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Abstract –Two new diterpene alkaloids, isosalviamine-A (1) and B (2) and nine 

known tanshinones (3-11) were isolated from the MeOH extract of roots of S. 

trijuga. The structures of these new compounds were elucidated from 1H and 13C 

NMR spectra with the aid of COSY, NOESY, HMQC and HMBC experiments. 

 

 
INTRODUCTION 

A member of the Lamiaceae family, the genus Salvia consists of some 500 species found worldwide, 84 

of which were distributed in China. Since ancient times, many species of this genus have been credited 

with medicinal properties and thus merit investigation.1-4 Some Salvia extracts have shown interesting 

biological activity such as antibacterial,5 antiplasmodial,6 antituberculosis,7 antiphlogistic,7 cardioactive,5 

antidiabetic,7 anti-inflammatory,8 analgesic,8 antipyretic,8 antispasmodic,8 antitumor,9 antiviral,10 

hallucinogenic,11 trypanocidal,12 antifungal,13 and antioxidant14 agent and the active constituents of these 

species are thought to be abietane diterpenes.15, 16 Salvia trijuga Diels is a perennial herb distributed 

widely in the southern China.3 The root of this plant has been used as a substitute for “Danshen” (root of 

S. miltiorrhiza Bunge) a traditional Chinese medicine which has reputed therapeutic effects in the 

treatment of menstrual disorders, 1 menostatis, 1 menorrhalgia, 1 insomnia, 17 arthritis, 17 and coronary heart 

and cerebrovascular diseases18 as well as neurasthenic insomnia.18 Thorough literature survey showed that 

there were few reports on the isolation of tritepenes and tanshinones from the titled plant.19-23 Our detailed 

chemical investigation on the roots of S. trijuga has yielded 11 compounds, out of which 1 and 2 were  
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new nitrogen containing abietane diterpenes. This paper describes the isolation and identification of these 

two new abietane diterpene alkaloids, isosalviamine-A (1) and isosalviamine-B (2).  

 

RESULTS AND DISCUSSION 

The concentrated MeOH extract of the root of S. trijuga was a partitioned into CHCl3 and H2O solubles. 

A series of chromatographic separation of the CHCl3 solubles resulted in the isolation of 9 known 

tanshinones and two new compounds whose structures (1) and (2) were elucidated on the basis of 

spectroscopic evidence as follow. 

Isosalviamine A (1) was isolated as a yellow powder. The HREIMS exhibited a molecular ion at m/z 

287.0944 compatible with the molecular formula C19H13NO2. This was in good agreement with the 19 

carbon atom resonances observed in the 13C NMR spectrum. These 19 carbon signals were assigned to 

two methyls, seven methines, and ten quaternary carbons. The 1H NMR spectrum (Table 1) showed an 

AMX spin system for three consecutive protons at δ10.26 (1H, d, J = 8.4 Hz), 7.69 (1H, dd, J = 8.4, 7.2 

Hz), and 7.51 (1H, d, J = 7.2 Hz), a pair of ortho coupled doublets at δ 8.16 (1H, d, J = 8.8 Hz)and 

8.41(1H, d, J = 8.8 Hz), a quartet at δ 7.66 (1H, q, J = 1.2 Hz) and a methyl doublet at δ 2.59 (1H, d, J = 
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1.2 Hz) assignable to methylated furan ring, and a methyl at δ 2.83 (1H, s). These 1H and 13C NMR  

 

Table 1. 1H and 13C NMR spectral data of compounds (1-2) (in CDCl3, 400 MHz, TMS as int. stand.) 

H 1 2 3 C 1 2 

1 10.26 d (8.4) 10.27 d (8.4) 9.24 d (8.8) 1 126.0 126.1 

2 7.69 dd (8.4, 7.2) 7.68 dd (8.4, 7.2) 7.54 dd (8.8, 7.2) 2 126.6 126.6 

3 7.51 d (7.2) 7.49 d (7.2) 7.33 d (7.2) 3 127.6 127.6 

6 8.16 d (8.8) 8.12 d (8.8) 8.29 d (8.8) 4 134.4 134.2 

7 8.41 d (8.8) 8.39 d (8.8) 7.80 d (8.8) 5 130.1 131.0 

15 7.66 q (1.2) 7.64 q (1.6) 7.29 q (1.6) 6 118.8 118.4 

17 2.59 d (1.2) 2.57 d (1.6) 2.28 d (1.6) 7 122.9 122.4 

18, 

19 

2.83 s 2.82 s 2.68 s 8 117.3 116.8 

20 8.36 s   9 120.1 119.7 

21  2.86 s  10 129.7 130.5 

    11 130.9 133.3 

    12 149.0 143.1 

    13 112.4 112.1 

    14 151.1 150.5 

    15 141.8 141.6 

    16 114.9 114.7 

    17 9.2 9.3 

    18, 19 20.2 20.1 

    20 149.7 160.8 

    21  14.8 

 

spectral data were almost identical with the literature values of tanshinone I (3), a principal constituent of 

Salvia species.24 However, 1 showed different 1H and 13C NMR spectral data from those of tanshinone I 

in the signals of H-1, C-11, C-12 and appearance of one more proton and its carbon. Absence of two 

carbonyl signals and the appearance of an extra proton at δΗ 8.36 (s) and its corresponding carbon at δC 

149.7 together with characteristic IR absorptions at 1527 and 819 cm-1 for O-C=N group indicated that 

orthoquinone group in tanshinone I was replaced by an oxazole ring in 1. This was also supported by the 

prominent fragment peaks at m/z 244 due to [M-NCHO]+ ions. Recently, Don et al. reported nitrogen 
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containing compounds from S. miltiorrhiza and explained the orientation nitrogen and oxygen atoms of 

oxazole ring on the basis of C-11 and 12 chemical shift values and semisynthesis.25 Thus while N atom 

connected to C-12 in the oxazole ring of abietane diterpene alkaloids for example, neosalvianen, C-12 and 

C-11 resonate at δ 132.6 and 144.4, respectively whereas abietane alkaloids with opposite orientation in 

oxazole ring ( ex. salvianen and salvianan) exhibit C-12 and C-11 resonanances in the range of δ 145-148 

and 130-135. Since the C-11 (130.9) and C-12 (149.0) resonances of 1 matched well with those of 

salvianen and salvianan, the N atom in the oxazole ring was attached to C-11 and thus O atom to C-12. 

This orientation also supported by an extreme downfield shift of H-1 to δ 10.26 due to C=N bond close to 

H-1. From these spectral analyses, the structure (1) was assigned for isosalviamin-A.  

Isosalviamine-B was obtained as pale yellow needles and showed the [M]+ ion at m/z 301.1110 (HREIMS) 

in agreement with the molecular formula C20H15NO2. Its IR spectrum featured strong absorptions at 1521 

and 817 cm-1 due to oxazole ring. The 1H and 13C NMR spectral data of 2 were very similar with those of 

1 except H- and C-20 signals of 1 that were replaced by those of a methyl group (δH 2.86 and δC 14.8) and 

a quaternary carbon (δ 160.8), respectively. Therefore, from these comparison the structure of 2 was 

readily apparent as 21-methyl derivative of isosalviamine-A, and named as isosalviamine-B. The 

proposed structure was also supported by the prominent ions at m/z 286, 244 due to [M-CH3]+, 

[M-CH3-NCHO]+ ions. The full assignment of the 1H and 13C NMR spectral resonances of 1 and 2 was 

made using COSY, NOESY, HMQC, and HMBC spectral experiments.  

Other previously known tanshinone diterpenes isolated from the roots of this plant were identified as 

tanshinone I (3),24 cryptotanshinone (4),24 tanshinone IIA (5),24 methyltanshinoate (6),26 isotanshinone I 

(7),27 1,2-dihydrotanshinone (8),28 nortanshinone (9),26 dihydrotanshinone I (10)24 and 

dehydrotanshinaldehyde (11) 26 by the comparison of their spectral data with those of reported in the 

literature. 

 

EXPERIMENTAL 

General Experimental procedures. Melting points were determined on Yanaco MP-S3 micro-melting 

point apparatus without correction. UV spectra were taken on a Hitachi UV-3210 spectrophotometer. IR 

spectra were recorded on a Shimadzu IR Prestige-21 spectrophotometer as KBr discs. 1H, 13C, COSY, 

HMQC, HMBC, and NOESY NMR spectra were recorded on the Varian Unity Plus 400 NMR 

spectrometer, using tetramethylsilane (TMS) as the internal standard, and all chemical shifts were 

reported in parts per million (ppm, δ). All the MS and HRMS (EI) spectra were obtained on a 

VG-70-250S mass spectrometer. 

Plant Material. The roots of Salvia trijuga were collected in Li Jiang, Yunnan Province, People’s 

Republic of China in Sepertember, 1997 by Miss S. Zhang and identified by Professor C. S. Kuoh. A 
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voucher specimen (TSWu 97201) has been deposited in the Herbarium of the National Cheng Kung 

University, Tainan, Taiwan. 
 
Extraction and Isolation. The dried roots of S. trijuga (9.3 kg) were extracted with MeOH (20 L) under 

reflux for 8 h, (for six times) and concentrated under reduced pressure to afford dark brown extract (1.2 

kg). The extract was partitioned with CHCl3/H2O (1:1) into CHCl3 and H2O layers. The CHCl3 solubles 

were concentrated under reduced pressure to give brown syrup (144 g) which was column 

chromatographed over silica gel by eluting with hexane/acetone (19:1) gradients by increasing 

proportions of acetone (5%→100%) to give 8 fractions. 

Fraction 1 was re-chromatographed over silica gel and eluted with n-hexane/ethyl acetate (49:1) to afford 

pure 1 (0.56 mg). Fraction 2 on rechromatography over a silica gel by eluting with n-hexane/ethyl acetate 

(19:1) gave 2 (0.53 mg). Fractions 3 and 4 were combined and rechromatographed over silica gel by 

eluting with hexane/ethyl acetate (9:1) to afford pure 7 (1.19 mg). A series of chromatographic 

separations of fraction 5 with hexane/chloroform mixtures yielded pure 3 (32.5 g), 5 (23.5 g), and 8 (1.03 

mg). Fraction 6 subjected to a series of chromatographic separations over silica gel with 

hexane/chloroform mixtures to afford pure 4 (15.21 g) and 6 (4.59 mg). Fraction 7 was further column 

chromatographed over silica gel with chloroform/methanol (19:1) to give pure 9 (1.05 mg), 10 (8.2 mg) 

and 11 (3.85 mg).  
 
Isosalviamine A (1): C19H13NO2: Yellow amorphous powder (acetone), mp: 178-180℃; UV λmax 

(MeOH) (log ε) nm: 359 (2.57), 342 (2.64), 326 (2.55), 311 (sh) (3.11), 303 (3.47), 290 (sh) (3.53), 282 

(sh) (3.80), 276 (4.00), 267 (3.93), 258 (sh) (3.74), 239 (3.61); IR (KBr) νmax cm-1: 1640, 1527, 1470, 

1393, 1308, 819, 763; 1H NMR (CDCl3, 400 MHz); 13C NMR (CDCl3, 100 MHz) see Table 1; EIMS m/z 

(rel. int. %): 287 (100, M+), 272 (10), 258 (7), 244 (4), 230 (3), 216 (3), 125 (15), 111 (24), 55 (51); 

HR-EIMS m/z 287.0944 (M+) (calcd for C19H13NO2, 287.0946). 

Isosalviamine B (2): C20H15NO2: pale yellow needles (acetone) mp: 175-177℃; UV λ max (MeOH) (log 

ε) nm: 361 (2.15), 310 (sh) (2.91), 303 (3.2), 289 (sh) (3.35), 283 (sh) (3.49), 276 (3.66), 267 (sh) (3.63), 

259 (3.47); IR (KBr) νmax cm-1: 1731, 1619, 1596, 1521, 1462, 1386, 1168, 817, 765; 1H NMR (CDCl3, 

400 MHz); 13C NMR (CDCl3, 100 MHz) see Table 1; EIMS m/z (rel. int. %): 301 (100, M+), 286 (51), 

272 (15), 258 (10), 244 (10), 202 (10), 150 (19), 57 (21); HR-EIMS m/z 301.1110 (M+) (calcd for 

C20H15NO2, 301.1102)  
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