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ABSTRACT

Przewalskin B (1), a novel diterpenoid possessing a unique skeleton, was isolated from a Chinese medicinal plant Salvia przewalskii . Its
structure and relative stereochemistry were elucidated by extensive NMR analysis and a single-crystal X-ray study. A possible biosynthetic
pathway for 1 was proposed. Compound 1 exhibited modest anti-HIV-1 activity with EC 50 ) 30 µg/mL.

The genusSalVia is a rich source of diterpenoids with
structural diversity.1 Many diterpenoids with interesting
bioactivities, such as tanshinone IIA, salvicine, neotanshin-
lactone, and salvinorin A, have been reported from this
genus.2 S. przewalskiiwas a traditional medicinal plant used
as the surrogate ofS. miltiorrhhiza (Danshen) for the
treatment of various cardiovascular diseases.3 Aiming at
identifying structurally interesting and bioactive metabolites

from theSalViaspecies, we examined the acetone extract of
S. przewalskiiMaxim. A novel C23 terpenoid and two new
icetexane diterpenoids have been isolated and reported in
our earlier publications.4 In this paper, we report an additional
novel diterpenoid (przewalskin B,1) with an unprecedented
skeleton from this plant. The skeleton of1 was noticeable
for its unique rearranged skeleton probably derived from a
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normal abietane diterpenoid. Compound1 could be seen as
the first diterpenoid with a five-membered spiro ring and
R-hydroxy-â-ketone lactone moieties, although three spiro-
lactone norditerpenoids have been reported.5 Compound1
exerted weak cytotoxicity against C8166 cells with CC50 )
100.74µg/mL and showed anti-HIV-1IIIB activity with EC50

) 30.32µg/mL and SI (selectivity index)) 3.32. In addition,
compound1 showed no significant inhibitory activity toward
the HL-60, K562, OVCA-2780, A549, and HepG-2 cell lines
(IC50 > 100 µg/mL). The isolation, structural elucidation,
and bioactivities of1 are described in this paper.

The whole plants ofS. przewalskiiwere collected in Shang-
gelila in the Yunnan province, PRC, in August, 2003, and
were identified by Prof. H. W. Li. The air-dried and pow-
dered sample (10.3 kg) was extracted with acetone (3× 30
L × 24 h) at room temperature and concentrated in a vacuum
to give a crude extract which was subjected to column
chromatography over DM-130 porous resin and eluted with
MeOH-H2O (1:1 and 9:1). The MeOH-H2O (9:1) fraction
(390 g) was subjected to column chromatography over silica
gel, eluting with a gradient of EtOAc in petroleum ether, to
yield seven fractions (I-VII). Fraction V was subjected to
further column chromatography over silica gel, C-18, Sepha-
dex LH-20, and semipreparative HPLC (Agilent 1100 HPLC
system, Zorbax SB-C-18, Agilent, 9.4× 250 mm, MeOH-
MeCN-H2O 7:1:2) to afford1 (3.6 mg).

Przewalskin B (1) was isolated as a colorless needle.6 Its
molecular formula was determined as C20H26O4 by HRES-
IMS for the [M + Na]+ ion at m/z 353.1731. The IR
spectrum of1 showed the absorptions for hydroxy (3476
cm-1), lactone (1767 cm-1), conjugated ketone (1706 cm-1),
and olefinic (1618 cm-1) groups. The1H and 13C NMR
spectra of1 (Table 1) showed 20 carbon resonances due to
seven quaternary carbon (including one ketone, one lactone,
an oxygenated one, and two olefinic ones), five tertiary
carbon (including an oxygenated and two olefinic ones), four
methylene, and four methyl groups.

The structure of1 was elucidated by the analysis of 2D
NMR data and X-ray analysis. The following correlations
can be found in the HMBC spectrum of1 recorded in CDCl3
(Figure 1): H-1 (δH 5.75, br s) with C-2, C-3, and C-5; Me-
18 (δH 0.86, s, 3H) and Me-19 (0.91, s, each 3H) with C-3,
C-4, and C-5, and Me-18 with C-19; H-6a (δH 1.73, m) with

C-5, C-7, C-8, and C-10; H-7a (δH 1.80, m, 1H) and H-7b
(δH 1.70, m, 1H) with C-5 and C-8; H-14 (δH 7.08, s) with
C-7, C-8, C-12, C-13, and C-15; H-15 (δH 2.59, sept,J )
7.6 Hz) with C-12, C-13, C-14, C-16, and C-17; OH-11 (δH

3.79, br s) with C-8 and C-12. The correlations of Me-16
(δH 1.10, d, 7.6, 3H) and Me-17 (δH 1.05, d, 7.6, 3H) with
C-13 and C-15 indicated the presence of an isopropyl moiety.

In the HMBC spectrum of1 recorded in CDCl3, H-9
showed weak correlation with only C-20; in addition, the
HMBC correlations of H-1 with C-9, H-9 with C-11, and
H-14 with C-9 and C-11 could not be assigned due to the
overlap of C-9 and C-11. Fortunately, in the HMBC spectrum
of 1 recorded in acetone-d6, the HMBC correlations of H-9/
C-1, C-8, C-10, C-11, C-14, and C-20 could be observed.
The HMBC correlations of H-1/C-9, H-9/C-11, and H-14/
C-9 and C-11 could be assigned due to good resolution
between C-9 and C-11.

On the basis of the above HMBC correlations, together
with H-1/H2-2/H2-3 and H-5/H2-6/H2-7 proton spin systems
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Figure 1. Key COSY and HMBC correlations of1 in CDCl3.

Table 1. 1H and13C NMR Assignments of1

in CDCl3 in acetone-d6

no. δH (mult, J, Hz) δC (mult) δH (mult, J, Hz) δC (mult)

1 5.75, br s 121.0, d 5.65, br s 120.0, d
2R 2.03, m 22.3, t 2.04, m 23.0, t
2â 2.03, m 2.04, m
3R 1.38, m 32.3, t 1.42, m 33.3, t
3â 1.20, m 1.22, m
4 31.2, s 31.7, s
5R 1.52, m 44.9, d 1.71, m 45.3, d
6a 1.73, m 25.1, t 1.83, m 25.7, t
6b 1.52, m 1.63, m
7a 1.80, m 29.3, t 1.85, m 29.7, t
7b 1.70, m 1.78, m
8 54.2, s 54.9, s
9 4.76, s 82.1, d 4.96, br s 82.3, d
10 135.9, s 138.2, s
11 82.1, s 83.5, s
12 200.4, s 201.0, s
13 149.0, s 149.2, s
14 7.08, s 158.3, d 7.44, s 159.4, d
15 2.59, sept, 7.6 25.2, d 2.54, sept, 7.1 25.9, d
16 1.10, d, 7.6 20.5, q 1.10, d, 7.1 20.8, q
17 1.05, d, 7.6 20.4, q 1.04, d, 7.1 20.7, q
18 0.86, s 26.3, q 0.88, s 26.4, q
19 0.91, s 27.5, q 0.93, s 27.9, q
20 173.1, s 173.7, s
OH-11 3.79, br s
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obtained from the1H-1H COSY spectrum recorded in
CDCl3, the basic structure of1 was determined.

In the ROESY spectrum of1 recorded in CDCl3, the
ROESY correlations of Me-19/H-2â and H-3âconfirmed
theâ-orientation of Me-19. The correlation between H-9 and
H-14 suggested that they were in the same orientation. The
correlations of H-15/Me-16 and Me-17 were also observed,
which confirmed the presence of an isopropyl group (Figure
2).

However, the ROESY spectra could not provide more
sufficient information to elucidate the stereochemistry of C-8,
C-9, and C-11. After many attempts with different solvents,
a single crystal of1 was finally obtained from MeOH-H2O
(95:5) solvents. A single-crystal X-ray study of1 clarified
the â-orientation of OH-11 and C-11 and theR-orientation
of H-9 and C-14 and unambiguously confirmed the structure
of 1 (Figure 3).7

Compound1 was tested for cytotoxicity toward the human
promyyelocytic leukemia cells (HL-60), human leukemia
cells (K562), ovarian cancer cells (OVCA 2780), human lung
cancer cells (A549), and human hepatoma cells (HepG2) by
the MTT method,8 and cis-platin (DDP) was used as a
positive control in this experiment. However, it showed no
significant inhibitory activity with an IC50 value greater than
100 µg/mL for the five cell lines. Compound1 was also
tested for cytotoxic activity against C8166 cells (CC50) and
for the cytopathic effects against HIV-1IIIB (EC50), using AZT
as a positive control (EC50 ) 0.0034µg/mL and CC50 >
200µg/mL).9 It exerted cytotoxicity against C8166 cells with
CC50 ) 100.74µg/mL and showed anti-HIV-1IIIB activity
with EC50 ) 30.32µg/mL and SI (selectivity index)) 3.32.
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Figure 2. Key ROESY correlations of1.

Figure 3. X-ray crystallographic structure of1.
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