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Abstract—Oriental crude drug, Bombyx Batryticatus, is dried silkworm larva, Bombyx mori L., which are dead and stiffened due to a
Beauveria bassiana infection. In traditional Japanese, Korean, and Chinese medicine, it is employed as analgesic and anticonvulsant.
We investigated the constituents of Bombyx Batryticatus and isolated four novel aromatics bearing 4-O-methylglucose moiety, BB-1,
2, 3, and 4 (1-4). It is speculated that these compounds are produced by an interaction between plants, insects, and microorgan-

isms.
© 2003 Elsevier Ltd. All rights reserved.

The oriental crude drug, Bombyx Batryticatus, is dried
silkworm larva, Bombyx mori L., which are dead and
stiffened due to a Beauveria bassiana infection. In tra-
ditional Japanese, Korean, and Chinese medicine, it is
employed as analgesic and anticonvulsant for treating
headaches, toothaches, tonsillitis, and convulsions.! The
chemical constituents of the crude drug, Bombyx Ba-
tryticatus, have not been reported except for ammonium
oxalate in the white powder on the body surface.! On
the other hand, cyclodepsipeptides such as bassianolide?
and beauvericin® were isolated when cultivating ento-
mopathogenic fungi, Beauveria sp., from the cultivated
mycelium as an insecticidal substance and a toxic sub-
stance to brine shrimps and mosquito larvae, respec-
tively. Beauveriolide I, II, and III showed insecticidal
activities* and inhibitory effects on lipid droplet forma-
tion.” Tenellin, bassianin,® pyridovericin, and pyrido-
macrolidin’ were also isolated from the cultivated
Beauveria sp. In our study on biologically active sub-
stances from crude drugs produced by the interactions
of insects and microorganisms, we focused on the
chemical constituents of Bombyx Batryticatus and iso-
lated a novel flavan, BB-1 (1) as the acetate (1a) and a
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novel 2-arylbenzofuran, BB-2 (2). Two novel B-carbo-
line-type alkaloids, BB-3, and BB-4 (3 and 4) were also
purified as a mixture of their acetates (3a and 4a).

Bombyx Batryticatus (20.0kg) was extracted with
methanol to give an extract (1.59 kg), which was then
partitioned between ethyl acetate and water to yield
ethyl acetate solubles (690 g). The ethyl acetate solubles
were repeatedly separated by silica gel and ODS column
chromatography to afford 2 (5.0 mg) and the mixture of
1, 3, and 4. It was difficult to isolate pure compounds
from this mixture using conventional column chroma-
tography and HPLC due to similar polarities. Its 'H
NMR spectrum indicated that the compounds in the
mixture did not bear an acetyl group. Thus, compounds
1, 3, and 4 were separated as their acetyl derivatives (1a,
3a, and 4a) obtained by reacting the mixture with acetic
anhydride and pyridine.

Compound 1a® has 1,2,3,4-tetra- and 1,2 4-trisubsti-
tuted benzene rings. Its '"H NMR and 'H-'H COSY
spectra showed a hydrogen sequence of H-2-H-4. The
resonance positions of the signals mentioned above,
along with a long range C—H coupling between C-2 and
H-6/, indicated that 1a is in the flavan class. The 'H
NMR spectrum exhibited signals due to a methoxyl and
a 2-oxyethyl group, and these two groups bind to C-4'
and C-8, respectively, from C-H couplings as follows:
C-4-0OCH;, C-7-H-1", C-8a—H-1", and C-8-H-2" (Fig.
1). In addition, '"H NMR of 1a indicated the presence of
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a 2,3,6-triacetylated 4-O-methylglucose unit and the
long range C-H coupling at C-2'-GlcH-1 implied that
the unit was bound to C-2'. Thus, it was concluded that
la is a pentaacetylated derivative of 1 (Fig. 1). Treat-
ment of 1a with sodium methoxide in methanol afforded
1.° Acid treatment of a few milligrams of 1 with hy-
drogen chloride in methanol failed to hydrolyze 1 to an
aglycone and 4-O-methylglucose since the reaction af-
forded unseparable products. A comparative study of
the CD spectrum of 1 [Ap., 276 nm (Ae —1.47)] to those
of flavans such as (25)-flavan,'” (25)-5-methoxyflavan-
7-ol,'" and (2R)-flavan-7-ol'' (Apa 276nm (Ae —0.43),
278 nm (Ae¢ —0.59), and 281 nm (A¢ +0.64), respectively)
concluded that 1 has a 2S-configuration. The 4-O-
methylglucose unit of 1 was suggested to be D-sugar
from the fact that B. bassiana can specifically produce
4-0-methyl-B-p-glucose-conjugated derivatives of the
substrates.'?

Compound 2!* showed the presence of 1,2,4-trisubsti-
tuted and 1,3,5-trisubstituted benzene rings. In addition,
the aromatic hydrogen signal was observed at ¢ 6.96,
which was coupled with the signal at § 7.28. The data is
consistent with that of moracin M (5), a benzofuran
derivative isolated from mulberry heartwoods, Morus
alba.'"* The 'H and *C NMR, and 'H-'H COSY spectra
indicates that like 1, 2 bears a 4-O-methyl-B-glucose unit
in the molecule. HMBC spectrum of 2 showed a cross
peak between C-6-GluH-1, indicating that the glucose
unit was linked to C-6 (Table 1).

— 'H 'H COSY
~— HMBC

AcO HH

Figure 1. Structure elucidation of BB-1 acetate (1a).
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A HPLC method using reversed- and normal-phase
ODS column was unsuccessful in separating 3a and 4a.
Thus, their structures were analyzed using spectral data
of the mixture.!> 'H and '*C NMR spectra (Table 2) of
the mixture displayed approximately a 2:1 ratio of 3a
and 4a and suggested structural similarities. '"H NMR
spectrum showed aromatic hydrogen signals for the
major compound 3a assignable to a 1,2,4-trisubstituted
benzene ring. Other aromatic hydrogen signals at 6 8.04
and 8.50 (d each, J = 5.0 Hz) implied the presence of a
pyridine moiety in the molecule. Moreover, 'H NMR
signals for a methyl ketone and a triacetylated 4-O-
methylglucose were observed in the aliphatic hydrogen
region. This NMR data along with the ion peak at m/z:
530 (M+) (C26H23N2010) in FAB-MS indicated that 3a
was a 4-O-methyl-B-glucose derivative of arenarine D,
B-carboline-type alkaloid isolated from Arenaria kans-
uensis'® and the C-H correlation substantiated the
structure of 3a (Fig. 2). Compound 4a showed 'H and
13C NMR signals due to the same partial structures as
those of 3a. The distinct difference of 4a and 3a was the
resonance positions of the aromatic hydrogen signals of
1,2,4-trisubstituted benzene ring, which suggested that
4a is a regional isomer of the hydroxy group at C-6.
Since natural products 3 and 4 did not bear an acetyl
group as mentioned above, their structures were con-
cluded to be the deacetylated ones of 3a and 4a.
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Table 1. 'H and '*C NMR spectral data of 1a, 1, and 2

369

BB-1 acetate (1a)*>4 BB-1 (1)*¢4 BB-2 (2)*¢4
13C lH 13C lH 13C lH
2 72.8 5.10 (1H, dd, 9.9, 2.2) 73.6 5.48 (1H, dd, 9.8, 2.3) 157.2
3 28.7 1.79 (1H, m) 30.3 1.83 (1H, m) 102.0 6.96 (1H, d, 0.9)
222 (1H, m) 2.17 (1H, m)
3a 125.4
4 25.1 2.69 (1H, ddd, 19.2, 5.5, 3.3) 25.8 2.59 (1H, dd, 15.7, 4.3) 121.9 7.44 (1H, d, 8.5)
2.93 (1H, ddd, 19.2, 10.0, 3.3) 2.67 (1H, dd, 15.7, 4.3)
4a 119.7 114.5
5 128.0 6.96 (1H, d, 8.4) 128.2 6.73 (1H, d, 8.2) 114.8 7.02 (1H, dd, 8.5, 2.1)
6 113.9 6.57 (1H, d, 8.4) 108.5 633 (1H, d, 8.2) 157.1
7 148.2 155.5 100.6 7.28 (1H, dd, 2.1, 0.9)
Ta 156.5
8 117.5 113.5
8a 154.0 155.2
g 123.8 125.5 133.4
bl 153.9 156.2 104.1 6.77 (2H, d, 2.2)
3 103.1 6.69 (1H, d, 2.4) 103.3 6.80 (1H, d, 2.4) 159.9
4 160.0 161.3 103.8 6.26 (1H, d, 2.2)
5 107.5 6.65 (1H, dd, 8.5, 2.4) 108.8 6.62 (1H, dd, 8.6, 2.4)
¢ 126.9 7.35 (1H, d, 8.5) 128.0 7.32 (1H, d, 8.6)
1" 23.8 2.87 (2H, t, 7.1) 27.7 2.89 (2H, m)
» 63.2 4.13 (IH, dt, 10.5, 7.1) 62.7 3.65 (2H, m)
4.20 (1H, dt, 10.5, 7.1)
4'0OMe 55.5 3.79 (3H, s) 55.9 3.78 (3H, s)

2400 MHz for 'H and 100 MHz for *C.
® Dissolved in CDCl;.
¢Dissolved in CD;0D.

dSignals of acetoxyl groups and 4-O-methyl glucose moiety are omitted. See Refs. 8, 9 and 13.

Microbial biotransformations of various organic com-
pounds using Beauveria sp. introduced a hydroxy group
into the substrate to yield the corresponding alcohol
derivative. Oxidation of double bond with Beauveria sp.
produced an epoxide or diol.!” Reduction of the car-
bonyl group was also reported in the biotransforma-
tion."® Furthermore, B-4-O-methylglucosylation with
Beauveria bassiana has been more commonly observed
in the biotransformation of substrates containing a
phenolic hydroxy group.!'? These reports suggested that
prenylflavan (6)'°, a constituent of mulberry leaves that
the silkworm eats, would be a source of compound 1.

Table 2. 'H and '*C NMR Spectral Data of 3a and 4a
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Figure 2. Structure elucidation of BB-3 acetate (3a).

BB-3 acetate (3a)*°

BB-4 acetate (4a)*®

13C lH 13C lH
1 135.8¢ 137.5
3 138.5 8.50 (1H, d, 5.0) 137.9 8.51 (1H, d, 4.8)
4 118.4 8.04 (1H, d, 5.0) 119.0 8.09 (1H, d, 4.8)
4a 131.2 136.3¢
4b 116.3 136.0¢
5 122.8 8.00 (1H, d, 8.6) 110.5 774 (1H, d, 2.4)
6 111.5 6.98 (1H, dd, 8.6, 2.1) 1515
7 158.3 120.8 7.28 (1H, dd, 8.8, 2.4)
8 99.6 7.15 (1H, d, 2.1) 112.5 747 (1H, d, 8.8)
8a 142.2 131.2
9 10.23 (1H, br.s) 10.23 (1H, br.s)
9a 135.8¢ 135.8¢
1-COCH; 203.2 203.1
1-COCH, 259 2.87 3H, s) 259 2.87 (3H, s)

2400 MHz for 'H and 100 MHz for *C in CDCl;.

®Signals of acetoxyl groups and 4-O-methyl glucose moiety are omitted. See Ref. 15.

¢ Assignments are interchangeable.
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The prenyl side chain of 6 would be transformed to
epoxide or diol, which is oxidatively cleaved to give an
aldehyde. Reduction of the aldehyde and 4-O-methyl-3-
glucosylation would afford 1. 2-Arylbenzofuran (5)'* of
mulberry heartwoods is thought to be the original con-
stituent of 2. Compounds 3 and 4 might be produced by
hydroxylation of 1-acetyl-B-carboline (7)* followed by
4-O-methyl-B-glucosylation. Compounds 5 and 7 have
yet to be isolated from mulberry leaves, while there are
the facts that silkworms feed only mulberry leaves and
B. bassiana is an entomopathogenic fungus. We can thus
presume that compounds 5 and 7 initially from mul-
berry leaves were transformed to compounds 2, 3, and 4
while preparing the crude drug, Bombyx Batryticatus.
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