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Neo-tanshinlactone (1) was isolated and synthesized for the first time and evaluated in vitro
against several human cancer cell lines. Compound 1 showed significant inhibition against
two ER+ human breast cancer cell lines and was 10-fold more potent and 20-fold more selective
as compared to tamoxifen citrate. Compound 1 also potently inhibited an ER-, HER-2
overexpressing breast cancer cell line. Therefore, this novel compound merits further develop-
ment as an anti-breast cancer drug candidate.

Introduction

Breast cancer, the most frequent cancer in women,
is the second leading cause of cancer-related death, and
the present breast cancer therapies achieve meaningful
clinical results in only 30-40% of patients.1 Estrogens
are well recognized to play the predominant role in
breast cancer development and growth, and much effort
has been devoted to the blockade of estrogen formation
and action.1,2 However, expression of the HER-2 recep-
tor is also a significant factor associated with breast
cancer morbidity.3 It is also becoming clearer that cross-
talk between estrogen and growth factor receptor path-
ways occurs and likely is a factor in the pathology and
treatment of breast cancer.4

The most widely used therapy for breast cancer,
which has shown benefits at all stages of the disease,
is the use of an antiestrogen such as tamoxifen.1 Over
30 years of clinical trials and use have established the
clinical merit of tamoxifen but have also highlighted the
critical need for the next generation of drugs that are
more broadly efficacious and have fewer potential side-
effects, especially those from estrogen receptor ago-
nism.5

“Tanshen”, the rhizome of Salvia miltiorrhiza Bunge,
has been used in traditional Chinese medicine (TCM)
for the treatment of coronary heart diseases, particu-
larly angina pectoris and myocardial infarction. The
herb has also been applied for hemorrhage, dismenor-
rhea, miscarriage, swelling, and insomnia.6,7 Numerous
tanshinones were isolated from S. miltiorrhiza, and
diverse medicinal actions were reported, including
antitumor,6 antioxidant,8 antimicrobial,9 antiplatelet

aggregation,10,11 and antiallergic activities.12 The char-
acteristic structural feature of the major constituents
from Tanshen is the presence of ortho- or para-di-
ketones.

As a part of our interest in plant-derived antitumor
drug discovery, a minor component, neo-tanshinlactone
(1), was isolated from the EtOH extract of S. miltior-
rhiza. The structure of 1, as elucidated by extensive
NMR spectroscopy and mass spectrometry, is unique.
For the first time, compound 1 was synthesized, and
the novel structure was unambiguously determined.
Herein we report the isolation, structure elucidation,
and the total synthesis of compound 1 as well as its
selective activity against human breast cancer cell lines
of clinical significance.

Results and Discussion

The concentrated ethanolic extract of the root of S.
miltiorrhiza was suspended in water and then extracted
with EtOAc. The EtOAc extract was subjected to
repeated silica gel chromatography and preparative
TLC to obtain compound 1 (Figure 1).

Compound 1 was obtained as white needles with a
molecular formula of C17H12O3 determined by HREIMS
([M]+, m/z 264.0786). The IR spectrum showed absorp-
tion for a carbonyl group (1726 cm-1). The 1H and 13C
NMR spectra of 1 were similar to those of tanshinlac-
tone (Figure 1), which was isolated from the same
species by Luo et al.13 The 1H NMR spectrum (CDCl3)
of 1 revealed an ABX pattern for 1,2,3-aromatic protons
at δ 8.42 (d, J ) 8.0 Hz), 7.49 (t, J ) 8.0 Hz), and 7.41
(d, J ) 8.0 Hz), and AB pattern for ortho-aromatic
protons at δ 7.84 (d, J ) 8.5 Hz), and 7.79 (d, J ) 8.5
Hz), one vinyl proton at δ 7.39 (q, J ) 1.5 Hz), and two
methyls at 2.68 (s) and 2.37 (d, J ) 1.5 Hz). One signal
at δC 158.7 in the 13C NMR spectrum of 1 indicated the
presence of a lactone ring. This lactone ring is the major
difference between neotanshinlactone and the tanshi-
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nones. On the basis of the above information, the
carbonyl group could be connected to either C-9 or C-12,
and the structure was ambiguous on the basis of
previous work.13 We have now determined the location
of the carbonyl group by HMBC. The observation of
three-bond couplings of the vinyl methyl (H-16) to
quaternary carbon C-12 (δC 110.3) and H-1 to quater-
nary carbon C-9 (δC 149.6) indicated that the carbonyl
group should be connected to C-12. Because C-9 is
connected to the oxygen atom, C-9 was shifted down-
field. The complete assignment of the 1H and 13C NMR
signals of 1 was based on extensive COSY, HMQC, and
HMBC data. Thus, the compound was established to
have structure 1 (Figure 1) and was named as neo-
tanshinlactone.

To confirm neo-tanshinlactone (1)’s unique structure
and to obtain this minor phytochemical constituent in
larger quantity, we decided that total chemical synthesis
was necessary. Our synthetic strategy (Scheme 1) was
to first prepare 5-methyl-1-naphthol (6).14,15 Treatment
of 6 with malonic acid in the presence of PPA at 75 °C
yielded 7.16 Reaction of 7 with chloroacetone in the
presence of HOAc/NH4OAc in toluene/ethanol17 gave the
target product 1. Spectroscopic data of the synthesized
product were identical with those of the natural product
1.

Compound 1 was tested for in vitro anticancer activity
against a variety of human cancer cell lines and showed

unique specific activity. Compound 1 was active against
the MCF-7 cancer cell line at 0.6∼1.2 µg/mL but showed
insignificant activity against other cell lines in the panel
at concentrations up to 10 µg/mL (Table 1). Extended
bioassay studies showed that 1 was active against
estrogen receptor positive (ER+) human breast cancer
cell lines (MCF-7 and ZR-75-1) with ED50 values of 0.6
µg/mL and 0.3 µg/mL, respectively, but was inactive
against two ER- cell lines (MDA MB-231, and HS 587-
T) with ED50 > 10 µg/mL (Table 2, Figure 2). Interest-
ingly, 1 was also active against a HER-2-overexpressing
breast cancer cell line (SK-BR-3, HER-2++), but was
essentially inactive against epidermal growth factor
receptor (EGFR) overexpressing skin cancer or androgen
receptor (AR)-dependent prostate cancer cell lines (A431
and LN-CaP, respectively). The three major tanshi-
nones from Salvia miltiorrhiza, tanshinone I, tanshi-
none IIA, and cryptotanshinone (Figure 1), were tested
against MCF-7 and MDA MB-231 cell lines. The results
are shown in Table 3. The selected tanshinones showed
significant activity against the two cell lines with ED50
values of <1 µg/mL but without selectivity. We also
compared the activity and selectivity of neo-tanshinlac-
tone (1) and tamoxifen citrate (TAM), which is widely
used as an estrogen receptor modulator, against four
human breast cancer cell lines MCF-7, ZR-75-1, MDA
MB-231, and HS 587-T. Tamoxifen citrate was active
against ER+ human breast cancers (MCF-7 and ZR-
75-1) with ED50 values of 5.0 µg/mL and 3.6 µg/mL,
respectively, but was less active against ER- cell lines
(MDA MB-231 and HS 587-T) with ED50 values of 7.0
µg/mL and 8.5 µg/mL, respectively (Table 3, Figure 2).
On the basis of these direct comparisons, compound 1
is 10-fold more potent and 20-fold more selective than
tamoxifen citrate against ER+ and HER-2++ breast
cancer in vitro.

In conclusion, we isolated and synthesized a new
compound, neo-tanshinlactone (1), with strong and
selective anti-breast cancer activity. This compound
might be a useful lead for developing novel and promis-

Figure 1. Structures of neo-tanshinlactone (1), tanshinlac-
tone, and tanshinones.

Scheme 1. Synthesis of Neo-tanshinlactone (1)a

a (i) CH3MgBr, Et2O, reflux, 5 h; (ii) ZnCl2/concd HCl, benzene, 5 h; (iii) 10% Pd/C, triglyme, reflux 3 days; (iv) BBr3, CH2Cl2, reflux,
3 h; (v) malonic acid, PPA, 75 °C, 3 h; (vi) chloroacetone, HOAc/NH4OAc, toluene/EtOH, reflux, 24 h.

Table 1. Cytotoxicity of Neo-tanshinlactone (1)

compound MCF-7a MDA-MB-231 A549

neo-tanshinlactone (1) <2.5 (57) >20 (17) >20 (10)
a Cell line: ED50 µg/mL. % inhibition at test concentration is

the bracketed value.

Brief Articles Journal of Medicinal Chemistry, 2004, Vol. 47, No. 23 5817



ing anti-breast cancer drug candidates. Current data
suggest that neo-tanshinlactone (1)’s mechanism of
action is complex. It is unlikely to be estrogen-receptor-
mediated since SK-BR-3 is a receptor-negative cell line.4
Effects on estrogen formation were not tested, but
MCF-7 has 20-fold lower aromatase activity than SK-
BR-3,4 yet the latter cell line is 3-fold more sensitive
(Table 2, Figure 2). Selective target-interaction down-
stream of the estrogen and HER-2 receptor could
account for the activity profile of compound 1 since
cross-talk between the signaling pathways is known4

but not fully understood. Synthesis of analogues of
compound 1 is in progress with an aim to further
improve the pharmacological profiles for preclinical
testing.

Experimental Section
General Experimental Procedures. Melting points were

determined with a Yanaco micro-melting point apparatus and
are uncorrected. Infrared spectra were obtained on a Nicolet
Avatar 320 FTIR spectrophotometer. Nuclear magnetic reso-
nance spectra were recorded on a Varian UnityInova-500
spectrometer. Chemical shifts are reported in parts per million
(δ) units relative to internal tetramethylsilane. The EIMS
spectrum was measured on a Finnigan GCQ GC/MS spec-
trometer at 30 eV. HREIMS was recorded on a Finnigan MAT
95S mass spectrometer. Column chromatography was per-
formed with E. Merck 230-400 mesh silica gel.

Plant Material. The dried roots of Salvia miltiorrhiza were
purchased from a local herbal drug store in Taipei, and
identified by Mr. Jun-Chih Ou, a research fellow of National
Research Institute of Chinese Medicine (NRICM). A voucher
specimen was deposited in the herbarium of NRICM.

Extraction and Isolation. Slices of the dried roots of S.
miltiorrhiza (5 kg) were extracted with EtOH (3 × 10 L) at
room temperature. The combined EtOH extracts were con-
centrated in vacuo. The residue was then partitioned between
EtOAc and H2O. The concentrated EtOAc extract (2.2 kg) was
subjected to column chromatography over silica gel and eluted
with n-hexane/EtOAc (4:1), n-hexane/EtOAc (1:1), and EtOAc
successively. The first fraction was rechromatographed on
silica gel using a gradient of n-hexane/EtOAc (10:1 to 2:1). The
subfraction was further chromatographed on silica gel eluted
with n-hexane/CH2Cl2 (4:1) to give 1 [160 mg, Rf ) 0.52 (n-
hexane/EtOAc ) 5:1)].

Neo-tanshinlactone (1). White solid (n-hexane/EtOAc);
mp 173-175 °C; IR (KBr) νmax 1726, 1619, 1578, 1379, 1172,
1074, 1010, 770 cm-1; 1H NMR (CDCl3) δ 2.37 (d, J ) 1.5 Hz,
CH3-16), 2.68 (s, CH3-17), 7.39 (d, J ) 1.5 Hz, H-15), 7.41 (d,
J ) 8.0 Hz, H-3), 7.49 (t, J ) 8.0 Hz, H-2), 7.79 (d, J ) 8.5 Hz,
H-7), 7.84 (d, J ) 8.5 Hz, H-6), 8.42 (d, J ) 8.0 Hz, H-1); 13C
NMR (CDCl3) δ 8.6 (CH3-16), 19.6 (CH3-17), 108.0 (C-8), 110.3
(C-12), 116.6 (C-7), 120.4 (C-14), 120.7 (C-1), 120.8 (C-6), 123.5
(C-10), 126.9 (C-2), 128.9 (C-3), 133.2 (C-5), 134.6 (C-4), 141.1
(C-15), 149.6 (C-9), 158.7 (C-11, C-13); EIMS m/z (%): 264 (100,
M+), 184 (13), 165 (9), 128 (9); HREIMS m/z 264.0788 (M+)
(Calcd for C17H12O3: 264.0786).

Synthesis of 5-Methyl-1-naphthol (6). 5-Methoxy-1-tet-
ralone (2) (2 g, 11.3 mmol) was dissolved in 50 mL of
anhydrous diethyl ether, and methylmagnesium bromide (9.5
mL, 28.4 mmol) was slowly added to the solution at 0 °C. The
mixture was then heated to reflux and stirred for 3 h. After
cooling, the reaction mixture was extracted with diethyl ether.
Without purification, the resulting crude product (3) was
dehydrated using concentrated HCl and zinc chloride. After
purification, the product 4 (1.9 g) was obtained. 10% Pd/C (2.3

Table 2. In Vitro Anticancer Profiles of Neo-tanshinlactone (1) and Tamoxifen Citrate (TAM)

mean ED50 values (µg/mL)/cell line

compd
MCF-7
(ER+)

MDA-MB-231
(ER-)

ZR-75-1
(ER+)

HS 587-T
(ER-)

SK-BR-3
(ER-) A431 LN-CaP SW620 PC-3 KB KB-VIN

1 0.6 10 0.3 16 0.2 >10 (35) >10 (28-36) >10 (22) 10 >10 (18) >10 (9)
TAM 5 8 5 9 5 7 6 4 10 9 9

Figure 2. In vitro anticancer profiles of neo-tanshinlactone and tamoxifen citrate (TAM). Data are mean and standard error
from several independent experiments (n ) 2-4). Neo-tanshinlactone is shown in panel A and tamoxifen citrate is shown in
panel B. The specific tumor cells used are: SK-BR-3 (open squares), HS 587-T (closed circles), ZR-75-1 (open triangles), MCF-7
(open circles), MDA-MB-231 (closed squares). Labeled arrows are also used to identify cell lines in panel A to facilitate review.

Table 3. Cytotoxicity of Three Major Tanshinones

compound MCF-7a MDA-MB-231

tanshinone I 0.82 0.75
tanshinone IIA 0.38 0.70
cryptotanshinone 0.41 0.16

a Cell line: ED50 in µg/mL.
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g) was added to a solution of 4 in triglyme (15 mL), and the
mixture was heated to reflux for 3 days to furnish compound
5 (1.4 g). To a solution of 5 in anhydrous dichloromethane (20
mL) was added a solution of boron tribromide in dichloro-
methane (1.0 M, 24 mL) dropwise at 0 °C. The mixture was
heated to reflux and stirred for 3 h to give the desired naphthol
intermediate 6 (1.2 g) after silica gel chromatography. The
total yield over four steps (2 f 6) was 70%. mp 93-94 °C; 1H
NMR (CDCl3) δ 2.67 (s, 3H), 5.30 (s, 1H), 6.83 (d, J ) 7.5 Hz,
1H), 7.31-7.41 (m, 3H), 7.58 (d, J ) 8.4 Hz, 1H), 8.06 (d, J )
8.1 Hz, 1H).

Synthesis of 4-Hydroxy-7-methyl-benzo[h]chromen-2-
one (7). The mixture of 5-methyl-1-naphthol (6) (1.0 g, 6.33
mmol), malonic acid (658 mg, 6.33 mmol), and PPA (10 g) was
heated at 75 °C for 3 h. After the reaction, ice-water was
added to the black residue. The solid was filtered, dissolved
in 10% Na2CO3 solution, and stirred overnight. The basic
solution was filtered, and the filtrate was acidified with 2 N
HCl solution until the pH was about 4. The precipitate was
then filtered and purified by silica gel chromatography to yield
7 (620 mg, 43%) as a yellow solid. mp 223-225 °C; 1H NMR
(DMSO-d6) δ 2.69 (s, 3H), 5.70 (s, 1H), 7.57-7.61 (m, 2H), 7.86
(d, J ) 9.0 Hz, 1H), 7.92 (d, J ) 9.0 Hz, 1H), 8.23 (d, J ) 7.5
Hz, 1H), 12.8 (br s, 1H).

Synthesis of Neo-tanshinlactone (1). To a solution of 7
(50 mg, 0.22 mmol) in toluene (8 mL) was added a mixture of
HOAc (66 mg, 1.1 mmol) and NH4OAc (80 mg, 1.1 mmol) in
EtOH (2 mL) and chloroacetone (103 mg, 1.1 mmol). The
mixture was refluxed 24 h. After cooling, the mixture was
diluted with H2O and extracted with EtOAc. The organic layer
was dried over Na2SO4, filtered, and evaporated. The residue
was purified by column chromatography to give 1 (35 mg, 60%)
as a white solid. The spectroscopic data of synthetic compound
1 were identical with those of the natural product 1.

In Vitro Anticancer Assay.18 All stock cultures were
grown in T-25 flasks. Freshly trypsinized cell suspensions were
seeded in 96-well microtiter plates at densities of 1500-7500
cells per well with compounds added from DMSO-diluted stock.
After 3 days in culture, attached cells were fixed with cold 50%
trichloroacetic acid and then stained with 0.4% sulforhodamine
B (SRB). The absorbency at 562 nm was measured using a
microplate reader after solubilizing the bound dye. The mean
ED50 is the concentration of agent that reduces cell growth by
50% under the experimental conditions and is the average
from at least three independent determinations that were
reproducible and statistically significant (Figure 2). The fol-
lowing human tumor cell lines were used in the assay: A549
(non small cell lung cancer), MCF-7 (estrogen receptor positive
breast cancer), ZR-75-1 (estrogen receptor positive breast
cancer), MDA-MB-231 (estrogen receptor negative breast
cancer), HS 587-T (estrogen receptor negative breast cancer),
SK-BR-3 (HER-2-overexpressing breast cancer), A431 (EGFR-
overexpressing skin cancer), LN-CaP (AR-dependent prostate
cancer), SW620 (colon cancer), PC-3 (prostate cancer), KB
(nasopharyngeal carcinoma), KB-VIN (vincristine-resistant KB
subline). All cell lines were obtained from the Lineberger
Comprehensive Cancer Center (UNC-CH) or from ATCC
(Rockville, MD) and were cultured in RPMI-1640 medium
supplemented with 25 mM HEPES, 0.25% sodium bicarbonate,
10% fetal bovine serum, and 100 µg/mL kanamycin.
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