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Abstract—Kehokorins A (1)–C (3), three novel dibenzofurans, have been isolated from field-collected fruit bodies of the myxo-
mycete, Trichia favoginea var. persimilis, and their structures were elucidated by spectral data. Kehokorin A (1) was a a-LL-rhamno-
pyranoside of kehokorin B (2), while kehokorin C (3) was a 1-demethoxy analog of 2. Kehokorin A (1) was cytotoxic against HeLa
cells with an IC50 value of 1.5 lg/mL.
� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

Myxomycetes (true slime molds) are an unusual group
of primitive organisms that may be assigned to one of
the lowest classes of eukaryotes, and chemical studies
on the secondary metabolites of the myxomycetes are
limited so far.1 During our search for bioactive natural
products from myxomycetes,2,3 we recently investigated
a field-collected sample of fruit bodies of Trichia favog-
inea var. persimilis (Trichiaceae). Here we describe the
isolation and structure elucidation of three novel
dibenzofurans, kehokorins A (1)–C (3). Kehokorins A
(1) was revealed to possess cytotoxic activity against
O

R2

OH

OMe
OMe

R1O

1   R1=α-L-Rha, R2=OMe
2   R1=H, R2=OMe
3   R1=R2=H

12

3

4
5a4a 6

7

8
9

9a9b

1'
2'

3'

4'

5'
6'

0040-4039/$ - see front matter � 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tetlet.2006.01.012

Keywords: Myxomycete; Trichia favoginea var. persimilis; Dibenzo-
furan; Fruit body; Cytotoxicity.
* Corresponding author. Tel./fax: +81 43 290 2913; e-mail: mish@
p.chiba-u.ac.jp
the HeLa human epithelial carcinoma cell line, and the
presence of a rhamnose unit proved to be important
for the cytotoxicity.
2. Results and discussion

The fruit bodies of the myxomycetes, T. favoginea var.
persimilis,4 collected in Kochi Prefecture, Japan, were
extracted with 90% MeOH and 90% acetone. The com-
bined extracts were subjected to flash chromatography
on silica gel, followed by gel filtration chromatography
using Sephadex LH-20 to give kehokorins A (1), B (2),
and C (3) in 0.06%, 0.06%, and 0.007% yield,
respectively.5

Kehokorin A (1),6 yellow amorphous solid, ½a�25D �49
(c 0.5, MeOH), showed a quasi-molecular ion peak at
m/z 513 (M+H)+ in its positive FAB mass spectrum.
The molecular formula of 1 was revealed as C27H28O10

by the HRFABMS data [m/z 513.1759, (M+H)+, D
�0.2 mmu]. The UV spectrum of 1 showed absorption
maxima at 298, 274, and 226 nm, indicating the presence
of conjugated or aromatic system(s). The 1H NMR spec-
trum of 1 in acetone-d6 (Table 1) showed signals for
three methoxy groups at dH 4.09 (3H, s), 3.92 (3H, s),
and 3.85 (3H, s) and aromatic hydrogens at dH 7.39
(1H, d, J = 7.5 Hz), 7.30 (1H, d, J = 7.5 Hz), 7.43 (1H,
s), and 7.37 and 7.00 (each 2H, d, J = 7.0 Hz; a p-substi-
tuted benzene ring). The 1H NMR also showed signals
assignable to a sugar moiety at dH 5.48 (1H, s), 4.20
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(1H, br s), 3.95 (1H, dd, J = 7.8 and 3.0 Hz), 3.55 (1H, t,
J = 7.8 Hz), 3.90 (1H, m), and one doublet methyl
group at dH 1.25 (3H, d, J = 4.5 Hz). The 13C NMR
spectrum of 1 (Table 1) gave signals due to 18 sp2

carbons, three O-methyl carbons, and a sugar moiety.
Interpretation of the 1H–1H COSY spectrum of 1 im-
plied the presence of one 6-deoxyhexose unit from the
connectivities observed from H-100 (dH 5.48, 1H, s) to
H3-6

00 (dH 1.25, 3H, d) as shown in Figure 1. The HMBC
spectrum of 1 indicated the presence of three benzene
rings, which were shown to be di-, tetra-, and penta-
substituted, as shown in Figure 1. The HMBC spectrum
also showed connectivities from the methoxy protons on
dH 4.09, 3.92, and 3.85 to sp2 quaternary carbons at dC
146.5, 144.0, and 160.1, respectively, which were
assigned to the C-1, C-6, and C-4 0 positions, respec-
tively, by the HMBC correlations shown in Figure 1.
NOE correlations were observed from the 1-OMe (dH
4.09) to H-9 (dH 7.43) and from 4 0-OMe (dH 3.85) to
H-3 0(5 0) (dH 7.00), supporting that the methoxy groups
are located on the C-1 and C-4 0 positions. The presence
of a 6-deoxyhexopyranose unit was corroborated by the
HMBC correlations for H-100/C-300, H-100/C-500, H-200/C-
300, H-200/C-400, H-300/C-400, H-400/C-300, H-400/C-500, H-400/
C-600, H-500/C-400, H3-6

00/C-400, and H3-6
00/C-500, and this

sugar unit was attached on the C-2 position (dC
145.9), revealed by the HMBC correlations observed
from H-100 (dH 5.48) to C-2 (dC 145.9). The p-substituted
benzene ring was shown to be located on the C-7 posi-
tion by the HMBC correlations from H-2 0(6 0) (dH
Table 1. 1H and 13C NMR data of kehokorins A (1), B (2), and C (3)

Position 1 (Acetone-d6)
a 2 (

dH J (Hz) dC dH

1 146.5
2 145.9
3 7.39 d 8.8 119.6 7.06 d
4 7.30 d 8.8 107.8 7.20 d
4a 154.0
5a 143.5
6 144.0
7 122.5
8 152.6
9 7.43 s 103.6 7.39 s
9a 124.8
9b 119.7
1 0 127.4
2 0 7.37 d 8.5 133.3 7.36 d
3 0 7.00 d 8.5 114.4 6.98 d
4 0 160.1
5 0 7.00 d 8.5 114.4 6.98 d
6 0 7.37 d 8.5 133.3 7.36 d
100 5.48 s 102.2
200 4.20 br s 72.2
300 3.95 dd 7.8, 3.0 72.7
400 3.55 t 7.8 73.8
500 3.90 m 70.8
600 1.25 d 4.5 18.5
1-OMe 4.09 s 61.7 4.02 s
6-OMe 3.92 s 61.1 3.90 s
4 0-OMe 3.85 s 55.8 3.84 s
8-OH

a 600 MHz for 1H and 150 MHz for 13C NMR.
b 500 MHz for 1H and 125 MHz for 13C NMR.
7.37) to C-7 (dC 122.5). Three carbons resonating at
dC 154.0, 143.5, and 152.6 were implied to bear an
oxygen atom from their 13C chemical shifts, and these
carbons were suggested to be C-4a, C-5a, and C-8,
respectively, from the HMBC spectrum (Fig. 1). Since
13 out of 14 unsaturation equivalents were accounted
for by the presence of three benzene rings and one hex-
ose unit, compound 1 was inferred to possess another
ring, which was likely to be an ether ring located be-
tween the C-4a and C-5a positions, constructing a
dibenzofuran nucleus for the basic skeleton of com-
pound 1. Low-field resonance of the remaining C-8 car-
bon (dC 152.6) suggested that this carbon bore a
hydroxyl group, and therefore the whole planar struc-
ture of kehokorin A was revealed as 1. The 6-deoxy-
hexopyranose unit was identified as rhamnose on the
basis of the 1H–1H coupling constants7 and the 13C
NMR chemical shift data (Table 1), which was con-
firmed by the HPLC analysis after enzymatic hydroly-
sis.8 The anomeric configuration for the rhamnose unit
was deduced as a from the one-bond 13C–1H coupling
constant between C-100 and H-100 (1JC–H = 170.9 Hz; lit-
erature values:9 a-anomer, 169 Hz; b-anomer, 160 Hz),
while the absolute configuration of rhamnose was
revealed as LL on the basis of HPLC analysis of the enzy-
matic hydrolysis product8 by comparison with the
authentic samples using an optical rotation detector.

The molecular formula of kehokorin B (2)10 was
revealed as C21H18O6 by the HRFABMS data [m/z
Acetone-d6)
b 3 (CDCl3)

b

J (Hz) dC dH J (Hz) dC

142.8 7.31 d 2.8 106.2
146.3 151.5

8.5 117.6 7.39 dd 8.3, 2.8 115.5
8.5 108.0 7.41 d 8.3 112.2

152.2 151.3
143.5 142.9
144.0 142.6
122.3 119.9
152.4 149.4
103.5 7.17 s 99.9
124.8 125.5
119.3 125.1
127.4 124.2

8.8 133.3 7.36 d 8.5 131.9
8.8 114.4 7.07 d 8.5 114.8

160.0 159.6
8.8 114.4 7.07 d 8.5 114.8
8.8 133.3 7.36 d 8.5 131.9

61.2
61.1 4.01 s 60.8
55.8 3.89 s 55.3

4.92 s
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Figure 1. Key 1H–1H COSY, HMBC, and NOE data of 1.
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366.1096, (M+), D �0.7 mmu], having a C6H10O4 unit
less than that of kehokorin A (1). The 1H and 13C
NMR spectral data of 2 (Table 1) as well as its UV
absorption were almost parallel to those of compound
1, except for the fact that the NMR signals due to a
rhamnose unit were not observed for compound 2.
The 1H–1H COSY, HMQC, and HMBC data suggested
that kehokorin B (2) was an aglycone of kehokorin A
(1); this was further confirmed by the enzymatic hydro-
lysis of 1 to afford an aglycon, which was identical with
kehokorin B (2) on the basis of the TLC examination
and the 1H and 13C NMR spectral data.

Kehokorin C (3)11 was obtained as a yellow amorphous
solid, and its molecular formula was determined as
C20H16O5 by its HRFABMS data (m/z 336.0984, M+,
D �1.4 mmu), possessing a CH2O unit less than that
of kehokorin B (2). Although kehokorin B (2) possessed
three methoxy groups, the 1H NMR spectrum of 3
showed signals for only two methoxy groups [dH 4.01
(3H, s) and 3.89 (3H, s)]. In the 1H NMR spectrum of
3, a doublet signal was observed at dH 7.31 assignable
to an aromatic hydrogen with meta-coupling
(J = 2.8 Hz), which was not observed in that of B (2).
This aromatic hydrogen was shown to be located on
C-1 (dC 106.2) from the HMBC correlation data (H-1/
C-2, H-1/C-3, H-1/C-9a, and H-3/C-1). Thus, it was
revealed that the methoxy group on C-1 of kehokorin
B (2) was replaced by a hydrogen for kehokorin C (3),
being consistent with the molecular formula of 3 losing
a CH2O unit.

Kehokorins A (1)–C (3) are the first example of a p-ter-
phenyl class of natural products isolated from myxomy-
cetes, although these compounds (1–3) had a kind of
structural resemblance with dictyomedins A and B,12 a
m-terphenyl class of natural products isolated from
Dictyostelium cellular slime molds, having a carboxyl
group on C-2 and another benzene ring attached on a
different position (C-4) in the dibenzofuran nucleus.
Although several types of p-terphenyl compounds had
been isolated from fungi and mushrooms,13,14 dibenzo-
furan glycoside derivatives such as kehokorin A (1) are
rare to the best of our knowledge. Cytotoxic activity
of kehokorins A (1)–C (3) against the HeLa human epi-
thelial carcinoma cell line was examined and their IC50

values were revealed to be 1.5, 7.2, and >8.4 lg/mL,
respectively, implying that the presence of a rhamnose
unit is important for the cytotoxicity. Kehokorins A
(1) exhibited antimicrobial activity weakly against
Staphylococcus aureus (a diameter of inhibition zone
10.1 mm at 50 lg per paper disc (8 mm in diameter)
but was inactive against Bacillus subtilis at that concen-
tration, while kehokorins B (2) and C (3) were inactive
against both S. aureus and B. subtilis at 50 lg/disc.
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