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Abstract

Two novel deoxysugar esters, named enteridinines A and B, were isolated from the slime mold Enteridium lycoperdon. Their
structures, including the absolute configurations of the hydroxyl and methyl groups, were determined by means of extensive

spectroscopic data such as UV, IR, MS, 1D and 2D NMR spectra. Enteridinines A and B have unique structures containing
1,7-dioxaspiro[5.5]undecanes with an O-b-d-mycarosyl-(1!4)-b-d-olivosyl and an O-b-l-olivomycosyl-(1!4)-b-d-amicetosyl-
(1!4)-b-l-digitoxosyl unit, respectively, and showed growth inhibitory activities against Gram positive bacteria.
# 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

The slime molds are heterotrophic organisms once
regarded as fungi but later classified with the Protista
(Bonner, 1985). According to a recent system of classi-
fication based on analysis of nucleic acid sequences,
slime molds have been classified in a major group called
the eukaryota, which also includes plants and animals
(Alexopoulos and Mims, 1979). There are two groups of
slime molds, the plasmodial slime molds of the phylum
Myxomycota (Myxomyceta) and the cellular slime molds
of Acrasiomycota (Stephenson and Stempen, 1994). The
slime molds are an unique group among living organisms,
and produced many biological active compounds, includ-
ing lipids (Murakami-Murofushi et al., 2002), alkaloids
(Blumenthal et al., 2002), aromatic compounds (Takaya
et al., 2001), and optical active pigments (Eisenbarth and
Steffan, 2000). This report is to continue our investigation
of slime mold active compounds (Řezanka and Dvoř-
áková, 2003) and we report the isolation and structural
determination of two novel deoxysugar esters, named
enteridinine A (1) and B (2), from Enteridium lycoperdon.
2. Results and discussion

A 30.5 g of lyophilized slime mold Enteridium lyco-
perdon were extracted by n-BuOH and subsequently
separated on a Sephadex LH-20 column. The fractions
were further purified by RP-HPLC to give enteridinine
A (1) and B (2) (Fig. 1).
Enteridinine A (1) was obtained as an amorphous

powder with [�]23D �62� but without an exact melting
point as the glycoside decomposed. The UV spectrum of
1 showed absorption maximum at 205 nm (log � 2.41),
suggesting that it had no conjugated system of double
bonds. The IR spectrum of 1 showed absorption bands
due to free hydroxyls (3600 cm�1), carboxyl (1650 cm�1)
and ether (1170 and 1040 cm�1) groups. The molecular
weight determined by positive HRFABMS was
633.4216 [M+H]+, which corresponds to a molecular
formula of C33H60O11, and negative FABMS gave two
prominent ions at m/z 501 [M�H�130]� (cleavage of a
dideoxyhexosyl unit) and m/z 357 [M�H�130�144]�

(cleavage of a dideoxyhexosyl and a dideoxymethyl-
hexosyl unit).
The ester was subjected to alkaline hydrolyzis and

enteridic acid (1a) was isolated from the reaction mix-
ture. The molecular formula of 1a (C21H39O7) was
determined by HRFABMS ([M+H]+ at m/z 403.2701).
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The 1H and 13C NMR data of the acid (1a) (Table 1)
indicated the presence of six secondarymethyls, one ethyl,
and three oxymethine groups together with one car-
boxyl group. The planar structure of 1a was determined
by analysis of the COSY, HMBC and NOESY spectra
(Figs. 2 and 3). Detailed analysis of the 1H–1H COSY
spectrum of 1a allowed construction of two partial
structures (Fig. 2). Predominantly, the presence of an
acetal group was deduced from a carbon signal at (d
97.6). In the 13C NMR spectrum the acetal carbon was
shown to be connected to two ethereal oxygens at C-3
and C-11 to form a spiroacetal structure on the basis of
the molecular formula. The HMBC data summarized in
Fig. 2 allowed us to connect the both partial structures
and the acetal group described above, establishing all of
the carbon-carbon connectivities.
The vicinal spin–spin coupling constants (J3,4=3.6

Hz, J4,5=4.5 Hz, J5,6=10.5 Hz) and the NOE corre-
lations (H-2/H-6, H-6/H-17 and H-16/H-17) indicated
that the tetrahydropyrane ring (C-3–C-7) had a chair
conformation and that the four substituents at C-3, C-4,
C-5, and C-6 of the tetrahydropyrane ring were equa-
torial, axial, equatorial, and again equatorial, respec-
tively (Fig. 3). The conformation of the six-membered
ring from C-7 to C-11 was deduced from the coupling
Fig. 1. Structures of 1 and 2.
Table 1
1H and 13C NMR data of 1a
1H
 13C
1
 —
 179.3 [�5.6]
2
 2.56 (1H, dq, J=6.7, 6.2) [�0.12]
 42.1 [�2.8]
3
 3.80 (1H, ddd, J=6.2, 3.6, 1.2) [+0.09]
 66.9 [+0.3]
4
 1.75 (1H, ddq, J=6.9, 4.5, 3.6)
 31.7
5
 4.07 (1H, ddq, J=10.5, 4.5, 1.2)
 74.5
6
 1.65 (1H, ddq, J=10.5, 7.0, 0.9)
 37.4
7
 —
 97.6
8
 1.58 (1H, dddq, J=7.0, 3.8, 1.4, 0.9)
 38.1
9
 3.61 (1H, ddd, J=4.5, 3.8, 1.2)
 72.8
10
 1.94 (1H, ddddq, J=6.9, 4.5, 3.6, 2.1, 1.4)
 33.8
11
 3.86 (1H, ddd, J=7.6, 3.6, 1.2)
 69.0
12
 2.04 (1H, dddq, J=7.0, 7.6, 4.4, 2.1)
 38.4
13
 3.41 (1H, ddd, J=8.8, 4.4, 3.6)
 72.6
14
 1.54 (1H, ddq, J=14.6, 7.3, 3.6)
 1.48
(1H, ddq, J=14.6, 8.8, 7.3)
 29.1
15
 0.87 (3H, t, J=7.3)
 10.1
16
 1.19 (3H, d, J=6.7) [�0.13]
 10.3 [+1.3]
17
 0.96 (3H, d, J=6.9)
 11.4
18
 1.06 (3H, d, J=7.0)
 11.9
19
 1.07 (3H, d, J=7.0)
 12.4
20
 0.93 (3H, d, J=6.9)
 8.3
21
 0.87 (3H, d, J=7.0)
 9.1
Values affected by ester’s shifts are indicated in the square brackets.
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constants between H-11 and H-12 (J=7.6 Hz), H-10
and H-11 (J=3.6 Hz), H-9 and H-10 (J=4.5 Hz), and
H-8 and H-9 (J=3.8 Hz). The 4JH-9,H-11=1.2 Hz was
observed and furthermore, NOE correlation between
H-8/H-10, established the stereochemistry at C-8, C-9,
C-10 and C-11, respectively (Bextermöller et al., 1998).
The stereochemistry at the spiroacetal C-7 was deter-
mined by NOE correlations between H-3/H-8, H-6/
H-12, where both ketal oxygens are in axial positions.
Thus, the relative stereochemistry (2S*, 3S*, 4S*, 5R*,
6S*, 7R*, 8R*, 9R*, 10S*, 11S*, 12R*, 13R*) of 1a was
established as depicted in Fig. 1.
The reaction MTPA-chloride (a-methoxy-a-tri-

fluoromethylphenylacetyl chloride) with the acid (1a)
having secondary hydroxyl groups on C-5, C-9 and
C-13 proceed only slowly and the yield of required ester
was very poor, therefore we used the method based on
reaction of free acid with (S)- and (R)-PGME (2-phe-
nylglycine methyl ester hydrochloride) for determin-
ation of absolute stereochemistry on C-2 (Nagai and
Kusumi, 1995). The stereochemistry of the side chain
was resolved by 1H NMR analysis of (S)-PGME ester
(1b) and (R)-PGME ester (1c) of 1a (Table 2). The
signal of methyl on C-2 (H-16) of 1b appeared more
downfield than that of 1c, and the H-3, H-4 and H-17
protons of 1c were shielded by the phenyl group and
shifted more upfield than that of 1b. These obser-
vations indicated that the configuration at C-2 was S.
On basis of the all above mentioned information, the
structure of enteridic acid (1a) was found to have the
2S, 3S, 4S, 5R, 6S, 7R, 8R, 9R, 10S, 11S, 12R, and
13R configurations.
The 1H and 13C NMR data of the saccharide units as

well as decoupling experiments of 1 were used to assign
the signals of the monosaccharide moieties (see Table 3).
As to the first monosaccharide, strong NOESY were
observed between H-l0/H-30, H-l0/H-50, and H-30/H-50,
and strong J couplings appeared between H-l0/H-2ax

0,
H-2ax

0/H-30, H-30/H-40, and H-40/H-50. These observ-
ations indicate that this monosaccharide is b-olivose
(2,6-dideoxy-b-arabino-hexopyranose) (Roush and
Brown, 1983). In the second sugar, the configuration of
three ring substituents was established through COSY
and selective 1D proton decoupling experiments. A
large 1H–1H coupling (J=9.5 Hz) between H-400 and H-
500 indicated a diaxial relationship; the hydroxyl and
methyl groups are thus equatorial. The large and small
1H–1H coupling constants (J=9.1, 2.3 Hz) between the
anomeric proton (H-100) and the adjacent methylene
protons (H-200) indicated the b-anomeric configuration.
The observed NMR data matched well with published
data (Korte et al., 1964; Wohlert et al. 1999) for
b-mycarose (2,6-dideoxy-3-C-methyl-b-ribo-hexopyr-
anose). Hydrolysis of 1 with 5% HC1 in MeOH-H2O
afforded two saccharides. By comparison with the
literature data, the first carbohydrate was identified as
2,6-dideoxy-d-arabino-hexopyranose ([a]D23 +20�)
(Miyamoto et al., 1964), whereas the second carbohy-
drate, as 2,6-dideoxy-3-C-methyl-d-ribo-hexopyranose
([�]D

23 +31�) (Regna et al., 1953; Flaherty et al., 1966).
In 1 the ester’s shift at C-1 (cca-5.6 ppm) and the

chemical shifts of H-10 (� 6.07) and C-10 (� 99.8) of oli-
vose indicated that this monosaccharide was bonded to
C-1 of 1a. The signal due to the anomeric proton (H-100)
of mycarose (� 5.01), correlating to the C-100 resonance
at � 96.4 by the HETCOR spectrum indicated that the
mycarose unit was linked to a secondary alcoholic car-
bon (C-40 of the olivose) and was determined to be
terminal by the absence of any glycosylation shift at
H-300, 400 and/or C-300, 400. The structure of 1 was enteri-
dic acid 1-O-b-d-mycarosyl-(1!4)-b- d-olivosyl ester.
Positive HRFABMS of 2 (enteridinine B) also gives a

pseudomolecular ion at m/z 791.4800 [M+H]+, corre-
sponding to the formula C40H70O15 and showed the nega-
tive FABMS with an [M�H]� ion atm/z 789 and with the
prominent fragments at m/z 645 [M�H�144]� (cleavage
of a dideoxymethylhexosyl), 531 [M�H�144�114]�

(cleavage of dideoxymethylhexosyl and a trideoxyhexosyl),
and 401 [M�H�144�114�130]� (cleavage of a dide-
oxymethylhexosyl, a trideoxyhexosyl and a dideoxyhexosyl).
The 1H NMR spectrum of 2 was similar to those of 1,

except that there were different signals at � 1.5–5.0,
suggesting the presence of three different mono-
saccharide moieties in the molecule. The 13C NMR
spectrum of 2 was also similar to those of 1. Comparison
Fig. 3. NOE correlations of 1.
Fig. 2. COSY, HMBC and NOE correlations of 1.
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Table 2
1H NMR data of (S)-PGME amide (1b) and (R)-PGME amide (1c)
No.
 1b
 1c
 �d
2
 2.76 (1H, dq, J=7.1, 6.1)
 2.76 (1H, dq, J=7.1, 6.1)
3
 3.44 (1H, dd, J=6.1, 3.6)
 3.38 (1H, dd, J=6.1, 3.6)
 [+0.06]
4
 1.86 (1H, ddq, J=6.9, 4.5, 3.6)
 1.83 (1H, ddq, J=6.9, 4.5, 3.6)
 [+0.03]
5
 4.21 (1H, dd, J=10.5, 4.5)
 4.21 (1H, dd, J=10.5, 4.5)
6
 1.65 (1H, dq, J=10.5, 7.0)
 1.65 (1H, dq, J=10.5, 7.0)
8
 1.58 (1H, dq, J=7.0, 3.8)
 1.58 (1H, dq, J=7.0, 3.8)
9
 3.61 (1H, dd, J=4.5, 3.8)
 3.61 (1H, dd, J=4.5, 3.8)
10
 1.94 (1H, ddq, J=6.9, 4.5, 3.6)
 1.94 (1H, ddq, J=6.9, 4.5, 3.6)
11
 3.86 (1H, dd, J=7.6, 3.6)
 3.86 (1H, dd, J=7.6, 3.6)
12
 2.04 (1H, ddq, J=7.0, 7.6, 4.4)
 2.04 (1H, ddq, J=7.0, 7.6, 4.4)
13
 3.41 (1H, ddd, J=8.8, 4.4, 3.6)
 3.41 (1H, ddd, J=8.8, 4.4, 3.6)
14
 1.54 (1H, ddq, J=14.6, 7.3, 3.6)
 1.54 (1H, ddq, J=14.6, 7.3, 3.6)
1.48 (1H, ddq, J=14.6, 8.8, 7.3)
 1.48 (1H, ddq, J=14.6, 8.8, 7.3)
15
 0.87 (3H, t, J=7.3)
 0.87 (3H, t, J=7.3)
16
 1.25 (3H, d, J=7.1)
 1.34 (3H, d, J=7.1)
 [�0.09]
17
 1.09 (3H, d, J=6.9)
 0.98 (3H, d, J=6.9)
 [+0.11]
18
 1.06 (3H, d, J=7.0)
 1.06 (3H, d, J=7.0)
19
 1.07 (3H, d, J=7.0)
 1.07 (3H, d, J=7.0)
20
 0.93 (3H, d, J=6.9)
 0.93 (3H, d, J=6.9)
21
 0.87 (3H, d, J=7.0)
 0.87 (3H, d, J=7.0)
CHN
 4.71 (1H, m)
 4.71 (1H, m)
o-CH
 7.36 (2H, m)
 7.36 (2H, m)
m-CH
 7.34 (2H, m)
 7.34 (2H, m)
p-CH
 7.27 (1H, m)
 7.27 (1H, m)
OCH3
 3.72 (3H, s)
 3.72 (3H, s)
Values affected by amide’s shifts [��=(�S��R) values (ppm)] are indicated in the square brackets.
Table 3
1H and 13C NMR data for the sugar residues of 1 and B 2
1H
 13C
 1H
 13C
1
 2
10
 6.07 (1H, dd, J=9.5, 2.0)
 99.8
 10
 5.98 (1H, dd, J=9.6, 2.1)
 98.6
2a
0
 1.73 (1H, ddd, J=12.1, 11.8, 9.5)
 36.4
 20a
 1.66 (1H, ddd, J=11,4, 9.6, 2.7)
 38.9
2e
0
 2.44 (1H, ddd, J=12.1, 5.4, 2.0)
 20e
 1.98 (1H, ddd, J=11.4, 3.5, 2.1)
30
 3.87 (1H, ddd, J=11.8, 9.7, 5.4)
 74.6
 30
 3.82 (1H, ddd, J=3.5, 2.8, 2.7)
 65.3
40
 4.56 (1H, dd, J=9.7, 9.2)
 73.8
 40
 3.46 (1H, dd, J=9.6, 2.8)
 76.5
50
 3.39 (1H, dq, J=9.2, 6.6)
 70.7
 50
 3.79 (1H, dq, J=9.6, 6.2)
 69.5
600
 1.23 (3H, d, J=6.6)
 16.5
 60
 1.30 (3H, d, J=6.2)
 76.5
100
 5.01 (1H, dd, J=9.1, 2.3)
 96.4
 100
 4.54 (1H, d, J=8.0)
 98.0
2a
00
 1.64 (1H, dd, J=13.5, 9.1)
 41.8
 200a
 2.03 (1H, m)
 32.1
2e
00
 1.76 (1H, dd, J=13.5, 2.3)
 200e
 1.75 (1H, m)
300
 —
 69.7
 300a
 1.92 (1H, m)
 29.8
300e
 1.73 (1H, m)
300-CH3
 1.22 (3H, s)
 26.8
 400
 3.28 (1H, ddd, J=9.9, 9.5, 5.1)
 71.6
400
 4.63 (1H, d, J=9.5)
 76.9
 500
 3.51 (1H, dq, J=9.9, 6.4)
 78.2
500
 3.87 (1H, dq, J=9.5, 6.7)
 66.8
 600
 1.29 (3H, d, J=6.4)
 19.0
600
 1.24 (3H, d, J=6.7)
 16.4
 1000
 4.77 (1H, dd, J=9.5, 2.2)
 98.5
2000a
 1.67 (1H, dd, J=12.0, 9.5)
 43.6
2000e
 2.06 (1H, dd, J=12.0, 2.2)
3000
 –
 71.5
4000
 3.13 (1H, d, J=9.3)
 77.3
5000
 3.28 (1H, dd, J=9.3, 6.3)
 68.4
6000
 1.28 (3H, d, J=6.3)
 18.0
C-3000-Me
 1.22 (3H, s)
 22.1
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of the 1H and 13C NMR data of 2 with those of 1,
revealed that 2 was a different ester.
The presence of the monosaccharides was evident by

the signals at 4.5–6.0 ppm in the 1H NMR and by the
signal at �98 ppm in the 13C NMR spectrum, corres-
ponding to the anomeric protons and carbons, respec-
tively. For a dideoxyhexose, strong J coupling between
H-10/H-2a

0 and H-40/H-50 and weak coupling
between H-10/H-2e

0, and H-2e
0/H-30, and H-30/H-40 were

observed, while the NOE patterns were strong only
between H-20 and H-40. The coupling constant of the
anomeric proton of sugar was JH-10�H-2a0=9.6 Hz and
JH-10�H-2e0=2.1 Hz. Thus the glycoside linkage of the
sugar was determined to be b. These observations indi-
cated that this monosaccharide is b-digitoxose
(2,6-dideoxy-b-ribo-hexopyranose) (Roush and Brown,
1983). The coupling constants (J=9.9 Hz) between
H-400 and H-500 of the trideoxyhexose indicate diaxial
orientations. The anomeric proton H-100 appears as
doublet (J=8.0 Hz). On the basis of data from 2D
NMR, i.e. COSY and NOE, the monosaccharide was
determined to be b-amicetose (2,3,6-trideoxy-b-erythro-
hexopyranose) (Igarashi et al., 2002). The anomeric
proton in the third sugar was founded at d 4.77 as dou-
ble of doublets (J=9.5, 2.2 Hz) which proved a methy-
lene group at the adjacent carbon. These values
indicated that anomeric proton is axial (i.e. b). The large
JH-4000,H-5000=9.3 Hz indicated that both hydrogens are
axial and C-4000-OH and C-5000-Me are equatorial. The
spectrum was very similar to mycarose, see above, but
signals of H-1000 and H-5000 protons were observed at the
higher field because of missing the anisotropy effect of
C-3000-OH. From the all above mentioned data unwound
that the third sugar is b-olivomycose (2,6-dideoxy-3-C-
methyl-b-arabino-hexopyranose) (Miyamoto et al.,
1966). The monosaccharides from the hydrolysate of 2
were purified by NH2-HPLC. After evaporation of elu-
ent, the three saccharides were obtained as colorless
syrups. The first peak (amicetose) showed the optical
rotation of �38.5� (Catelani et al., 1989). Also the 1H
NMR spectrum was in good accordance with published
data (Berti et al., 1983). Further, the optical rotation of
the second peak (digitoxose) in water ([�]D

21 �37�) was in
good agreement with literature data (Berlin et al., 1964;
Tomita et al., 1980). The optical rotation of olivomy-
cose was �21.5�, which was practically identical with
the reported value for l-olivomycose ([�]D �22�) (Berlin
et al., 1964; Toshima et al., 1991). These results indicate
that all monosaccharides of 2 are in L-forms.
Interglycosidic linkages were established by HMBC

techniques. The HMBC spectrum of 2 showed cross
peaks between the signals at 5.98 (digitoxose H-10) and
179.3 (C-1 of the non-saccharidic part), 4.54 (amicetose
H-100) and 76.5 (digitoxose C-40), and 4.77 (terminal
olivomycose H-1000) and 71.6 (amicetose C-400). Thus,
the structure of 2 was determined to be enteridic acid 1
-O-b-l-olivomycosyl-(1!4)-b-l-amicetosyl-(1!4)-b-l-
digitoxosyl ester.
The antimicrobial activities of 1 and 2 are summar-

ized in Table 4. Compound 1 inhibited predominantly
growth of Gram-positive bacteria Staphylococcus aureus
and Bacillus subtilis. It also showed a modest growth
inhibition of Gram-negative bacteria and some yeasts.
The compound 2 showed 3-fold weaker activity than 1

against the bacterial strains tested. In contrast, it exhib-
ited somewhat higher antifungal activity than 1. These
results indicate that 1 has a higher permeability into the
cells and interacts more strongly with bacteria than with
fungi.
Spiroacetal compounds are widespread as sub-

structures of naturally occurring substances from many
sources, including microorganisms, plants, fungi, and
marine organisms (Perron and Albizati, 1989). The
increasing pharmacological importance of compounds
containing spiroacetal assemblies has triggered intense
interest in their chemical synthesis (Kluge, 1986; Boivin,
1987) and they displays in vitro high activity against
different tumors (Bai et al., 1991; Hamel, 1992; Luduena
et al., 1993; Pettit, 1994). Polyether ionophores are also
naturally occurring spiroacetals, which belonging to
polyketide-derived polyether antibiotics produced by
filamentous branching bacteria and microorganisms
(Sun et al., 2003). Biosynthesis some natural com-
pounds with spiroacetal units have recently been repor-
ted (Sun et al., 2003). Our finding showed that the slime
mold produced similar structures with one spiroacetal
unit.
Proposed biosynthesis of the compound 1a is shown

in Fig. 4. Garson et al. (1994) used [1-14C]propionate
for study of siphonarins biosynthesis by injection of
[1-14C]propionate into a tissue of pulmonate limpet
Siphonaria zelandica. We concluded that the mechan-
ism of biosynthesis 1a could be the same as that of
siphonarins.
It is possible that marine invertebrates use a C3-based

de novo pathway rather than a C2 plus C1 route for
synthesis of the compounds which contain this spiro-
pyrone unit. Recently, the biosynthesis of a two toxins,
DTX-5a and DTX-5b, produced by dinoflagellate Pro-
rocentrum maculosum was studied, which also contain
Table 4

Antibacterial and antifungal activity of 1 and 2
Test organisma
 1
 2
Staphylococcus aureus
 28
 10
Bacillus subtilis
 34
 11
Escherichia coli
 6
 5
Saccharomyces cerevisiae
 9
 41
Candida albicans
 3
 12
a Samples (10 mg) were applied on 6.35 mm paper disks, and values
are diameters (mm) of inhibitory zones.
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the same spiro-pyrone unit. MacPherson et al. (2003)
showed that this fragment can be synthesized from acetate.
3. Experimental

3.1. General experimental procedures

UV spectra were measured in heptane within the range
of 200-350 nm by a Cary 118 (Varian) apparatus. A Per-
kin-Elmer Model 1310 (Perkin-Elmer, Norwalk, CT,
USA) IR spectrophotometer was used for scanning IR
spectroscopy of glycosides as neat films. NMR spectra
were recorded on a Bruker AMX 500 spectrometer
(Bruker Analytik, Karlsruhe, Germany) at 500.1 MHz
(1H), 125.7 MHz (13C) in the mixture of deuterated
pyridine and CD3OD (v/v 1:1). High- and also low-
resolution MS were recorded using a VG 7070E- HF
spectrometer (70 eV). HRFABMS (positive and/or
negative ion mode) were obtained with a PEG-400
matrix. HPLC was carried out using Shimadzu gradient
LC system (Shimadzu, Kyoto, Japan).

3.2. Plant material

The slime mold was collected near the Travni Dvur,
3.5 km southeastern of Hrusovany on Jevisovka (South
Moravia), Czech Republic, on decayed stump-wood of
Fig. 4. Proposed biosynthetic pathways 1a.
460 T. Řezanka et al. / Phytochemistry 65 (2004) 455–462



Salix alba. It was identified by the second author (R.D.)
by its physical properties.

3.3. Extraction and isolation

Sample of slime-mold (30.5 g dry weight) was extrac-
ted by 90% n-BuOH. Chromatography of the extract on
a Sephadex LH-20 column (100�5 cm) with elution of
MeOH gave organic fractions (8 ml) checked by two-
dimensional TLC [silicagel plates, n-BuOH–AcOH–
H2O (12:3:5) and CHCl3–MeOH–H2O (40:9:1)]. Frac-
tion D was further fractionated by RP-HPLC on a
C18-Bondapak column (30 cm�7.8 mm, flow rate 2.0
ml/min) with MeOH–H2O (4:1) to yield 1 (17.1 mg) and
2 (14.6 mg).

3.4. Acid hydrolysis

The �12 mg of ester (1) was refluxed in 2 M HCOOH
(0.5 ml) for 2 h. The hydrolysate was extracted three
times with EtOAc (10 ml). After separating the organic
layer, the aqueous phase was neutralized with NaHCO3
and lyophilized. The residue obtained after lyophiliza-
tion was purified on a Sepharon SGX NH2 column (7
mm, 3�150 mm) eluting with 90% MeCN to yield 1.8
mg of d-mycarose [�]D

22+31�(equilib.) and 2.1 mg of d-
olivose [�]D

21+20� (equilib.). Analogically the glycoside
2 was work-up and water fraction give 1.6 mg of L-
digitoxose [�]D

23�37�(equilib.), 1.1 mg of d-olivomycose
[�]D
23�21.5�(equilib.) and 1.2 mg of l-amicetose

[�]D
23�38.5�(equilib.).

3.5. Alkalic hydrolysis

A solution of 2 (14.2 mg) in 1 M NH4OH in a sealed
bottle was kept for 1 day at 60 �C. After acidifying to
pH 7 with acetic acid, the mixture was extracted by
CH2Cl2, the solution was then evaporated to dryness,
and the residue was chromatographed on silica gel col-
umn (10 g), using CH2Cl2–MeOH–H2O (90:10:1) to
afford 1a (8.1 mg).

3.6. (S)- and (R)-PGME amides of 1a

To a stirred solution of 1a (4 mg) and (S)-PGME (4mg)
(or (R)-PGME) in dry 1 ml DMF were successively added
benzotriazole-1-yloxy-tris(dimethylamino)phosphonium
hexafluorophosphate (8 mg), 1-hydroxybenzotriazole
hydrate (5 mg), and N-methylmorpholine (30 ml) at 0 �C.
After the mixture was stirred at room temperature for 3
h, ethyl acetate was added, and the resulting solution
was successively washed with 5% HCl, saturated
NaHCO3 solution, and brine. The organic layer was
dried over anhydrous Na2SO4 and concentrated to give
a residue which was chromatographed on silica gel with
hexane–ethyl acetate (3:1, v/v) as developing solvent to
afford the amides 1b (yield 2.9mg) and/or 1c (yield 3.2
mg) as yellow oils (Yabuuchi and Kusumi, 2000).
HRFABMS of 1b (m/z) 550.3389 [M+H]+, calcd for
[C30H47NO8+H]

+ 550.3380; HRFABMS of 1c (m/z)
550.3386 [M+H]+, calcd for [C30H47NO8+H]

+

550.3380; NMR data of both compounds, see Table 3.
Enteridinine A (1): white amorphous powder; [�]23D

�62� (c 0.15, MeOH); UV (MeOH) lmax 205 nm (log �
2.41); IR (film) �max 3600 (OH), 2900, 1650 (COOH),
C-O-C (1170 and 1040) cm�1; HRFABMS (m/z)
633.4216 [M+H]+, calcd for [C33H60O11+H]

+

633.4211; negative FABMS m/z 631 [M�H]�, m/z 501
[M�H�130]� and m/z 357 [M�H�130�144]�; NMR
data see Tables 1 and 2.
Enteridinine B (2): white amorphous powder;

[�]23D+102
� (c 0.11, MeOH); UV (MeOH) lmax 205 nm

(log � 2.40); IR (film) �max 3600 (OH), 2900, 1650
(COOH), C-O-C (1170 and 1040) cm�1; HRFABMS
(m/z) 791.4800 [M+H]+, calcd for [C40H70O15+H]

+

791.4792; negative FABMS m/z 789 [M�H]�, m/z 645
[M�H�144]�, m/z 531 [M�H�144�114]� and 401
[M�H�144�114�130]�; NMR data see Tables 1 and 2.
Enteridic acid (1a): white crystals, mp 131–133 �C;

[�]23D+38
� (c 0.08, CH2Cl2); UV (MeOH) lmax 205 nm

(log � 2.25); IR (film) �max 3580 (OH), 2910, 1645
(COOH), C-O-C (1175 and 1040) cm�1; HRFABMS
(m/z) 403.2701 [M+H]+, calcd for [C21H39O7+H]

+

403.2696; NMR data see Table 1.
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