
WI-DANSHENSPIROKETALLACTONE FROM SAL~YA MlLTZORRHZZA 

(Rrceiwd 27 March 1987) 

Abstract-The structure of a new abietanoid pigment from the Chinese traditional medicine Dan-shen. Sul~iu 
miltiorrhizn. was isolated and its structure determined by NMR spectroscopy. 
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The dried roots of the Chinese sage. Sulciu mikiorrhizu 
Bunge, are used in the traditional medicine, Dan-shen, to 
treat heart disease. [I] hepatitis, [I_] and more recently, in 
the treatment of tuberculosis [3, 3) and leprosy [5]. 
Numerous abietanoid pigments have been isolated from 
this drug and identified as physiologically active natural 
products [6- 171. &era1 synthetic investigations have 
also been devoted to these compounds 114 ‘11. The 
activities of’these Dan-shen constituents m the pure state. 
however. has not matched the activity of the crude drug 
itself’[ IO]. For this reason. considerable etf’ort is still being 
devoted to Identifying the minor constituents of this 
traditional medicine. as well as determining the most 
etrective mixture of components for elIcIting its thrra- 
peutic value. 

Recently. the structure ot a new spirolactone, named 
danshenspiroketallactone {I j was determined b, X-raq 
analysis [12]. In our work on the constltucntx of’ Dan 
Shen, we hale also isolated I, but prior ttr recrystalliz- 

ation. had been unable to separate 1 :I-om a minor 
compound by any chromatographic method. We have 
now identified this minor component as rpi- 
danshenspiroketallactone (2). For reason> discussed 
below, we demonstrate that 2 IS not an artllact of the 
isolation process (via cpimerization o! 1). but more like11 
that 1 results from the epimerization (11 2 

HESl’Li-S AUK) DISC I SSIO\ 

The 95’!, ethanolic extract ot Dan-shen was frac- 
tionated as prekiously described [ II]. I% residue trom 
evaporation of the mother hquor trotn the tanshinonr I IA 
recrystallization ylelded 50 mg 01’ ether soluble material. 
Chromatography on silica gel with qciohcxane and 
cyclohexant:--CH;CIL atii>rded I and 2 as a 7: I mxturc 
(1: 2)_ and tanshinlactone (3) [ 1 !J. .An exhaustive eltbrt to 
resolve I anti 2 u.rth narmal .MI rc\ei sex phase HPI_<‘ 
using numcroud s.cil~enl kL\lcmi \taa not hULICes~t’i11 
Recrystallization tram crhatiol. however. gave pure 1 and 
a mother liquor enriched in 2. thus accountmp i’o!- the 
ability ot the Shanghai group to obtained I m pure tbrm 
far X-ray analysis I_ 121. T HO additional recrystalli7iltions 
ultimately alii)rded a 3, II IE’IINIWC 01 I : 2 k3 mg total ut). 
Due !o lhe !imited amount ti; material. no ?‘uslhcr 
attempts to pnritk I ir3 ad(litl~~n;il r~crv!.talliz.atiorts ucrc 
made. 
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Table 1. ‘%I NMR chemical shifts of compounds 

1 and 2 (100 MHz, 93.93 kG, CDCIJ, TMS as int. 

standard)* 

C 1 2 

1 118.1 d 118.0d 

2 131.8 d 131.9 d 

3 128.8 d 128.8 d 
4 135.0 s 135.0 s 
5 122.0 s 122.0 s 

6 128.4 d 128.4 d 
7 122.0 d 122.0 d 
8 146.9 s 146.9 s 
9 129.2 s 129.2 s 

10 133.3 s 133.3 s 

11 168.2 s 168.2 s 

13 113.1 s 113.1 s 

14 77.5 t 71.5 t 

15 32.9 d 33.7 d 
16 45.6 t 44.5 t 

17 17.7 4 18.4 4 

18 20.2 4 20.2 (I 

*Multiplicities were assigned with a DEPT 

experiment which also revealed the signals for C- 
14 which were overlapped by the chloroform 
triplet, and distinguished the C-5 and C-7 
resonances. 

epimer of 1. A ZD-NOE experiment (benzene& on the 
originally isolated mixture of 1: 2, 7 : 1) revealed NOE’s 
between the aromatic H-7 doublet and the H-15 multiplet 
of the major component (spirolactone 1) and between the 
H-7 doublet and the Me-17 doublet of the minor com- 
ponent (spirolactone 2). Both of these NOE’s were 
confirmed by NOE difference experiments and could be 
reciprocated, enhancements observed on the H-7 signal 
by irradiation of the H-15 multiplet of 1 and the Me-17 
doublet of 2. Furthermore, other enhancements observed 
upon irradiation of the H-l 5 multiplet of 2 and the Me-17 
doublet of 1 were in accord with their proposed structures, 
and enabled the assignments of all ‘H-signals (Fig. 1). 

In an effort to determine whether 2 is an artifact of the 
isolation procedure, a solution of the mixture enriched in 
2 (1: 2,4: 6) in CHCl, was stirred in the presence of silica 
gel for 24 h. A solution of pure 1 was also exposed to silica 
gel under identical conditions. Under these conditions, 2 
epimerized to 1, producing a 2 : 1 mixture (1:2). In 
contrast, 1 was stable under the same conditions, and 
showed no evidence of epimerization even when a cata- 
lytic amount of HCl (0.1 N) was added. 

These results do not unambiguously establish that 2 is 
the natural product and that 1 is an artifact of the 
isolation scheme. It is clear, however, that some of 1, 
though perhaps not the entire amount of 1 isolated, was 
indeed produced from 2 during the silica gel chromato- 
graphies in the separation scheme. 

EXPERIMENTAL 

‘H NMR and 13C NMR spectra were recorded at 93.93 kG 

(400 MHz for ‘H, 100 MHz for 13C) in CDC13 unless otherwise 
stated, TMS as int. standard. DEPT experiments confirmed the 

multiplicities of the “C signals of 2 and revealed the doublet at 

77.46 (C-14), Table 1. 

epi-Danshenspiroketallactone (2). The mother liquor from the 
recrystallization of 1 in EtOH (anhydrous) [13] was evapd to 

yield a mixture (6 mg) of 1 and 2 (3: 1). Two additional 

recrystallizations of the residue from EtOH (dry) afforded 3 mg 
ofa4:6 mixture of 1:2. ‘H NMR for 2: 6 1.33 (3H, d, J = 7.0 Hz, 

H-17), 2.24) (1H. dd, J = 13.3, 4.6 Hz, H-16), 2.72 (lH, dd, J 

= 13.3, 9.7 Hz, H-16), 2.76 (3H, s, H-18), 2.7 (lH, m, H-15, 

overlapped by H-18 methyl), 3.95 (lH,dd, J = 7.5,8.6 Hz, H-14), 

4.44 (lH,dd,J = 7.5,7.5 Hz, H-14), 7.47 (lH,d,J = 6.7 Hz, H-3), 

7.54 (lH,d, J = 8.7 Hz, H-7), 7.60 (lH, dd, J = 6.7, 8.3 Hz, H-2), 

8.35 (1H. d, J = 8.7 Hz, H-6). 8.87 (lH, d, J = 8.3 Hz, H-l). 

‘H NMR, benzene-d,: 6 0.92 (3H, d, H-17), 1.76 (lH, dd, H-16), 
2.1-2.2 (2H, tn. H-16, H-15), 2.27 (3H, s, H-18), 3.66 (lH, dd, H- 

14), 3.98 (lH, dd, H-14), 7.06 (lH, d, H-3). 7.20 (lH,d, H-7), 7.26 
(lH, dd, H-2), 7.82 (IH, d, H-6), 9.30 (lH, d, H-l). 
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Fig. 1. COSY spectrum ot’the mixture of 1 and 2 obtained from the mother liquor alter two rezr>!,talhzations of the 

danshenspiroketallactone fraction: 1, solid line; 2. dotted line, Aromatic signals oi‘ 1 and 2 comc~dc Ohserwd NOES 
used to assign ‘H sigrrals nf 1 and 2 are indicated b> ai~<iih\ 
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