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Two Novel Diterpenoids, Erinacines H and I from the Mycelia

of Hericium erinaceum
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Novel diterpenoids, erinacines H (1) and I (3), were
isolated from the cultured mycelia of Hericium erinace-
um. The structures of the compounds were determined
by interpretation of the spectral data. Erinacine H
showed stimulating activity of nerve growth factor
(NGF)-synthesis.
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Stimulators of nerve growth factor (NGF) are can-
didates for medicines for degenerative neuronal dis-
orders and peripheral nerve regeneration. Some
natural products with such activity have been report-
ed.'"'9 In previous papers, we reported the isolation
of such stimulators, hericenones C to H, from the
fruiting bodies of Hericium erinaceum and erinacines
A to G from the mycelia of the fungus.'™ In this
paper, we describe isolation of new compounds,
erinacines H and I, from the mycelia.

Materials and Methods

General procedures. Optical rotations were meas-
ured on a JASCO DIP-1000 desital polarimeter. 'H
and *C NMR spectra were recorded on a JEOL
lambda-500 spectrometer. The IR spectra were
recorded on a JASCO A-102 diffraction grating in-

frared spectrometer. FABMS and HRFABMS spec-
tra were recorded on a JEOL DX-303HF mass spec-
trometer.

Extraction and isolation. H. erinaceum was culti-
vated by shaking at 30°C for 4 weeks. The culture
was centrifuged, and the precipitate (mycelia, wet
weight; 1.50 kg) were extracted with ethanol. The ex-
tract, after concentrating the solvent, was fractionat-
ed by solvent partition between ethyl acetate and
water. The ethyl acetate-extract (40.2 g) was separat-
ed by column chromatography on silica gel using
CHCl;s-acetone and then CHCl;-MeOH mixtures of
increasing polarity, to give 11 fractions.

Fraction 3 was chromatographed using Toyopearl
HW-40 (MeOH), giving 9 fractions (Fraction 3-1 to
3-9). Erinacine I (10.3 mg) was isolated from Frac-
tion 3-5 by preparative TLC (CHCl;-MeOH, 98:2)
and then HPLC (ODS, MeOH-H,0, 9:1).

Fraction 8 was chromatographed using silica gel
(CHCI;-MeOH, 85:15), giving 11 fractions (Fraction
8-1 to 8-11). Erinacine H (6.0 mg) was isolated from
Fraction 8-5 by preparative TLC (CHCIl;-MeOH,
85:15) and then HPLC (ODS, MeOH-H,O0, 8:2).

Erinacine H (1): yellowish amorphous residue;
[o]lp+168° (¢ 0.480, MeOH). IR (KBr) vpm.x 3431,
1637, 1560 cm~'. 'H and *C NMR, see Table 1.
FABMS (positive; matrix, 3-nitrobenzyl alcohol)
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Table 1. 'H and “C NMR Data for Compounds 1-32

Compound
Position
1 (CD;0D) 2 (CDClLy) 3 (CDCly)
1 1.72 (m) 40.7 1.67 (m) 38.2 1.62 (m) 39.9
1.67 (m) 1.57 (m) 1.41 (m)
2 2.36 (dd, 8.9, 5.9) 31.6 2.34 (m) 28.8 2.27 (m) 28.7
3 144.8 145.4 2.21 (m) 139.5
4 143.5 141.6 136.1
5 139.4 138.5 2.36 (m) 39.5
6 n.d’ 47.9 42.1
7 2.26 (m) 33.9 2.36 (m) 33.2 1.51 (m) 30.4
1.51 (br.d, 15.8) 1.30 (br.d, 13.2) 1.30 (m)
8 1.63 (m) 38.8 1.61 (m) 36.3 1.51 (m) 37.0
9 n.d 49.1 48.2
10 5.60 (d, 7.9) 122.9 5.81 (d, 8.1) 119.8 2.21 (m) 26.7
1.51 (m)
11 6.77 (d, 7.9) 130.9 6.72 (d, 8.1) 145.4 4.71 (m) 79.6
12 148.3 154.0 143.1
13 3.01 (m) 34.8 3.24 (dd, 17.6, 5.9) 27.5 6.07 (s) 129.1
2.48 (d, 17.6)
14 3.55 (d, 5.9) 88.7 3.60 (d, 5.9) 84.0 110.2
15 177.9 9.31 (s) 194.2 4.77 (d, 13.9) 59.8
4.66 (d, 13.9)
16 0.98 (s) 28.7 0.93 (s) 26.3 1.01 (s) 11.4
17 1.04 (s) 24.9 0.93 (s) 23.8 0.93 (s) 23.9
18 2.86 (heptet, 6.9) 30.1 2.77 (heptet, 6.6) 26.8 2.89 (heptet, 6.7) 26.3
19, 20 1.00 (d, 6.9) 22.6 0.98 (d, 6.6) 21.4 0.98 (s) 22.3
0.96 (d, 6.9) 22.5 0.91 (d, 6.6) 21.4 0.89 (s) 21.3
1 4.36 (d, 6.6) 107.7 4.48 (d, 5.1) 104.8
2/ 3.25 (dd, 6.6, 6.6) 75.2 3.38 (dd, 5.1, 6.6) 71.5
3 3.41 (m) 77.6 3.46 (dd, 6.6, 7.0) 73.2
4’ 3.43 (m) 72.0 3.50 (m) 69.3
57 3.88 (dd, 11.6, 4.6) 66.9 3.74 (dd, 11.7, 2.9) 63.5
3.19 (m) 3.20 (dd, 11.7, 7.0)
Ac 2.01 (s) 20.7
AcCO 170.6

a Assignments were established by DEPT, HSQC, HMBC, COSY and NOESY analysis.
b Not measured because these signals were overlapped with the solvent signals.

m/z 471 [M+H]", 493 [M+Na]*. HRFABMS m/z
[M+H]*: Calcd for CysH;3s0,Na: 471.2359, Found:
471.2350.

Erinacine I (3): yellowish oil; [a]p—110° (¢ 0.98,
MeOH). IR (film) Vi 3391, 1745 cm~!. 'H and BC
NMR, see Table 1. FABMS (positive; matrix, 3-
nitrobenzyl alcohol) m/z 383 [M + Na]*. HRFABMS
m/z [M+Na]*: Caled for C»nH30O4Na: 383.2198,
Found: 383.2199.

NGF stimulating assay. Quiescent astroglial cells
from rats were used for the assay. To the cells main-
tained in wells of a 96-well microplate, compound 1
at various concentrations was added. The culture was
kept for 24 h and then NGF secreted into the culture

medium was measured by an enzyme immunoas-
Sa},'1-5,11,12-15)

Results and Discussion

Cultured H. erinaceum was extracted with ethanol
and the extract was fractionated by solvent partition

1: R = COONa*
2: R=CHO

Structure 1

between ethyl acetate and water. Repeated column
chromatography, TLC, and HPLC of the ethyl
acetate-extract gave two new compounds.

The molecular formula CysH350,Na of erinacine H
(1) was determined by HRFABMS of the [M+ H]*
ion (471.2350, calcd. 471.2359). The “C and 'H
NMR data were similar to those of erinacine A (2)



H—C

Fig. 1.

HMBC Correlations of Erinacines H (1) and I (3).

(Table 1); both being diterpenoids with a ‘‘cyathane’’
skeleton and a xylose moiety.>'%!” The sugar part of
1 was confirmed by HCI hydrolysis of 1 followed by
HPLC analysis of the resulting monosaccharide
(data not shown). Compound 1 differs from erinacine
A (2) by the presence of a carboxyl group (J 177.9 in
BC NMR) instead of a formyl group of 2. The com-
plete planar structure was determined by interpreta-
tion of HMBC correlations (Fig. 1). The relative
stereochemistry was determined by NOESY experi-
ment; the NOE appeared between H14/H16, H7a (6
1.51)/H16, and H7b (6 2.26)/H-17. The absolute
configuration of 1 was deduced by comparison of its
[o]lp+168° (¢ 0.480, MeOH) with that [+216° (c
0.280, MeOH)] of 2 whose absolute configuration is
known.”

Erinacine I (3) has the molecular formula C»H3,0,
as found by HRFABMS of the [M+Na]* ion
(383.2199, calcd. 383.2198). The structure was main-
ly determined by HMBC experiment (Fig. 1). This
structure could exist as the keto-ketol tautomeric pair
at C14. In fact, this compound always gave two spots
on TLC. However, the keto form of the compound
was not observed under NMR measuring conditions.
The relative stereochemistry was partially determined
on the basis of NOESY data. Observed cross peaks
are as follows; H5/H17, H5/H10a (6 1.51), H16/
H10b(d 2.21). The stereochemistry at C11 and C14
could not be clarified by the NOESY experiments.
However, the relative stereochemistry probably is as
3, because its 'H and *C NMR data were very similar
with those of 4 which was isolated from the bird’s
nest fungus Cyathus helenae.'®'” The absolute con-
figuration of 3 was deduced by comparison of its
optical rotation with those of 5 and 6 whose absolute
configurations have been determined: 3, [a]p—110°
(c 0.98, MeOH); 5, —154° (c 0.24, MeOH); 6,
—155° (¢ 0.26, MeOH).!"

Erinacine H (1) showed stimulating activity to the
synthesis of NGF using astroglial cells. The amounts
(31.5+1.7 pg/ml) of NGF secreted into the medium
in the presence of 33.3 ug/ml of 1 was five times
greater than those in the absence of the com-
pound. -5 1112-19)
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