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Two novel diterpenoids were isolated from the bulbs of Fritillaria anhuiensis S. C. Chen and S. E. Yin. Com-
pound 1 was the first diterpenoid containing a sulfonyl group isolated from nature. Compound 2 was a
novel kaurane-type diterpenoid. Their structures were determined by extensive spectroscopic analysis
(IR, MS, NMR, and X-ray diffraction). Compound 1 significantly attenuated nitric oxide (NO) production
of a macrophage cell line of Raw 264.7 cells stimulated with IFN-c.

� 2009 Elsevier Ltd. All rights reserved.
Fritillaria anhuiensis S. C. Chen and S. E. Yin is mainly distributed
in Dabie mountains in Anhui province of China. The bulbs of this
plant have been used in traditional Chinese medicine to treat
cough, sputum, and asthma.1 Previous chemical investigation re-
vealed four isosteroidal alkaloids2 and seven diterpenoids.3,4 As a
systematic approach to this species, we focused our studies on
the non-alkaloid constituents of the bulbs of F. anhuiensis. Herein,
we report on the isolation and structure elucidation of a novel sul-
fur-containing labdane-type diterpenoid as well as a novel kaura-
ne-type diterpenoid. Compound 1 is the first diterpenoid
containing a sulfonyl group isolated from nature, which signifi-
cantly attenuated nitric oxide (NO) production of a macrophage
cell line of Raw 264.7 cells stimulated with IFN-c.
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The chloroform fraction of the bulbs’ ethanol extracts was puri-
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fied by repeated column chromatography over silica gel eluted with
petroleum ether/acetone, petroleum ether/ethyl acetate and Phar-
madex LH-20 eluted with methanol to afford compounds 1 and 2.
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. Shen).
Compound 1 was obtained as colorless needles. Its molecular
formula was established as C20H30O4S by HRESI-MS at m/z
367.1944 [M+1]+ (calcd 367.1943). The IR spectrum showed
absorption bands of a sulfonyl group (1304 and 1117 cm�1) and
a carboxylic group (3422 and 1693 cm�1). The analysis of 1H and
13C NMR spectrum indicated the existence of two tertiary methyl
groups [dH 0.62, dH 1.22 (3H each, s)], an olefinic methyl (dH 1.88,
3H, s), a methylene attached to a sulfur atom (dH 3.67, 2H, br s;
dC 55.8), a methine attached to a sulfur atom (dH 3.67, 1H, br s;
dC 65.7), a trisubstituted double bond (dH 5.66, br s; dC 117.0,
139.1), as well as an exocyclic double bond [dH 4.94, 4.46 (1H each,
br s); dC 106.6, 147.9]. All those signals indicated that compound 1
had a labdane skeleton with a sulfonyl group. The sulfonyl group
was located between C-12 (dC 65.7) and C-15 (dC 55.8) according
to the HMBC correlations (Fig. 1). Thus a subunit of 3-methylsulfo-
lene was established. HMBC correlations of dH 2.00 (H-11) with dC

65.7 (C-12), dC 40.9 (C-10) as well as dC 147.9 (C-8) supported the
3-methylsulfolene that was attached to C-9 through a methylene
connection. Furthermore, the HSQC spectrum confirmed correla-
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Figure 1. Key HMBC correlations of compounds 1 and 2.
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Scheme 1. Proposed biogenesis of compound 1.

Figure 3. Key NOESY correlations of compound 2.
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tions between each proton and its related carbon signal. The ste-
reochemistry of 1 was finally confirmed unambiguously by X-ray
diffraction analysis of a single crystal obtained from acetone
(Fig. 2).5 Thus compound 1 was concluded to be 12,15-sulfonyl-
8(17),13-labdadien-19-oic acid. All the 1H and 13C NMR spectro-
scopic signals of 1 were assigned based on the 1H–1H COSY, HSQC,
and HMBC spectra.

The origin of compound 1 could be rationalized biogenetically
and traced back to compound 3 (Scheme 1), a known labdane-type
diterpenoid, which was also isolated from this plant.6 We sug-
gested that the sulfur donor might be sulfide derived from sulfate
activation, sulfate reduction, and ferredoxin-linked sulfite reduc-
tion in plants.7 After sulfuration, dehydration, and oxidation, com-
pound 1 could be formed, finally.

Compound 2 was obtained as colorless needles. The HRESI-MS
exhibited an ion peak at m/z 401.2663 [M+Na]+ (calcd 401.2668),
corresponding to the molecular formula of C23H38O4. The presence
of four rings in the structure of 2 was deduced from the molecular
formula and the 13C NMR spectrum. Analysis of NMR spectroscopic
data revealed that three tertiary methyl groups [dH 0.84, 0.85, 1.03
(3H each, s)], and a methylene attached to a hydroxy group (dH

3.73, 2H, brs; dC 60.6). Thus, compound 2 appeared to be a diterp-
enoid belonging to kaurane analog. The NMR signals at dH 2.04 (3H,
s), dC 21.6, 171.3 as well as dH 3.15 (3H, s), dC 49.2 indicated the
presence of an acetoxy group and a methoxy group. The HMBC
spectrum (Fig. 2) exhibited correlations among the proton at dH

4.45 (H-3) and the carbons at dC 171.3 (C-21), dC 38.5 (C-1), dC

23.8 (C-2), dC 28.5 (C-18), and dC 16.8 (C-19), thus the acetoxy
group was assigned to C-3 position. HMBC correlation of the singlet
at dH 3.15 with dC 87.1 allowed us to assign the methoxy group at
C-16. The relative stereochemistry of 2 was established by analysis
of its NOESY spectrum (Fig. 3). The NOESY correlations between dH

2.17 (H-13) and dH 3.15 (H-23) indicated that the methoxy group
was a orientated. The coupling constants between H-2 and H-3
were 9.6 Hz and 6.4 Hz, which indicated the 1,3-diaxial connec-
tion.8 Hence, the acetoxy group was b orientated with the equato-
rial conformation. Based on all of the spectroscopic evidence, the
structure of compound 2 was established as ent-3b-acetoxy-16a-
methoxykauran-17-ol.

Compound 1 colorless needles (acetone); mp: 159.6–160.3 �C;
½a�24 +53.2 (c 0.23, CHCl3); IR (KBr) mmax 2934, 2872, 2853, 1717,
Figure 2. The ORTEP drawing of compound 1.
1693, 1447, 1437, 1304, 1117, 887 cm�1; 1H NMR (400 MHz,
CDCl3) d 1.79 (m, H-1a), 1.41 (m, H-1b), 1.80 (m, H-2a), 1.53 (m,
H-2b), 2.12 (m, H-3a), 1.08 (m, H-3b), 1.48 (m, H-5), 1.88 (m, H-
6a), 2.02 (m, H-6b), 1.99 (m, H-7a), 2.46 (m, H-7b), 2.20 (m, H-9),
1.75 (m, H-11a), 2.00 (m, H-11b), 3.67 (m, H-12), 5.66 (br s, H-
14), 3.67 (br s, H-15), 1.89 (s, H-16), 4.94 (s, H-17a), 4.46 (s, H-
17b), 1.22 (s, H-18), 0.62 (s, H-20); 13C NMR (100 MHz, CDCl3) d
38.5, C-1; 20.0, C-2; 37.9, C-3; 44.4, C-4; 55.9, C-5; 26.3, C-6;
38.7, C-7; 147.9, C-8; 52.5, C-9; 40.9, C-10; 22.3, C-11; 65.7, C-
12; 139.1, C-13; 117.0, C-14; 55.8, C-15; 18.3, C-16; 106.6, C-17;
29.2, C-18; 184.1, C-19; 12.8, C-20; ESI-MS 367.2 [M+1]+; HRESI-
MS m/z 367.1944 [M+1]+ (calculated for C20H31O4S, 367.1943).

Compound 2 colorless needles (acetone); mp: 222.1–223.5 �C;
½a�24 �42.1 (c 0.51, CHCl3); IR (KBr) mmax 3402, 2923, 2961, 2851,
1722, 1645, 1447, 1375, 1242, 1045, 1022, 804 cm�1; 1H NMR
(400 MHz, CDCl3) d 1.79 (m, H-1a), 0.92 (m, H-1b), 1.68 (m, H-2),
4.45 (dd, J = 9.6, 6.4 Hz, H-3), 0.85 (m, H-5), 1.55 (m, H-6a), 1.33
(m, H-6b), 1.46 (m, H-7a), 1.87 (m, H-7b), 1.01 (m, H-9), 1.54 (m,
H-11), 1.58 (m, H-12), 2.17 (m, H-13), 1.61 (m, H-14), 1.30 (m,
H-15a), 1.57 (m, H-15b), 3.73 (s, H-17), 0.85 (s, H-18), 0.84 (s, H-
19), 1.03 (s, H-20), 2.03 (s, H-22), 3.15 (s, H-23); 13C NMR
(100 MHz, CDCl3) d 38.5, C-1; 23.8, C-2; 81.1, C-3; 39.2, C-4;
55.3, C-5; 20.3, C-6; 36.9, C-7; 44.4, C-8; 56.6, C-9; 37.9, C-10;
18.7, C-11; 26.1, C-12; 41.7, C-13; 42.1, C-14; 48.8, C-15; 87.1, C-
16; 60.6, C-17; 28.5, C-18; 16.8, C-19; 18.1, C-20; 171.3, C-21;
21.6, C-22; 49.2, C-23; ESI-MS 401.3 [M+Na]+; HRESI-MS m/z
401.2663 [M+Na]+ (calculated for C23H38O4Na, 401.2668).
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Nitric oxide (NO) is a short-lived free radical and signaling mol-
ecule that mediates many physiological and pathophysiological
processes, including neurotransmission and inflammation.9,10

Compounds 1 and 2 were evaluated for the activity of NO inhibi-
tion in a macrophage cell line of Raw 264.7 cells stimulated with
IFN-c according to a reported experimental procedure.11,12 The
inhibitory rate of compound 1 on NO production was 36.98% at
the concentration of 0.27 lmol/mL, whereas, compound 2 was
inactive at any concentration that was assessed.

The isolation of compound 1 adds to the structural diversity of
diterpenoids from nature. As compound 1 was also the first com-
pound with a sulfur atom from the genus of Fritillaria, it will be
interesting to explore the true biogenetic origin and the biological
role it plays in the life cycle of the plants.
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