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Przewalskin A (1), a novel C 3 terpenoid with a 6/6/7 carbon ring skeleton, was isolated from Salvia przewalskii . Its structure was determined
by comprehensive 1D NMR, 2D NMR, and MS spectroscopic analysis and subsequently confirmed by a single-crystal X-ray diffraction study
of its PDC oxidation derivative (2). Compounds 1 and 2 showed modest anti-HIV-1 activity with EC 50 = 41 and 89 ug/mL, respectively.

Salvia (including 700—1050 species) is the biggest genus investigations on the chemical constituentSakia species,

in the economically and medicinally important Labiatae several new compounds were isolated and charactetized.
family and is widely distributed in the worftMany species  Sabia przewalskiiMaxim is a traditional Chinese herb used
of this genus are used as folk medicine to treat a wide variety
of ailments throughout the worfd.As a part of our
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as the surrogate dd. miltiorrhiza (Danshen) for the treat- Compound 1 was obtained as yellowish amorphous
ment of various cardiovascular diseasddany bioactive powder. It was deduced to have a molecular formula of
abietane diterpenoids, especialbtquinones, have been Cy3H300s by HRESIMS (found [M+ NaJ* 425.1949; calcd
reported as the main secondary metabolites of this plant. 425.1940), indicating 9 degrees of unsaturation. IR absorp-
In our search for new bioactive natural products, a novel tions at 3443, 1632, and 1590 chimplied the existence of
Cys3 terpenoid (przewalskin Al) was isolated from the  OH and carbonyl groups. THEC NMR and DEPT spectra
acetone extract of this plant §terpenoids with 23 carbons  (Table 1) indicated that possessed two carbonyl groups
in the skeleton derived from normal diterpenoids are very

rare in natural products. To the best of our knowledge, only _

13 natural G; terpenoids have been reported so far, of .

which 12 were isglated frondalvia plants‘.‘lv36 The skeletal Table 1. ™ and™C NMR Assignments ofl and2
type displayed by przewalskin A was noticeable for its 1¢ 2°

unusual 6/6/7 carbon ring skeleton with a unique seven- no. ¢y (mult, J, Hz) dc(mult) op (mult, J, Hz) ¢ (mult)
membered fng C SUb.St'tUted by an isopropyl an.d AN 1o 2.20m) 278t  2.26(dt,3.9,13.5) 26.0t
acetyl group. This is the first report of a naturak@rpenoid 18 2.20 (m) 2.40 (overlap)

with a seven-membered ring C. The structure lofvas 20 1.59 (m) 188t  1.72(brd, 13.9) 182t
established from its NMR and mass spectral data and 28  1.59 (m) 2.00 (br q, 13.9)
confirmed by a single-crystal X-ray diffraction analysis of 3a  1.30 (m) 417t  141(rd, 13.5) 40.6t
its PDC oxidation derivative2). Described here are the 3 1.50(m) 1.52 (br d, 13.5)
isolation, structure elucidation, and plausible biogenetic ‘; 192 59) g;‘-iz 215 2‘15;3
: . . e a . , 3. . . s .
Eath\évgy of 1, together with the biological activities of £05(brd 28) 7014 9200.6
ande. 7 454(d,4.4) 753d  5.08(s) 83.9d
8 138.8 s 134.7 s
9 1479 s 146.0 s
10 48.3s 50.5 s
11 189.7 s 186.3 s
12 120.9 s 120.6 s
13 173.7s 174.3
14 1462 s 151.8 s
15 6.75(s) 133.4d 6.70(s) 127.0d
16 205.5 s 204.1s
17 2.36 (3H, s) 285q  2.43(brs) 28.6 q
The whole plants ofS. przewalskiiwere collected in 18  3.27(sept,6.9)  305d  3.36(sept,6.6)  30.5d
Shanggelila in the Yunnan province, PRC, in August, 2003, 19 Eg Egﬁ g’ 2'33 323 ! iﬁ Eg’ 2'3 ;32 a
and were identified by Prof. H. W. Li. The air-dried and 1.00 (3H. 5) 340q 128 (brs) 33.2q

powdered sample (10.3 kg) was extracted with acetone 55 ;9 (3H. 8) 932q  0.90 (brs) 201 q
(3 x 30 L) for 24 h each time at room temperature and o3 5384, 5.4) 90.9d 170.5 s
Concentr.ated In a vacuum to give a crude extract which aData were recorded in acetodgon a Bruker AM-400 MHz P Data
was subjected to column chromatography over DM-130 \ere recorded in CDGlon a Bruker AM-400 MHz. '
porous resin and eluted with MeGHH,O (1:1 and 9:1).
The MeOH—-HO (9:1) fraction (390 g) was subjected to

column chromatography over silica gel, eluting with a (including an acetyl group), seven quaternary carbons
gradient of EtOAc in petroleum ether, to yield seven frac- (including five olefinic ones), six methines (including three
tions (I=VII). Fraction IV was subjected to further oyygenated ones), three methylenes, and five methyls, which
column chromatography over silica gel, C-18, Sephadex gyggested that had a G terpenoid skeleton. According to
LH-20, and semipreparative HPLC (Agilent 1100 HPLC the characteristic signals for normal abietane diterpenoids
system, Zorbax SB-C-18, Agilent, 9:4250 mm, MeOH— 3t 34 .3 (s, C-4), 55.4 (d, C-5), 48.3 (s, C-10), 30.5 (d, C-18),
H0 8:2) to affordl (22.5 mg). 22.9 (g, Me-19), 22.7 (q, Me-20), 34.0 (q, Me-21), and 23.2
(g, Me-22), compoundL. should derive from an abietane
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with C-5, C-9, and C-23; and the hemiketalic group proton oxygenated methines ih The single-crystal X-ray diffrac-
at oy 5.38 (d,J = 5.4 Hz, H-23) with C-1, C-7, C-9, and tion analysis of2 (Figure 2) unambiguously confirmed the
C-10. The above evidence, along with two proton spin

systems observed from thel—H COSY spectrum, b1/ I
H>-2/H,-3 and H-5/H-6/H-7, showed the existence of frag-
mentla (Figure 1).

Figure 1. Structural fragments and key COSY (bold lines) and
HMBC (arrows) correlations of in acetone-gl

Furthermore, the HMBC correlations from Me-19 and _
Me-20 to C-14, coupled with the proton spin system Figure 2. X-ray crystallographic structure &
Me-19/H-18/Me-20, revealed that an isopropyl group was
substituted at C-14. The HMBC correlations of the unsatur- expected unique skeleton and structure of Hbtnd 28

ated methine signal @, 6.75 (1H, s, H-15) with C-7, C-9, The stereochemistry df was established on the basis of
C-13, and C-18 indicated that an unsaturated methine wasy Rogsy experiment (Figure 3). Biogenetically, Me-22 and
located at C-15, which could be confirmed by the ROESY (.23 wereg-oriented whereas H-5 and Me-21 were both in
correlations of H-15 with H-7 and Me-20. In addition, the the o-orientation, which could be confirmed by ROESY
HMBC correlations of H-18 and H-15 with an O-bearing correlations of Me-22/H-23 and Me-21/H-5. Then, H-7 could
olefinic carbon atdc 173.7 (s, C-13) established the pe determined as-orientation due to the ether bridge
partial structurelb (Figure 1) having an oxy substituent petween C-7 and C-23. The signals of Me-21 and Me-22 of
at C-13. 1in 'H NMR spectra overlapped each other in acetdne
Only four signals, an acetyl groupd 205.5 and 28.5), a  and CDC} but displayed good separation with other signals
carbonyl group (6 189.7), and an olefinic carbon &t 120.9 in CsDsN. In the ROESY spectrum (in §DsN) of 1, the
remained. The carbonyl group &¢ 189.7 was ascribed to  correlations of H-5 with Me-21 rather than Me-22 indicated
C-11, and the acetyl group was assigned to Cék210.9) that H-5 and Me-21 werec-oriented.
on the basis of the HMBC correlation from the methybat The ROESY correlations of H-23 with Me-22 suggested
2.36 (3H, s Me-17) to C-12 and the noticeable downfield that Me-22 was irf-orientation, and H-23 was in the same
chemical shift of C-13 atc 173.7 which indicated two  Side as Me-22. In addition, the ROESY correlations of H-7
conjugated carbonyl groups at C-11 and C-16. Furthermore,With H-15 and H-15 with H-18, Me-19, and Me-20 further
the obvious HMBC correlations from H-7 to the carbonyl confirmed the stereochemistry af
group atdc 189.7 confirmed that this carbonyl group could Because acetone was used for the extraction of the plant
be ascribed to C-11. The evidence discussed above, coupledhaterial, compound could have been an artifact product
with fragmentlb, gave the structuré. Because the HMBC (©) Crystallographic data @, CuadOn, M = 398,17, orthorhombic
correlation of H-7 to C-11 were correlated through four space group2,2:2,, a = 6.072 '(4)2&132 =15.035 (4) Ac = 22423 (6)
bonds, the structure df elucidated by HMBC correlations A, a =90.00 (2)°,5= 90.00 (4)°,y = 90.00 (4)°V = 2047.1(15) &, Z
remained uncertain. To unambiguously confirm the structure jsg‘a‘iof,ﬁfﬁig&ﬁhgyﬁa&"ﬁ 'Qﬁgiﬁgi?u%&vgﬁgi \?\/itzr?amg;?a\gﬁi;g
of 1, an oxidation reaction by PDC was carried out and gave monochromator (w-26scans, 2flax = 34°), Mo Ko radiation. The total
the derivative 2) of 1. Compound2 had the molecular 2g;”Gbﬁggé:Sgg?gogz(ﬁ’;_eg;‘gleﬂ;}’fss?%Z’ 87&?;2{52:3?6?"1’3?1“&1“9 and
formula GsH»¢06 as determined by analysis 8fi and*3C 1/(f7I|F|t2_) for ((?zt;s:J’e:Sr)\/e?hreflectito?s,t an?ll%— ((?2.)1322,w|2|2 » %1%25 f?r allt -
NMR spectral data, together with HRESIMS (found M reriections - 1 he crystal structure (2) was solved Dy direct methods
Na] 421.1619; calcd 4421.1627). It was found tAahared  Germany. 1660) and expanded using difference Fourier techniques, refned
most structural features with by detailed comparison of by SHELX-97 (Sheldrich, G. M. 1997). Crystallographic data for the
their *H and “*C NMR spectral data (Table 1) and further  Zenie (dapostion number: CCDC 288652). Copies of these deta can be
analysis of the HMBC spectra &f. The only difference obtained free of charge via the Internet at www.ccdc.cam.ac.uk/conts/
between compounds and 2 was the appearance of two (SN Of o e Cambrige Crtalograpnic Dats Cee, 12
carbonyl groups at C-6 and C-23 & instead of two deposit@ccdc.cam.ac.uk).
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Figure 3. Key NOE correlations fod in CsDsN.

arising from a molecule of acetone and amguinone. To
determine whethed is an artifact, another sample &.

przewalskii(with the same origin of the plant material used

for the initial extraction) was extracted with CHCICom-

poundl was also identified from the extract, which supported

1 as a natural metabolite &. przewalskii.
From the biogenetic view, compouridmay be derived
from a normalo-quinone. The formation ol could be

explained through a pathway (Scheme 1) including the

Scheme 1. Plausible Biogenetic Pathway @f
CH,COCH,COCoA

HO ﬂ-{» HO . HO
S Ny S S

_oi

'

condensation of a normal-quinone diterpenoid with ac-

etoacetyl-CoA followed by an intramolecular aldol reaction

and an oxidation reaction.

4456

Considering some abietane quinones are known to have
antitumor activity?° the antitumor activities of compounds
1 and2 were evaluated with the HL-60, K562, OVCA-2780,
A549, and HepG-2 cell lines; however, neithkrnor 2
showed significant inhibitory activity (165 > 40 ug/mL for
the five cell lines).

As some 1,3-diketone compounds exhibit obviously anti-
HIV-1 activities 1 compoundd and2 were tested for their
cytotoxic activity against C8166 cells (GgJ; using the MTT
method as reported previousk,and for the cytopathic
effects against HIV-1 (E&) (Table 2)*® Compoundl1

Table 2. Summary of Cytotoxicity and Anti-HIV-1 Activity of
Compoundsl and?2

cytotoxicity anti-HIV-1 selectivity index
1 89.13 40.74 2.19
2 158.49 89.13 1.78

exerted cytotoxicity against C8166 cells with the £&
89.13ug/mL and showed anti-HIV-1 activity with Eg=
40.74ug/mL and SI (selectivity indexyF 2.19.

Supporting Information Available: 1D and 2D NMR
spectra oflL and2, physical constants dfand2, and X-ray
crystallographic data (CIF files) oR. This material is
available free of charge via the Internet at http://pubs.acs.org.
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