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a b s t r a c t

Four new farnesyl phenolic compounds, ganosinensols A–D (1–4) were isolated from the 95% EtOH
extract of the fruiting bodies of Ganoderma sinense. Two pairs of enantiomers, 1/2, and 3/4 were isolated
by HPLC using a Daicel Chiralpak IE column. Their structures were elucidated from extensive spectro-
scopic analyses and comparison with literature data. The absolute configurations of 1–4 were assigned
by ECD spectra. All of these isolated compounds showed potent inhibitory activity against LPS-induced
nitric oxide production in RAW 264.7 macrophages, with IC50 values from 1.15 to 2.26 lM.

� 2016 Elsevier Ltd. All rights reserved.

Lingzhi (Ganoderma) has been used as a folk medicine for thou-
sands of years and is a well-known traditional medicine in China.
Ganoderma contains more than 100 species, with wide distribution
in China. Ganoderma sinense is recorded in Chinese pharmacopoeia
together with Ganoderma lucidum for the treatment of asthma and
hypertension.1 Recent studies showed that the mushrooms of
Ganoderma possess anti-inflammatory,2,3 immune regulation,4,5

hepatoprotective,6 antitumor7–9 and other pharmacological effects.
Previous phytochemical investigations have shown that
Ganoderma contains a variety of chemical components, including
polysaccharides, triterpenes, sterols, and so on.10

Nitric oxide (NO) is produced from L-arginine by nitric oxide
synthase (NOS) and plays an important role in the inflammatory
process. The overproduction of NO can cause various inflammatory
diseases, such as arthritis, bowel diseases, and allergic rhinitis.11–13

Therefore, regulation of the NO production is significant for the
cure of inflammation. It is reported that the extract of the mush-
rooms of Ganoderma showed remarkable anti-inflammatory activ-
ity.2,3,14 In our continuous program to find bioactive compounds
with potential inhibitory activity against NO production from the
natural sources,15,16 the EtOAc fraction from EtOH extract of

G. sinense was found to show inhibitory effect. The chemical
constituents from EtOAc fraction of G. sinense were investigated.
Four new farnesyl phenolic compounds (1–4) were isolated and
their inhibitory effects on NO production in lipopolysaccharide-
stimulated RAW 264.7 macrophages were evaluated. Herein, struc-
tural elucidation, chiral HPLC separation, absolute configuration
assignments, and NO inhibitory activity of these compounds are
described. Furthermore, a possible biogenetic pathway for com-
pounds 1 and 2 is proposed (Scheme 1).

The fruiting bodies of G. sinense17 were cut into pieces and
extracted with 95% EtOH, and the extract was successively parti-
tioned with cyclohexane, EtOAc, and n-BuOH. The EtOAc extract
was subjected to silica gel, Sephadex LH-20, ODS open column
chromatography (CC), and preparative HPLC18 to yield four new
farnesyl phenols (1–4) (Fig. 1).

Compounds 1 and 219 were isolated as yellow oil (MeOH), and
possessed a molecular formula of C30H32O8 according to the 13C
NMR and HRESIMS data at m/z 543.1999 [M+Na]+ (calcd
543.1995). The 1H, 13C NMR (Table 1), and HSQC spectra suggested
the presence of a 1,2,4-trisubstituted dihydroxybenzene structure
[dH 6.69 (1H, d, J = 8.4 Hz), 6.57 (1H, dd, J = 8.4, 2.8 Hz), 6.35 (1H,
d, J = 2.8 Hz)], a p-substituted hydroxybenzene structure [dH 7.55
(2H, d, J = 8.4 Hz), 6.78 (2H, d, J = 8.4 Hz)], one methyl group, six
methylene groups (two oxygenated), one oxygenated tertiary
carbon, eight sp2 carbons, and two ester carbonyl carbons.
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Comparison of the 1H and 13C NMR data of 1 and 2 with those of
fornicin B, which was previously isolated from Ganoderma
fornicatum,20 indicated differences at C-10/C-120/C-150. The absence
of a methyl group at dC 25.8/dH 1.63 and the existence of a methene
at dC 69.0/dH 4.50 and an E-p-coumaric acid [dC 166.4, 159.9, 144.7,
130.3, 125.0, 115.8, 114.1/dH 7.57 (1H, d, J = 16.0 Hz), 7.55 (2H, d,
J = 8.4 Hz), 6.78 (2H, d, J = 8.4 Hz), 6.40 (1H, d, J = 16.0 Hz)]21 in 1
and 2, suggested that C-120 is attached to E-p-coumaric acid and
forms one ester. The long-range correlations (Fig. 2) of H2-120

(dH 4.50) with C-100/C-100/C-110/C-130, and H3-130 (dH 1.61) with
C-100/C-110/C-120 (dC 69.0), confirmed the above speculation. The
appearance of two oxygenated carbons at dC 77.4/58.0 and the
missing of three carbons (two oxygenated) at dC 107.6 (C-10)/56.9
(10-OCH3)/16.1 (C-150) in 1 and 2, revealed the absence of a meth-
oxy group and the existence of a hydroxy group at C-150. This
deduction was further supported by the HMBC correlations
(Fig. 2) of H2-150 (dH 3.92) with C-60/C-70/C-80, and H-10 (dH 6.16)
with C-20/C-2/C-3. The E configurations of D60 ,7 and D100 ,110

double
bonds were assigned according to the NOESY correlations (Fig. 2)
of H-60 with H-80, and H-100 with H-120.

The optical rotation data ([a]20D �2) of the mix of 1 and 2
inferred that it was likely a racemic mixture. Further separation
of the enantiomers was performed on a Chiralpak IE liquid
chromatography column to yield 1 (2.0 mg, tR = 10.0 min) and 2
(1.9 mg, tR = 14.0 min) (n–hexane/isopropanol, 65:35) (Fig. 3). The
ECD spectra and optical rotation values of 1 and 2 showed their
enantiomeric relationship. The absolute configuration of C-10 in 1
was established using the ECD method developed for the
determination of the absolute configuration of 5-substituted
2-(5H)-furanones.22–24 The ECD spectrum of 1 showed negative
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Scheme 1. Plausible biogenetic pathway for compounds 1 and 2.
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Figure 1. Structures of compounds 1–4.

Table 1
1H and 13C NMR spectroscopic data for compounds 1–4a

Position 1 and 2b 3 and 4c

dC dH (J in Hz) dC dH (J in Hz)

1 147.3 151.4
2 121.8 118.4 6.68, br s
3 112.2 6.35, d (2.8) 123.6
4 150.0 118.4 6.68, br s
5 116.1 6.57, dd (8.4, 2.8) 149.4
6 116.3 6.69, d (8.4) 114.8 6.93, br s
10 77.4 6.16, br s 108.7
20 149.5 7.42, br s 148.5 7.40, s
30 131.2 135.8
40 25.0 2.26, br s 26.3 2.34, br s
50 25.0 2.26, br s 26.5 2.34, br s
60 124.6 5.18, t (6.8) 127.5 5.24, br t (6.6)
70 139.9 140.9
80 34.0 2.08, br s 35.5 2.10, br s
90 26.0 2.08, br s 27.5 2.10, br s
10’ 128.5 5.46, t (6.8) 130.3 5.46, br s
110 130.1 131.8
120 69.0 4.50, s 71.2 4.55, s
130 13.8 1.61, s 14.3 1.67, s
140 173.8 173.5
150a 58.0 3.92, s 60.0 4.00, d (12.0)
150b 3.95, d (12.0)
100 166.4 169.3
200 114.1 6.40, d (16.0) 115.4 6.33, d (16.2)
300 144.7 7.57, d (16.0) 146.7 7.61, d (16.2)
400 125.0 127.3
500900 130.3 7.55, d (8.4) 131.3 7.45, d (7.2)
600800 115.8 6.78, d (8.4) 117.0 6.80, d (7.2)
700 159.9 161.4
OCH3 52.4 3.26, s

a The assignments were based on HSQC and HMBC experiments; 13C NMR,
100 MHz.

b Measured in DMSO-d6; 1H NMR, 400 MHz.
c Measured in CD3OD; 1H NMR, 600 MHz.
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Figure 2. Key 1H–1H COSY, HMBC and NOESY correlations of 1–4.
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