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Abstract—Salvianolic acid L, a rosmarinic acid dimer, was isolated from Salvia officinalis and identified as 7,8-dihydroxy-2-(3,4-
dihydroxyphenyl)-1,2-dihydronaphthalene-1,3-dicarboxylic acid di(1-carboxy-2-(3,4-dihydroxyphenyl))ethyl ester. Two novel
hydrolytic products 7,8-dihydroxy-2-(3,4-dihydroxyphenyl)-1,2-dihydronaphthalene-1,3-dicarboxylic acid and the corresponding
3-monoester were also isolated and characterized. Salvianolic acid L showed strong free radical scavenging activities for DPPH
and superoxide anion radicals. © 2001 Published by Elsevier Science Ltd.

Sage (Salvia officinalis) is a common herbal plant
widely cultivated for culinary purposes and its well-
known antioxidant properties are attributed mainly to
the presence of carnosic acid and rosmarinic acid.1

Recent studies on sage by Ho and his co-workers2

revealed the presence of other phenolic compounds that
possess moderate antioxidant activities, while our work
on New Zealand cultivated sage has led to the identifi-
cation of several novel compounds3 which display
potent antioxidant activities based on their capacity to
scavenge free DPPH (1,1-diphenyl-2-picrylhydrazyl)
radical and the xanthine/xanthine oxidase system gener-
ated superoxide anion radical.4 Further examination of
the sage extract has led to the isolation of another
rosmarinic acid dimer to which we give the name
salvianolic acid L (1) in line with past practice. This
report deals with elucidation of the structure of this
compound by NMR spectroscopy and by acid hydroly-
sis as well as an examination of its antioxidant activity.

Salvianolic acid L was isolated as a brownish powder
from a 70% aq. acetone extract of sage by repeated
chromatography on Sephadex LH20 column with 50%

aq. ethanol. Its 13C NMR chemical shifts5 showed
similarity to those of rosmarinic acid (2)3a except that
there were twice as many carbon signals as those
observed for rosmarinic acid. The four carboxylic acid
carbon signals were observed at � 169–178 and in
addition there were eight phenoxy carbon signals at �
144–150, two oxygenated methine carbon signals at �
78 and two methylene carbon signals at � 38, all of
which suggested salvianolic acid L to be a dimerized
rosmarinic acid. The 1H NMR (Table 1), however,
showed only three ABX resonance systems in the aro-
matic region instead of the expected four for catechol
moieties. The double bond proton signals were also
absent. Two AX2 resonance systems were observed in
the aliphatic region which were consistent with two
-CH(O-)-CH2- moieties and two broad singlets at �
4.28 and 4.45 that were characteristic for H-1 and H-2
in 1,2-dihydronaphthalene moiety as found in
rabdosiin6 and yunnaneic acid G.7 These clearly sug-
gested that salvianolic acid L was a condensation
product of two rosmarinic acid molecules formed via an
oxidative cyclization leading to the formation of 1,2-

Keywords : Salvia officinalis ; Labiatae; salvianolic acid L; 7,8-dihydroxy-2-(3,4-dihydroxyphenyl)-1,2-dihydronaphthalene-1,3-dicarboxylic acid
di(1-carboxy-2-(3,4-dihydroxyphenyl))ethyl ester; antioxidant; hydrolytic products.
* Corresponding author. Fax: +64-4-5690055; e-mail: y.lu@irl.cri.nz

0040-4039/01/$ - see front matter © 2001 Published by Elsevier Science Ltd.
PII: S0040 -4039 (01 )01738 -5



Y. Lu, L. Y. Foo / Tetrahedron Letters 42 (2001) 8223–82258224

Table 1. 1H NMR data of salvianolic acid L (1) and its
two hydrolytic products 3 and 4

H 1 3 4

4.26 d (1.0)1 4.26 d (1.0)4.28 d (1.5)
4.52 s 4.50 s2 4.45 s
7.68 s7.54 s 7.69 s4

6.83 br s5 6.82 d (8.1) 6.84 d (8.1)
6.75 d (8.0)6 6.76 d (8.0)6.83 br s
6.58 d (2.1)6.58 d (2.0) 6.56 d (2.2)12

6.57 d (8.8)15 6.58 d (8.1) 6.57 d (8.1)
16 6.20 dd (8.2, 2.0) 6.49 dd (8.2, 6.42 dd (8.2, 2.1)

2.0)
2� 6.77 d (2.0)6.83 br s
5� 6.76 d (8.1) 6.72 d (8.0)
6� 6.67 dd (8.1, 2.0) 6.61 dd (8.1, 2.0)

2.95 dd (14.1, 9.8) 3.01 dd (14.2, 7.7)7�a
7�b 3.08 dd (14.2, 5.0)3.08 dd (14.0, 3.9)

4.93 dd (9.8, 3.3) 5.11 dd (7.6, 4.9)8�
6.48 d (1.7)2��
6.57 d (8.8)5��
6.11 dd (8.1, 2.0)6��
2.67 dd (14.4,7��a
10.1)

7��b 2.88 dd (14.2, 2.8)
8�� 4.83 dd (10.0, 3.0)

hydroxyl groups in the 1,2-dihydronaphthalene were at
C-7 and C-8. Thus, salvianolic acid L was identified as
7,8-dihydroxy-2-(3,4-dihydroxyphenyl)-1,2-dihydrona-
phthalene-1,3-dicarboxylic acid di(1-carboxy-2-(3,4-
dihydroxyphenyl))ethyl ester.

The identity of salvianolic acid L was corroborated by
acid hydrolysis (Scheme 1), which yielded two prod-
ucts, 7,8-dihydroxy-2-(3,4-dihydroxyphenyl)-1,2-dihy-
dronaphthalene-1,3-dicarboxylic acid (3) and its
3-monoester (4) together with the known 3-(3,4-dihy-
droxyphenyl)lactic acid (5). The structures of com-
pounds 3 and 4 were fully elucidated and assigned
using 2D NMR techniques.8 Compound 3 showed
similar NMR chemical shifts to those of the relevant
moiety of 1. Evidence for the 7,8-dihydroxy-1,2-dihy-
dronaphthalene ring in the 1H NMR spectrum of 3
was shown by the two mutually coupled doublets at �
6.82 and 6.75 for H-5 and H-6, respectively. That
compound 4 was the monoester of 3 was apparent
from both the 1H (Table 1) and 13C NMR data. The
position of esterification was deduced to be at the
carboxylic acid located on C-3 of the 1,2-dihydronaph-
thalene ring by HMBC, which showed long range cou-
pling between the quaternary carbon signal at � 168.4
(C-17) and the doubled doublet proton signal at �
5.11 (H-8�).

Salvianolic acid L showed potent antioxidant activity
as assessed by its capacity to scavenge DPPH and
superoxide anion radicals.4,9 A comparison of its
potency with trolox with the activity expressed as EC50

(the effective concentration of antioxidant necessary to
decrease the initial DPPH by 50%) and the SOD
(superoxide dismutase) equivalent activity (units/mg) is
shown in Table 2. Salvianolic acid L was a signifi-
cantly better scavenger of these free radicals than
trolox, caffeic acid and rosmarinic acid, the latter
being the major phenolic antioxidant in sage.

dihydronaphthalene ring structure. This deduction was
supported by ES-MS, which showed an [M−H]− at
m/z 717 consistent with the molecular formula of
C36H30O16 and being two hydrogen atoms less than
the sum of two rosmarinic acid molecules. The
remarkable difference in chemical shifts of H-1/H-2 of
salvianolic acid L (� 4.28/4.45) compared to those of
rabdosiin (� 4.56/3.93) or yunnaneic acid G (� 5.09/
4.00) suggested that salvianolic acid L had different
substituents on those positions. Further, HMBC
experiments showed that the H-2 was long range cou-
pled to C-4 (� 139.7), C-9 (� 120.6), C-12 (� 116.2),
C-16 (� 120.2) and the two carboxylic ester carbons (�
168.9 and 174.1) while H-1 was correlated with C-3 (�
127.0), C-8 (� 144.3), C-10 (� 125.8) and C-11 (�
133.7), thus showing that the dihydroxyphenyl group
was attached to C-2 of the 1,2-dihydronaphthalene
structure. This configuration indicated that the dimer-
ization of rosmarinic acid was head-to-tail in salviano-
lic acid L in contrast to head-to-head type found in
both rabdosiin and yunnaneic acid G. The association
between H-1 and C-8 also showed that the two

Table 2. Antioxidant activities of salvianolic acid L (1)10

Compound DPPH (EC50) SOD (units/mg)

0.09Salvianolic acid L 300
Trolox 150.48

0.24Caffeic acid 260
Rosmarinic acid 0.21 230

Scheme 1. Acid hydrolysis of salvianolic acid L (1).
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