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Castanolide (1) and epi-castanolide (2), two novel diterpenoids possessing a unique seco-norabietane
skeleton, were isolated from Salvia castanea Diels f. pubescens Stib. Their structures and relative stereo-
chemistry were elucidated by extensive NMR analysis and confirmed by single-crystal X-ray diffraction
study. A possible biosynthetic pathway of these two compounds was also proposed.

� 2010 Elsevier Ltd. All rights reserved.
Salvia, the largest genus in the family Labiatae, is distributed tract, which was then partitioned between H2O (3 L) and EtOAc
Table 1
1H (500 MHz) and 13C (125 MHz) NMR data of 1 and 2 in CDCl3 (d in ppm, J in Hz)

No. 1 2

dH (mult, J, Hz) dC (mult) dH (mult, J, Hz) dC (mult)

1d 1.67 m 32.7 t 1.29 m 32.6 t
1b 1.90 m 2.02 m
2a 1.64 m 19.2 t 1.69 m 19.2 t
2b 1.73 m 1.76 m
3a 1.41 m 40.5 t 1.32 m 40.7 t
3b 1.55 m 1.63 m

4 32.9 s 33.2 s
5 2.33 dd (13.5, 1.5) 46.4 d 1.70 m 49.2 d

6a 1.82 m 16.9 t 1.82 m 17.6 t
6b 1.28 m 1.46 m
7a 1.92 m 34.9 t 2.11 m 34.2 t
7b 2.16 m 2.35 m

8 86.0 s 85.5 s
9 162.9 s 163.6 s

10 40.3 s 40.4 s
11 5.64 s 116.5 d 6.09 s 113.1 d
12 163.4 s 163.5 s
13 7.04 br d (1.0) 149.0 d 7.20 br d (1.0) 150.8 d
14 131.7 s 128.2 s
15 171.8 s 171.8 s
16 1.96 d (1.0) 10.7 q 1.90 d (1.0) 10.5 q
17 0.82 s 21.9 q 0.85 s 21.7 q
widely in the world.1 Many species of this genus are used as folk
medicine to treat various ailments throughout the world.2 The
genus of Salvia is a large pool of diterpenoids with structural diver-
sity and biological properties.3 Our previous studies of Salvia spe-
cies have reported many new compounds including two novel
diterpenoids.4 Salvia castanea Diels f. pubescens Stib., a herb with
castaneous flowers distributed in the southwest of China, has not
been chemically studied before.5 Aiming at searching for structur-
ally interesting and bioactive diterpenoids from the Salvia species,
we chemically investigated S. castanea Diels f. pubescens Stib. and
isolated two novel diterpenoids, castanolide (1) and its epimer
epi-castanolide (2). Compounds 1 and 2 have a unique seco-nora-
bietane skeleton, which features a six-membered a,b-unsaturated
lactone ring and a five-membered a-methyl-a,b-unsaturated
c-spirolactone moiety. To the best of our knowledge, this is the
first report of norabietane diterpenoids with a six-membered
a,b-unsaturated lactone ring. Described herein are the isolation,
structural elucidation, and plausible biogenetic pathway of 1 and 2.

The whole plant of S. castanea Diels f. pubescens Stib. was col-
lected in Zhongdian county of Yunnan province, PRC, and identified
by Professor X. W. Li of Kunming Institute of Botany, Chinese Acad-
emy of Sciences (voucher no. 200501). The air-dried and powdered
sample (11.5 kg) was extracted with acetone (3 � 30 L � 24 h) at
room temperature and evaporated in vacuum to give a crude ex-
ll rights reserved.

: +86 871 5215783.
hao).
(3 � 2 L). The EtOAc extract was subjected to column chromatogra-
18 0.98 s 33.1 q 1.00 s 33.4 q
19a 4.85 d (11.0) 70.0 t 4.79 d (11.0) 69.6 t
19b 4.21 d (11.0) 4.22 d (11.0)
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Figure 1. Fragment structure and key 2D correlations of 1.
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Figure 2. Key ROESY correlations of 1 and 2.
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phy over MCI gel and eluted with MeOH–H2O (9:1 and 1:0). The
MeOH–H2O (9:1) fraction (420 g) was subjected to column chro-
matography over silica gel, eluting with a gradient of EtOAc in
petroleum ether, to yield seven fractions (I–VII). Fraction IV was
repeatedly chromatographed on silica gel, RP-18, and finally puri-
fied by semi-preparative HPLC (Agilent 1100 HPLC system, Zorbax
SB-C18, 250 � 9.4 mm; UV detector; MeOH–H2O 65:35) to afford
compound 1 (14 mg) and 2 (17 mg).

Castanolide (1) was isolated as colorless crystals with a molec-
ular formula of C19H24O4 as established by HRESIMS (found
[M+Na]+ 339.1579; calcd 339.1572),6 indicating eight degrees of
unsaturation. The IR spectrum of 1 showed the absorptions for con-
jugated lactone (1752 and 1736 cm�1) and olefinic (1659 and 1639
cm�1) groups. The 1H and 13C NMR spectra of 1 (Table 1) showed
19 carbon resonances due to two lactone groups, five quaternary
carbons (two olefinic and one oxygenated), three methines (includ-
ing two olefinic ones), six methylenes (one oxygenated), and three
methyls.
Figure 3. X-ray crystal s
According to the characteristic signals for normal abietane
diterpenoids at dC 32.9 (s, C-4), 46.4 (d, C-5), 40.3 (s, C-10), 21.9
(q, C-17), and 33.1 (q, C-18), compound 1 should derive from an
abietane diterpenoid.7 The HMBC spectrum obviously displayed
the following correlations: H-3 (dH 1.41 and 1.55, each 1H, m) with
C-1, C-2, C-4, C-5, C-17, and C-18; H3-17 (dH 0.82, s), and H3-18 (dH

0.98, s) with C-3, C-4, and C-5; H3-17 with C-18; H-5 (dH 2.33, dd,
J = 13.5, 1.5 Hz) with C-1, C-3, C-4, C-6, C-7, C-9, C-10, C-17, and C-
18; H-6 (dH 1.28, m) with C-4, C-5, C-8, and C-10; H-7 (dH 2.16, m)
with C-5, C-6, and C-13; H-19a (dH 4.85, d, J = 11.0 Hz) with C-1, C-
9, C-10, and C-12. Moreover, two proton spin systems were ob-
served from the 1H–1H COSY spectrum: H2-1/H2-2/H2-3 and H-5/
H2-6/H2-7. The above evidence revealed the existence of fragment
1a (Fig. 1).

Further analysis of the HMBC experiment revealed the correla-
tions from H-11 (dH 5.64, s) to C-8, C-9, C-10, and C-12, and from H-
19 to C-8 and C-12, which suggested that C-19 exhibited two pos-
sible linkages: –C(19)–O–C(8)– and –C(19)–O–C(12)–. Moreover,
the following HMBC correlations also appeared for 1: dH 2.16
(1H, m, H-7) with C-13; dH 7.04 (1H, br d, H-13) with C-8, C-14,
C-15, and C-16; dH 1.96 (3H, d, J = 1.0 Hz, H-16) with C-13, C-14,
and C-15. Meanwhile, the correlation between H3-16 (dH 1.96, d,
J = 1.0 Hz), and H-13 (dH 7.04, br d, J = 1.0 Hz) was also observed
in 1H–1H COSY spectrum. Since the NMR spectra could not provide
sufficient information to establish the structure of 1, a single-crys-
tal X-ray diffraction study was conducted to clarify the uncertain
structural details.8 The result (Fig. 3) unambiguously confirmed
the presence of the linkage of –C(19)–O–C(12)– and established
the five-membered a-methyl-a,b-unsaturated c-spirolactone moi-
ety. Thus, the planar structure of compound 1 was elucidated as
shown in Figure 1.

The relative configuration of 1 was deduced by the ROESY
experiment (Fig. 2). The ROESY correlations of H-5 with H-7a
and H-7b with H-13 indicated that H-13 was in b-orientation,
which was further confirmed by X-ray analysis (Fig. 3).

epi-Castanolide (2), colorless crystals,9 had the molecular for-
mula C19H24O4 as determined by HRESIMS (found [M+Na]+

339.1566; calcd 339.1572). The 1D (Table 1) and 2D NMR spectra
data of 2 were similar to those of 1, except for the presence of
ROESY correlation of H-5a with H-13 instead of H-7b with H-13,
indicating that compound 2 is the C-8 epimer of 1. The X-ray dif-
fraction analysis of 2,10 as shown in Figure 3, finally confirmed
its structure and relative stereochemistry.

Considering ginkgolide B is a well-known potent platelet acti-
vating factor (PAF) antagonist and possesses the similar lactone
moieties with 1 and 2, the PAF antagonistic activity of 1 and 2
tructures of 1 and 2.
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Scheme 1. Plausible biogenetic pathway of 1 and 2.
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was tested; However, neither of the compounds showed activity.
Moreover, compounds 1 and 2 were also evaluated for their cyto-
toxicity against HL-60, A-549, SMMC-7721, PANC-1, and SK-BR-3
cell lines and their effect on the differentiation of neurons. Unfor-
tunately, no positive results were founded.

Biogenetically, miltipolone (i) has been considered as a precur-
sor of several norabietanoid-type diterpenoids.11 The biogenetic
pathway of 1 and 2 from miltipolone was thus proposed. As shown
in Scheme 1, miltipolone i underwent a cleavage of the oxygen
bridge in acidic condition, thus giving iii, which then converted
to the intermediate iv. This intermediate iv further underwent oxi-
dation reaction, esterification reaction, and subsequently, an inter-
molecular nucleophilic attack to produce compounds 1 and 2.
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