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Phytochemical investigation of the choloroform extract of Salvia leriaefolia afforded 8(17),12E,14-
labdatrien-6,19-olide (1), and its structure was determined by a combination of spectral methods.
Compound 1 was found to possess antibacterial activity against Staphylococcus aureus.

The genus Salvia (Lamiaceae) comprises about 700 herbs
and shrubs, growing in the temperate and warmer zones
of the world.1 Some of these species are used as medicinal,
aromatic, and ornamental plants. Salvia officinalis L. is
one of the most widespread species and, since ancient
times, has been used in the treatment of various disorders,
such as tuberculosis,2 psoriasis,3 and seborrheic eczema.3
It shows strong antibacterial and antifungal activities.4 The
rhizomes of S. miltiorrhiza Bunge. have been used widely
to treat coronary heart diseases, particularly angina pec-
toris and myocardial infarction.5

Previous chemical investigations on different species of
Salvia have shown the presence of flavonoids,6 diterpe-
noids,7 sesterterpenes,8-11 and essential oils.12,13 Except for
a report on the essential oil obtained from aerial parts of
Salvia leriaefolia Benth.14 no other studies have been
reported on this species. As part of our continuing studies
on Iranian plants, we have examined S. leriaefolia and
isolated a new labdane diterpene (1). In this paper, we
report the structure of 1 and its antibacterial activity.

The molecular formula of 1 was suggested as C20H28O2

by HREIMS. The IR spectrum showed bands demonstra-
tive of carbonyl γ-lactone (1770 cm-1 ) and CHdCH2 (3080,
1645, 990, 895 cm-1) groups. The 13C NMR spectrum of
this compound contained resonances for 20 carbons, includ-
ing six olefinic carbons and a carbonyl carbon (approxi-
mately 183 ppm, Table 1). More detailed analysis was
performed by 1H NMR measurements. The typical lowfield
signals at δ 6.35 (dd, J ) 11, 17 Hz, H-14), 4.93 (d, J ) 11
Hz, H-15c), 5.08 (d, J ) 17 Hz, H-15t), and 5.47 (t-like, J
) 7 Hz, H-12), together with an olefinic methyl signal at δ
1.73 (br s, Me-16) in the 1H NMR spectrum, suggested the
presence of a (12,13E)-isoprene group. In the HMBC
spectrum, the isolated methylene proton (H2-11) resonances
at δ 2.35 and 2.20 gave long-range correlations with the

tetrasubstituted olefinic carbon signal at δ 134.68 (C-13).
Two olefinic proton signals at δ 4.73 and 4.95 were assigned
to an exomethylene group. The 1H NMR spectrum of 1
(Table 1) was very similar to that of (12,13E)-biformen,15

and the observed differences resulted from the presence
in 1 of a γ-lactone (6,19-olide) group [δ 4.79 (ddd, J ) 4,
8.5, 4 Hz, H-6); 1.68 (d, J ) 4 Hz, H-5); 1.28 (Me-18)]. This
conclusion was also supported by the 13C NMR and IR
spectral signals typical of a lactone group (δC 183.07; IR
1770 cm-1).

The relative stereochemistry of 1 was established by
NOE difference experiments. Strong NOEs were observed
between the CH3-18 protons and H-5, H-5 and H-6, and
H-6 and H-9, respectively. Thus, the configuration of the
Decalin system was established as trans and the side chain
at C-9 as equatorial. From these NOE data, together with
analysis of coupling constant values, all 1H NMR signals
could be assigned as shown in Table 1. Accordingly,
compound 1 was assigned as 8(17),12E,14-labdatrien-
6,19-olide. The results showed that compound 1 was active
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Table 1. NMR Data of Compound 1a

position δC δH HMBC

1 35.79 (t)b

2 20.37 (t)
3 43.37 (t)
4 28.78 (s)
5 52.48 (d) 1.68 d (4) C-9, C-19
6 76.75 (d) 4.79 ddd (4, 4, 8.5) C-4, C-8, C-10
7 35.48 (t) 2.90 dd (16, 4)(R)

2.66 dd (8.5, 16)(â)
8 144.04 (s)
9 53.15 (d) 1.92 dd (3.5, 9) C-8, C-10

10 36.02 (s)
11 26.54 (t) 2.35 ddd (15, 7, 3.5) C-8, C-10, C-13

2.20 ddd (9, 15, 7)
12 132.87 (d) 5.47 t-like (7)
13 134.68 (s)
14 141.76 (d) 6.35 dd (17, 11)
15 113.60 (t) 4.93 d (11) (cis)

5.08 d (17) (trans)
16 12.30 (q) 1.73 br s
17 111.05 (t) 4.95 s

4.73 s
18 18.43 (q) 1.28 s C-3, C-4, C-5, C-19
19 183.07 (s)
20 24.49 (q) 0.92 s C-1, C-9, C-10

a Chemical shifts were determined at 400 (1H) and 100 (13C)
MHz in CDCl3. 1H and 13C NMR chemical shifts refer to CHCl3 at
7.26 ppm and CDCl3 at 77.0 ppm, respectively. J values in Hertz
are in parentheses. b Multiplicities were established by DEPT
experiments.
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against the Gram-positive bacterium species Staphylococ-
cus aureus at a concentration level of 0.4 mM.

Experimental Section

General Experimental Procedures. The optical rotation
was measured on a polarimeter using a sodium lamp (589 nm).
The IR spectrum was recorded on a Shimadzu IR-470 spec-
trometer. NMR experiments was recorded on a Varian VNMR-
400 MHz spectrometer at 400 and 100 MHz for 1H and 13C
NMR, respectively. LREIMS were recorded on a Hewlett-
Packard 5995A spectrometer and HRMS (EI, 70 eV) were
obtained on a MAT 95 SC mass spectrometer. Si gel 60 F254

was used for TLC, while Si gel (60-120 mesh) was used for
column chromatography.

Plant Material. Salvia leriaefolia was collected in July
1998, from near Sabzewar, Khorassan Province, in northeast
Iran at an altitude of 1400 m. Voucher specimens (A.R., no.
112) are deposited at the Herbarium of the Department of
Botany, Shahid Beheshti University, Tehran, Iran.

Extraction and Isolation. Air-dried and powdered aerial
parts of the plant (750 g) were extracted with CHCl3 (6 L) at
room temperature for 24 h. The extract was concentrated in
vacuo, weighed, and suspended in hot MeOH (10 mL-1 of
extract) and then cooled to -15 °C. After standing for 4 h at
-15 °C, the waxy precipitate was removed by filtration, and
the filtrate evaporated in vacuo to afford a syrupy residue (25
g). The residue was submitted to column chromatography on
Si gel, eluted with light petroleum and increasing amounts of
diethyl ether until a 50:50 ratio was maintained. Fractions
were collected (70 mL each), and similar fractions were
combined and chromatographed on preparative Si gel 60 F254

plates, using petroleum ether-Et2O (4:1), to give a light yellow
residue (80 mg), which was purified by repeated preparative
TLC on Si gel using petroleum ether-EtOAc (4:1) to afford 1
(60 mg).

8(17),12E,14-Labdatrien-6,19 olide (1): obtained as a
colorless oil: [R]D

25, +18° (c 0.8, CHCl3); IR (CHCl3) νmax 3080,
1770, 1645, 990, 895 cm-1; 1H and 13C NMR, see Table 1; EIMS
m/z 300 [M]+ (20), 285 (25), 173 (30), 81 (100), 41 (75); HREIMS
m/z 300.2410 (calcd for C20H28O2, 300.2413).

Antibacterial Activity. The antibacterial activity of 1 was
determined by the standardized disk method of Kirby and

Bauer.16 Laboratory standard ATCC strains (Staphylococcus
aureus ATCC # 25923, Enterococcus faecalis ATCC # 29212,
Escherichia coli ATCC # 25922, and Pseudomonas aeruginosa
ATCC # 85327) were used as test bacteria. The results were
reported as the diameter of the zone of inhibitation around
each disk (in mm). The results showed that compound 1 was
active against the Gram-positive bacterium S. aureus at a
concentration level of 0.4 mM (20-mm zone diameter) but had
only moderate inhibitory activity against the Gram-negative
bacteria E. coli (13-mm zone diameter) and P. aeruginosa
(12-mm zone diameter).
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