig. 1); for systematic names, see Exper. Part.
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Fig. 2. Selected NOE correlations for fascicularones H (4), I (5), J (6) and K (7)

Results and Discussion. — The culture broth (5.0 1) of H. fasciculare was filtered and
the filtrate extracted with AcOEt. The AcOEt extract was separated by repeated chro-
matography yielding fascicularones H (4), I (5), J (6), and K (7) (see Exper. Part).

The molecular formula of fascicularone H (4) is C;sH,,05 according to HR-FAB-
MS data, suggesting the presence of four degrees of unsaturation or rings. The IR spec-
trum of 4 showed absorption due to OH (3388 cm™') and C=0 (1700 cm ™) groups. The
NMR data of fascicularone H (4) (Table 1) suggested that it had a structure similar to
that of fascicularone F (3) [7]. The proposed structure of 4 and its relative configuration
was confirmed by the NOE data (Fig. 2).

The "H-NMR spectrum of 4 in CD;0D showed signals due to 3 OCH, 3 CH, 1 CH,, and 4 Me (3s and 1d)
groups, which were confirmed by the ?C-NMR data, including those from the DEPT experiments, which gave 15
signals assignable to 1 C=0, 3 sp> OCH, 3 nonoxygenated sp’ CH, 1 sp’ CH,, and 4 Me groups and to 3 sp® qua-
ternary C-atoms. The 'H,"H COSY plot of 4 revealed connectivities for two different proton networks: CH,(10)/
H-C(9)/H-C(1)/H—C(2) and Me(14)/H—C(4)/H—C(5)/H—C(6). The Me groups at C(11) correlated with
C(1), C(10), and C(11), CH,(10) correlated with C(1) and C(12), and H—C(9) correlated with C(11), as estab-
lished by the HMBC data (7uble I), suggesting the presence of a substituted cyclobutane ring. HMBC correla-
tions of Me(14) with C(3) and C(5), of H—C(5) with C(3), C(7), and C(14), of H—C(6) with C(4) and C(7), and
of Me(15) with C(3) and C(7) were detected, implying a substituted cyclohexanone ring. Correlations between
H-C(2) and C(8), H-C(4) and C(2), and H-C(10) and C(8) enabled us to connect these partial structures
through a C—C bond between C(2) and C(3) and between C(8) and C(9) as shown in 4. The molecular skeleton
of 4, deduced from these results as shown in Fig. I is reminiscent of that of fascicularone F (3) [7]. The relative
configuration of 4 was deduced from NOE experiments (Fig. 2). Observation of the NOEs Me(13)/H;—C(10),
Me(13)/H-C(2), Me(15)/H—C(4), and Me(15)/H;—C(10) indicated that Me(13), Me(15), H-C(2), and H—
C(4) were all S-oriented. Compound 4 also showed NOEs from Me(14) to H—C(5) and Me(14) to H—C(6)
which were not observed in 3, implying that these protons are all a-oriented.

Fascicularone I (5) showed spectral characteristics quite similar to those of fascicu-
larone B (1) [5]. The molecular formula of 5, C;sH,,0s, was determined by HR-FAB-
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Table 1. NMR Data for Fascicularone H (4)*). In CD;0D; 6 in ppm, J in Hz.

8(C) S(H) HMBC 8(C) 8(H) HMBC
H-C(1) 582 2.12% C(8), C(10), C(11), H-C(9) 399 3.10(q,J=83)  C(1), C(7), C(8),
C(13) C(10), C(11)
H-C(2) 822 421(d, C(8),C(9),C(11)  H,—C(10) 363 1.53 (ddd,J=10.5, C(1), C(8), C(9),
J=24) 83,2.4) C(11), C(12)
cB3) 930 H,;—~C(10) 2.12%) C(1), C(8), C9),
C(11), C(12)
H-C(4) 418 240 (m) C(2),C(6),C(8), C(11) 344
C(14)
H-C(5) 764 374(t,  C(3),C(4),C(6), Me(12) 258 1.05(s) C(1), C(10), C(11),
J=49)  C(7),C(14) C(13)
H-C(6) 80.6 400(d,  C(4), C(5), C(7) Me(13) 337 121 (s) C(1), C(10), C(11),
7=49) C(12)
c@7) 2155 Me(14) 117 1.05(d,J=73)  C(3), C(4), C(5)
c®) 617 Me(15) 168 1.20 (s) C(3), C(7), C(8), C(9)

) Assignments were made based on 2D 'H,'"H-COSY, HMQC, and HMBC experiments. *) Multiplicity patterns
were unclear due to overlapping signals.

Table 2. NMR Data for Fascicularone I (5)*). In CDCls; 6 in ppm, J in Hz.

8(C) O8(H) HMBC 5(C) S(H) HMBC

H-C(1) 564 2.55(br.d, C(2),C(3), C(3), H,C(9) 338 1.62(ddd,J=11.7, C(1), C(8), C(11)

J7=178) C(9), C(11) 7.8,2.0)
H-C(2) 87.7 457 (br.s)  C(3), C(7), C(8), H,~C(9) 220 (dd, J=117,  C(7), C(8), C(11),
c(15) 7.8) c(12)
cB3) 887 Cc(10) 332
H-C(4) 422 2.49 (m) C(13) Me(11)  33.8 120 (s) C(1), C(9), C(10),

Cc(12)

H-C(5) 75.6 431 (d, C(13), C(15) Me(12)  24.1 1.08 (s) C(1), C(9), C(10),
T=11.7) c(11)

c®6) 867 Me(13) 8.0 126 (d,J=73) C(3), C(4), C(5)

c(7) 550 Me(14) 85 1.09 (s) C(@3), C(6), C(7),

C(8)
H-C(8) 37.0 2.81(q, C(1), C(2), C(3),
J=138) C(6), C(14)

Cc(15) 1749

@) Multiplicity patterns were unclear due to overlapping signals.

MS, and implies the presence of one O-atom more than in 1. The IR spectrum of 5
showed absorption bands for OH (3416 cm™) and C=0 groups (1725 cm™). 'H- and
BC-NMR data (Table 2) for 5 correspond well to those of 1, except for the presence
of an OCH signal in 5. An HMBC experiment (7able 2) established that the supposed
supplementary OH group of 5 was positioned at C(5) (correlations H—C(5)/C(13) and
C(15)). Unambiguous signal assignments in the 'H- and "C-NMR spectra of 5 were
based on HMBC experiments (7able 2). The relative configurations at C(1), C(2),
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Table 3. NMR Data for Fascicularone J (6)*). In CDCl;; 6 in ppm, J in Hz.

8(C) S(H) HMBC 5(C) 8(H) HMBC
H-C(1) 523 221-225% C(8), C(9),C(12),  H-C(9) 453 3.08 (q,J=73) C(1), C(2), C(3), C(7),
C(13) C(10), C(11)
H-C(2) 869 445(s)  C(1), C3), C(5), H,~C(10) 345 1.63 (ddd, C(1), C(8), C(9),
C(8), C(9), C(11) J=11.7,73,2.9) C(12), C(13)
cB3) 909 H;~C(10) 2.21-225Y) C(1), C(8), C(9),
C(12), C(13)
H-C@4) 415 216(g,  C(2), C3), C(6), c(1) 329
7=78)  C(8),C(14)
H-C(5) 813 411(s)  C(2), C3), C(6), Me(12) 321 1.16 (s) C(1), C(10), C(11),
C(7), C(14) c(13)
H-C(6) 77.6 376 (s)  C(4), C(7), C(8) Me(13) 245 0.97 (s) C(1), C(10), C(11),
C(12)
o7 2173 Me(14) 138 135(d,J=78) C(3),C(4), C(5)
Cc®) 640 Me(15) 126 1.14(s) C(3), C(7), C(8), C(9)

) Assignments were made based on 2D 'H,'"H-COSY, HMQC, and HMBC experiments. *) Multiplicity patterns
were unclear due to overlapping signals.

C(3), C(4), C(6), C(7), and C(8) were determined to be the same as those of 1 based on
NOE experiments (Fig. 2), and OH—C(5) was a-positioned as established by the NOE
Me(14)/H—C(5) and the 'H,'H coupling constants.

The molecular formula of fascicularone J (6) was established as C;sH,,O, by HR-
FAB-MS, indicating that 6 is an isomer of fascicularone D (2) [6]. The "H-NMR spec-
trum of 6 (7uble 3) resembled that of 2, except for the signals of H-C(4) (6 2.16 and
1.73, resp.) and H—C(6) (6 3.76 and 2.69, resp.). The 'H- and “C-NMR data of 6
were fully assigned by 2D NMR spectra, including HMBC (7able 3). The NOE experi-
ment (Fig. 2; NOEs H-C(6)/H—C(4) and Me(15)/H—C(4)) confirmed that 6 was the
epimer of 2 at C(6).

The molecular formula C;sH,,05 of fascicularone K (7) was established by HR-
FAB-MS. The '"H-NMR spectrum (7able 4) of 7 resembled that of 6, except for the
absence of the Me(15) signal, which was replaced by a CH,OH group (6(H) 3.81 and
4.02 each (d, J=10.6 Hz, CH,(15)), indicating that 7 was 15-hydroxyfascicularone J.
The HMBC experiment confirmed this tentative structure proposal, and the relative
configuration of 7 was deduced to be the same as that of 6 by the NOE experiments
(Fig. 2).

The absolute configurations of fascicularones H (4), I (5), J (6), and K (7) were not
established independently, but are assumed to be the same as in fascicularone A, whose
absolute configuration has been determined by using a modification of Mosher’s
method.

Fascicularones H (4), I (5), J (6), and K (7) showed radicle elongation of 180, 173,
165, and 184% of controls at a concentration of 100 ppm with lettuce seedlings.

Based on the structures of the fascicularones isolated so far, we propose a common
biosynthetic pathway, outlined in the Scheme. According to our proposal, compound 8
represents the biogenetic precursor of the fascicularones. Compound 8 would be
derived from the cis-fused caryophyllene by allylic oxidations, reduction of the C=C
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Table 4. NMR Data for Fascicularone K (7)?). In CD;0D; d in ppm, J in Hz.

8(C) O(H) HMBC 5(C) 8(H) HMBC
H-C(1) 545 218 (br.d, C(9),C(10),C(12), C(13) H,—C(10) 359 1.50 (¢d, C(1), C(8), C9),
J=171) J7=103,2.8) C(12), C(13)
H-C(2) 89.3 4.44 (s) C(1), C@3), C(5), C(8),  H~C(10) 2.40 (1, C(1), C(9), C(12),
C(9), C(11) 7=103) C(13)
cB3) 919 c(11l) 354
H-C(4) 45.6 2.63(q, C(2), C(3), C(6), C(8), Me(12) 33.6 1.13(s) C(1), C(10), C(11),
T=171) C(14) c(13)
H-C(5) 85.4 4.00 (d, C(2), C(3), C(6), C(14) Me(13) 254 0.99 (s) C(1), C(10), C(11),
J=19) C(12)
H-C(6) 80.8 3.70 (d, C(4), C(5), C(7), C(8)  Me(14) 152 1.30(d, C(3), C(4), C(5)
J7=19) J=171)
() 2196 H-C(15) 633 3.1 (d, C(3), C(7), C(8),
7=10.6) c©9)
c® 719 H-C(15) 4.02 (d, C(3), C(7), C(8),
7=10.6) c(9)

H-C(9) 452 289 (m)  C(1), C(2), C(3), C(7),
C(10), C(11)

) Assigments were made based on 2D 'H,'H-COSY, HMQC, and HMBC experiments.

Scheme. Plausible Biosynthetic Pathway of Fascicularones
H ©oH

OH
O  oH
4 fascicularone H 7 fascicularone K
OH OH

H

T

OH |

O oH

cis-fused caryophyllene L 8 _ fascicularone C 6 fascicularone J

fascicularone A fascicularone E 1 fascicularone B 5 fascicularone |
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bond and a subsequent transannular aldol reaction [8]. Fascicularone H (4) would, in
turn, be formed from 8 by oxidation. The formations of fascicularone J (6) and K (7)
are thought to occur via 8, followed by oxidation and intramolecular cyclization. The
formation of fascicularones B (1) and I (5), which have a tricyclo[5.3.0.0*°]decane skel-
eton, would be due to a lactonization reaction of fascicularone E [7].

We thank Ms. Teiko Yamada of the Faculty of Agriculture at Tohoku University for MS measurements.

Experimental Part

General. Column chromatography (CC): silica gel (200—-300 mesh; Kanto Chemical Co., Inc.), and ODS
(RP-18; Fuji Silysia Chemical Ltd.). TLC: silica gel Fys, (0.5 mm; Merck); detection by spraying with 10% vanil-
lin in H,SO,, followed by heating at 120°. Optical rotations: Horiba SEPA-300 polarimeter. M.p.: Yanagimoto
melting-point apparatus; uncorrected. IR Spectra: Jasco J-20A-FT-IR spectrometer, KBr pellets; 7 in cm . 'H-
and *C-NMR Spectra: Jeo! EX-400 spectrometer, at 400/100 MHz, resp.; ¢ in ppm rel. to Me,Si as internal stan-
dard; coupling constants J in Hz. EI- and FAB-MS: Jeol JMS-700 spectrometer; in m/z (rel.%).

Mushroom Material and Fermentation. The producing fungal strain was isolated from cultured tissue of the
fruiting bodies of H. fasciculare [5] and was deposited in the Faculty of Agriculture, Yamagata University, Yama-
gata, Japan. The mycelium was grown in fifty 500-ml Sakaguchi flasks containing 100 ml of a medium consisting
of glucose (40 g), and pepone (1.0 g) per 11 of H,O at 25° for 30 days on a rotary shaker at 120 rpm.

Extraction and Isolation. After the incubation period, 5.0 1 of culture broth were separated from the myce-
lium by filtration. The resulting filtrate was extracted with AcOEt. The AcOEt extract was evaporated and the
residue (9.9 g) subjected to CC (silica gel, 10% stepwise elution with hexane/AcOEt, AcOEt/MeOH 1:1, and
MeOH): (Fractions 1.1-1.13). (TLC monitoring by the characteristic intense blue spots with 10% vanillin in
H,SO,). Fr. 1.7 (1.3 g) was resubjected to CC (silica gel, CHCl;/AcOEt gradient); the 40% MeOH eluate was
further subjected to CC (silica gel, CHCl;/MeOH 95:5): 6 (10.7 mg). Fr. 1.9 (340 mg) was resubjected to CC
(silica gel, CHClL;/AcOEt gradient; then ODS, H,O/MeOH gradient); the 80% MeOH eluate was further sub-
jected to CC (silica gel, CHCly/MeOH 95 :5): 4 (5.5 mg), 5 (3.6 mg), and 7 (5.5 mg).

Fascicularone H (=rel-(2aR,2bS,4S,55,65,6aR,7R,7aR )-Decahydro-4,5,6a,7-tetrahydroxy-1,1,2b,6-tetra-
methyl-3H-cyclobut[a]inden-3-one; 4): Colorless needles. M.p. 131-134°. [a]¥ =+17.7 (¢=0.53, MeOH). IR
(KBr): 3388, 2945, 2860, 1700. 'H- and *C-NMR: see Table I. FAB-MS: 307 ([M+Na]*). HR-FAB-MS:
307.1524 ([M +Na]*, C;sH,,0sNa™; calc. 307.1521).

Fascicularone I (=rel-(2aR,2bS,3R,4R,55,5aR,6R,6aR)-Decahydro-3,4,5a-trihydroxy-1,1,2b,5-trimethyl-6,
3-(epoxymethano)cyclobutafa]pentalen-8-one; 5): Colorless oil. [a]3 =+54.0 (¢c=0.06, MeOH). IR (KBr):
3401, 2942, 2863, 1716. 'H- and "“C-NMR: Table 2. FAB-MS: 283 ([M+H]"). HR-FAB-MS: 283.1549
([M+H]", C;sHx;04, calc. 283.1545).

Fascicularone J (=rel-(2aR,2bS,4R,5R,6S,6aR,7R,7aR)-Decahydro-4,6a-dihydroxy-1,1,2b,6-tetramethyl-5,
7-epoxy-3H-cyclobut[a]inden-3-one; 6). Colorless oil. [a]¥ =—120 (¢=0.8, CHCL). IR (KBr): 3409, 2942,
2861, 1706, 1001. 'H- and *C-NMR: Table 3. EI-MS: 266 (59, M), 248 (6), 210 (59), 192 (100), 164 (14), 152
(64), 124 (100), 85 (28). HR-FAB-MS: 267.1600 ([M +H]*, C;sH,;0}, calc. 267.1598).

Fascicularone K (=rel-(2aR,2bR,4R,5R,6S,6aR,7R,7aR )-Decahydro-4,6a-dihydroxy-2b-(hydroxymethyl)-
1,1,6-trimethyl-5,7-epoxy-3H-cyclobut[aJinden-3-one; 7). Colorless oil. [a]X=—82.0 (c=0.41, MeOH). IR
(KBr): 3370, 2942, 2931, 1711, 1022. 'H- and “C-NMR: Table 4. FAB-MS: 283 ([M +H]"). HR-FAB-MS:
283.1557 ([M +H]", C;sH,;07  calc. 283.1545).

Lettuce Seedling Assay. Lettuce seeds (Lactuca sativa L.) were used for the bioassay: 15 seeds were sown in
filter paper containing a defined concentration of the test compound in a Petri dish (5 cm i.d.). Dist. H,O (1 ml,
containing 100 ppm (w/v) of Tween 80) was added to the Petri dish, and incubation was carried out at 25° under
continuous light for 7 days. The control experiments were conducted in dist. H,O. The elongation of roots and
shoots were measured and compared to those of the control.
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