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Abstract—A new abietane, namely, 20-hydroxyferruginol (1), together with known ferruginol (2), 18-hydroxyferruginol (3), sugiol
(4), and 6a-hydroxysugiol (5), were isolated from the cones of Sequoia sempervirens. Their structures were elucidated through spec-
tral data. Compounds 1 and 5 strongly inhibited colon, lung, and breast human tumors and oncogene transformed cells with GI50

2–5 lg/mL.
� 2005 Elsevier Ltd. All rights reserved.
Cancer remains the second leading cause of death in
most of the countries and as a result there is a need
for effective compounds. In continued screening of plant
extracts for potential anticancer agents,1–5 we found that
the methanol extracts of the cones of Sequoia sempervi-
rens inhibited the growth of human tumor cells. The
methanol extract of the dried cones of S. sempervirens
was fractionated by silica gel flash chromatography elut-
ing with 10–40% ethylacetate in hexane.6 Active frac-
tions were further purified by silica and C-18 column
chromatography. Finally, the colorless solid a new abie-
tane, 20-hydroxyferruginol (1), and four known com-
pounds, ferruginol (2),7 18-hydroxyferruginol (3),7

sugiol (4),8 and 6a-hydroxysugiol (5),9 were obtained
by preparative reverse phase HPLC (YMC J�sphere
ODS-H80, 250 · 20 mm ID column). In this communi-
cation, we report the structure of 1 and anti-tumor activ-
ities of the isolated compounds.

Abietane diterpenes are widely distributed, naturally
occurring products in the plant kingdom. Many of them
were isolated from Taiwania cryptomerioides, Thuja
standishii, Cedrus atlantica, Juniperus formosana, Cepha-
lotaxus harringtonia, Cryptomria japonica, Vitex rotundi-
folia, and Salvia species. They exhibit significant
biological activities including anti-biotic, anti-tumor,
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anti-tuberculous, anti-malarial, and anti-oxidant ef-
fects.10–12 Due to their wide distribution and interesting
biological activities, many studies of isolation and iden-
tification of the compounds have been reported.13,14

The structure of 1 was elucidated by interpretation of
NMR and mass spectral data. Analysis of HRFABMS
([M]+, m/z 302.2246) and 13C NMR spectrum of 1 led
to a molecular formula C20H30O2, which indicated six
degrees of unsaturation (see Table 1 for 1H and 13C
NMR spectral data). The 13C NMR of 1 exhibited 20
carbons, which revealed carbon signals for four methyls,
six methylenes (one bearing oxygenated), four methines
(two aromatic hydrogens), and six quaternary carbons.
The HMQC experiment and DEPT spectrum served in
identifying the protons attached to a specific carbon.

The existence of cyclohexane and aromatic moieties
shown in the partial structure A (Fig. 1) was determined
as follows. Proton–proton connectivity, H-1 through
H-3, and H-6 through H-7 were observed in the
1H–1H COSY spectrum. The chemical shifts of C-20
(51.05 ppm) suggested that it was substituted with oxy-
gen. In the DEPT experiment, the carbon (C-20) was as-
signed as a methylene group. In the HMBC experiment,
correlations of a nonprotonated carbon C-10 (72.20
ppm) with H-7 and H-20, a quaternary carbon C-
4 (34.38 ppm) with H-3 and H-5, and that of an aro-
matic C-9 (135.02 ppm) with H-7 and H-20 were ob-
served. Hence, the structure of isolated compound 1
was thought to be an abietane diterpene. Two- and
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Figure 2. Selected HMBC correlations of compound 1.

Table 2. Growth inhibitory activity of compounds 1–5 against human

tumor cell linesa

Cell line Compound GI50 (lg/mL)

Colon (SW620) 1 8.22 ± 0.41b

2 < 50

3 < 50

4 < 50

5 3.98 ± 0.65

Colon (HCT116) 1 4.34 ± 0.33

2 < 50

3 < 50

4 < 50

5 2.52 ± 0.42

Breast (MDA-MB-231) 1 8.34 ± 0.25

2 < 50

3 < 50

4 < 50

5 3.64 ± 0.65

Lung (NCI-H23) 1 2.8 ± 0.37

2 < 50

3 < 50

4 < 50

5 2.21 ± 0.61

Lung (A549) 1 2.9 ± 0.37

2 < 50

3 < 50

4 < 50

5 1.42 ± 0.71

a Anti-tumor agent, adriamycin was used as control of cytotoxicity

evaluation (GI50, lg/mL).
b Results are expressed as mean ± SD.

Table 1. NMR data of 20-hydroxyferruginol (1, 400 MHz, in CDCl3)

Atom no dC dH HMBC (C ! H)

1 41.63 1.61 (m) 3, 20

1.94 (m)

2 18.72 1.47 (m) 3

1.87 (m)

3 42.36 1.30 (m) 1, 2

1.47 (m)

4 34.34 3, 5

5 58.01 1.41 (m) 7, 20

6 24.35 1.21 (m) 7

2.06 (m)

7 35.28 2.70 (m) 6, 14

2.78 (m)

8 132.72 7, 14

9 135.02 7, 11, 20

10 72.20 7, 20

11 118.69 6.74 (s) 20

12 152.07 11, 14

13 133.32 15

14 126.62 6.91 (s) 7, 15

15 26.47 3.22 (sept) 14

16 22.88 1.22 (d) 15

17 22.55 1.21 (d) 15

18 32.25 0.95 (s)

19 21.74 0.92 (s)

20 51.05 3.05 (d) 11

2.61 (d)
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three-bond HMBC correlations between the methyl
groups and their respective neighboring carbons also
supported the partial structure B in Figure 2. C-13
and the isopropyl group were connected, which was con-
firmed by the HMBC correlation C-13 (68.14 ppm) and
H-15 (3.22 ppm).

The relative stereochemistry of 1 was determined by the
analysis of NOESY experiments in which strong NOEs
between H-20 and H-11 and between H-5 and H-2 were
observed.

As already mentioned, isolated compounds belong to an
abietane diterpene, which exhibits a wide range of bio-
logical activities. Even though Gao and Han reported
cytotoxic abietane diterpenes,15 until this report, there
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Figure 1. Structure of isolated compounds 1–5.
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has been no report concerning the anti-tumor effects of
ferruginols and sugiols.

To determine the inhibitory activity of tumor cell
growth of isolated compounds, compounds 1–5 were
treated with several human tumor cell lines including
SW620 (colon), MDA-MB-231 (breast), HCT116 (co-
lon), NCI-H23 (lung), and A549 (lung). Growth inhibi-
tory activities of the compounds were summarized in
Table 2.16 As shown in Table 2, growth inhibitory activ-
ity of 20-hydroxyferruginol (1) and 6-hydroxysugiol (5)
with a hydroxyl group is more than 10 times stronger
than that of ferruginol (2) and sugiol (4). However,
18-hydroxyferruginol (3) having a hydroxyl group did
not inhibit any human tumor cells. Therefore, it is very
hard to tell about the structure–activity relationship
from this study. In the experiments with oncogenic
H-ras transformed cells, compounds 1 and 5 strongly
inhibited H-ras transformed rat2 cells in a dose-depen-
dent manner with GI50 2.3 and 3.5 lg/mL, respectively.

In summary, we isolated a new abietane diterpene 1 and
elucidated the structure using NMR and mass spectral
data. Anti-tumor activities of compounds 1 and 5 in hu-
man tumor and oncogene transformed cells support that
the compounds will be a good lead molecule for the
development of anti-tumor agents.
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