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Abstract—The structure of a new abietanoid pigment from the Chinese traditional medicine Dan-shen. Salvia

miltiorrhiza, was isolated and its structure determined by NMR spectroscopy.

INTRODUCTION

The dried roots of the Chinese sage. Salvia miltiorrhiza
Bunge, are used in the traditional medicine, Dan-shen, to
treat heart disease, [ 1] hepatitis, [ 2] and more recently, in
the treatment of tuberculosis [3, 4] and leprosy [5].
Numerous abietanoid pigments have been isolated from
this drug and identified as physiologically active natural
products [6-13]. Several synthetic investigations have
also been devoted to these compounds [14-217. The
activities of these Dan-shen constituents in the pure state,
however, has not matched the activity of the crude drug
itself [10]. For this reason. considerable effort is still being
devoted to identifying the minor constituents of this
traditional medicine. as well as determining the most
effective mixture of components for ehciting its thera-
peutic value.

Recently. the structure of a new spirolactone, named
danshenspiroketallactone (1) was determined by X-ray
analysis [12]. In our work on the constituents of Dan
Shen, we have also isolated I, but prior to recrystalliz-
ation. had been unable to separate 1 f{rom a minor
compound by any chromatographic method. We have
now identified this minor component as epi-
danshenspiroketallactone (2). For reasons discussed
below, we demonstrate that 2 is not an artifact of the
isolation process (via epimerization ot 1), but more likely
that 1 results tfrom the epimerization of 2.

* Authors to whom correspondence should be addressed.

RESULTS AND DISCUSSION

The 957, ethanolic extract of Dan-shen was frac-
tionated as previously described [11]. The residue trom
evaporation of the mother liquor from the tanshinone HA
recrystallization yielded 50 mg of ether sojuble material.
Chromatography on silica gel with cyclohexane and
cyclohexane-CH,Cl, atforded I and 2 as a 7:1 mixture
(1:2), and tanshinlactone (3) [ 13]. An exhaustive effort to
resolve 1 and 2 with normal and reverse phase HPLC
using numerous selvent systems was not successtul
Recrystallization from ethanol. however, gave pure 1 and
a mother liquor enriched in 2. thus accounting for the
ability of the Shanghai group to obtained 1 1 pure form
for X-ray analysis [ 12]. Two additional recrystallizations
ultimately afforded & 4:6 muxture of 1:2 (3 mg total wt).
Due to the limited amount of material. no further
attempts to purity 2 via additional recrystallizations were
made.

From both the 'H and O NMR specira it was
apparent that 1 and 2 were epimers {Table 11 with only the
"H- and "’C-nuciei of the 1soprene moteties differing in
their chemical shift values. The mass spectrum also
indicated only a single motecular ton (EIMS: M ™ at miz
268). The ‘H-homonuclear coupling connectivities of the
isoprene moieties of 1 and I could be independently
mapped in the 'H-homonuclear COSY spectrum (Fig. 1)
of the mitially obtained mixture (prior to recrystailiz-
ation). The "H-aromatic signals o1 1 and 2 coincided m
benzene-d,.

Additional NMR ovidence revealed 2 to be the C-15
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Table 1. '*C NMR chemical shifts of compounds
1and 2 (100 MHz, 93.93 kG, CDCl;, TMS as int.

standard)*
C 1 2
1 118.1d 118.04
2 13184 1319d
3 128.8d 1288 d
4 13505 1350 s
5 12205 1220
6 1284d 128.4d
7 12204 1220d
8 146.9 s 146.9 s
9 129.2 s 1292 s
10 13335 1333 s
11 168.2 s 168.2 s
13 113.1s 1131 s
14 7751t 77.5¢
15 329d 3374
16 4561 445
17 17.7¢q 1844
18 2024 2024

* 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 2D-NOE experiment (benzene-dg, 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-15 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 CHCI; 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 HCI (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 '*C NMR spectra were recorded at 93.93 kG
(400 MHz for 'H, 100 MHz for *C) in CDCl; unless otherwise
stated, TMS as int. standard. DEPT experiments confirmed the
multiplicities of the !3C 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: 61.33 (3H,d, J = 7.0 Hz,
H-17), 2.24) (1H, dd, J = 13.3, 4.6 Hz, H-16), 2.72 (1H, dd, J
=133, 9.7 Hz, H-16), 2.76 (3H, s, H-18), 2.7 (1H, m, H-15,
overlapped by H-18 methyl), 3.95 (1H, dd, J = 7.5, 8.6 Hz, H-14),
444 (1H,dd,J = 7.5,7.5 Hz, H-14),7.47 (1H,d, J = 6.7 Hz, H-3),
7.54 (1H,d,J = 8.7 Hz, H-7), 7.60 (1H, dd, J = 6.7, 8.3 Hz, H-2),
835 (1H, d, J = 8.7 Hz, H-6), 8.87 (1H, 4, J = 8.3 Hz, H-1).
"H NMR, benzene-ds: 6 0.92 (3H, d, H-17), 1.76 (1H, dd, H-16),
2.1-2.2 (2H, m, H-16, H-15), 2.27 (3H, s, H-18), 3.66 (1H, dd, H-
14),3.98 (1H, dd, H-14), 7.06 (1H, 4, H-3), 7.20 (1H, d, H-7), 7.26
(1H, dd, H-2), 7.82 (1H, d, H-6), 9.30 (1H, 4, H-1).
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Fig. 1. COSY spectrum of the mixture of 1 and 2 obtained from the mother liquor after two recrystallizations of the
danshenspiroketallactone fraction: 1, solid line; 2, dotted line. Aromatic signals of 1 and 2 coincide. Observed NOE's
used to assign 'H signals of 1 and 2 are indicated by arrows
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