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Diabietane ether (1), a new abietane dimer connected by an
ether linkage, and two known abietane diterpenoids (2 and 3)
were isolated from the needles of Taxus cuspidata.
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Introduction

Yew trees are a significant source of paclitaxel
(Taxol R©), one of the most promising drugs against
ovarian and breast cancer currently under clinical use.
Although more than 500 taxane diterpenoids were iso-
lated from yew trees to date [1 – 3], new biologically
active compounds still have to be explored. In the con-
tinuation of our investigation of the composition of
yew trees, one new abietane dimer with an ether link-
age and two known abietane diterpenoids were found
from the needles of the Japanese yew, Taxus cuspidata
Sieb. et Zucc (Fig. 1). In this paper, we report the iso-
lation and structure elucidation of these compounds.

c© 2011 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com

Fig. 1. Abietanes isolated from Taxus cuspidata.

Results and Discussion

Compound 1 was isolated as an amorphous solid. Its
molecular formula was elucidated as C41H60O5 from
HR-FABMS analysis and 13C NMR spectral data (Ta-
ble 1). The 1H NMR spectrum showed the presence
of six singlet methyl (δH = 0.90, 0.984, 1.08, 1.10,
1.29, 1.37), four doublet methyl (δH = 0.971, 1.04,
1.14, 1.19), one methoxy (δH = 3.15), and four oxyme-
thine (δH = 3.27, 3.27, 4.01, 4.88) groups. The HMBC
analysis revealed that the four doublet methyl and two
methine (δH = 3.09, 3.27) signals made up two sets
of isopropyl groups connected to aromatic rings (Ta-
ble 1). In addition, four singlet proton signals (δH =
6.851, 6.858, 6.96, 7.95) were observed in the aromatic
region. These data suggested that 1 was composed of
two sets of similar structural fragments. Considering
the 12 degrees of unsaturation from the chemical for-
mula and the presence of two aromatic rings, 1 had to
be a dimer of a tricyclic aromatic diterpenoid. Detailed
HMBC analysis revealed that both components had an
abietane framework. One component, with only two
oxygen (hydroxy or alkoxy) functional groups on C-3
and C-12 positions, was identified as a hinokiol deriva-
tive [4], while the other with four oxygen functional
groups on C-3′, C-6′, C-7′, and C-12′ has not been re-
ported to date. Then, the connectivity of the two abi-
etane fragments was clarified by the HMBC correlation
from H-6′ to C-12. The linkage should be an ether bond
because there was one extra oxygen atom in the chemi-
cal formula, and because of the low-field chemical shift
value of H-6′ (δH = 4.88) and C-12 (δC = 152.1). The
HMBC analysis also showed that one methoxy group
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Position δ (H) mult J (Hz) δ (C)a HMBCb

1-eq 2.36 (dt) 12.9, 3.4 37.9
1-ax 1.55 (m)
2 –c –c

3 3.27 (o.m) 78.1
4 – 39.3
5-ax 1.31 (m) 50.9
6-eq 1.89 (m)
6-ax 1.75 (m) 19.7
7-eq 2.88 (dd) 16.4, 6.3 30.5 6, 9, 14
7-ax 2.77 (ddd) 16.4, 12.4, 7.3 6, 9, 14
8 – 127.3
9 – 148.3
10 – 38.0
11 7.05 (s) 108.6 8, 9, 10, 12, 13, 15w

12 – 152.1
13 – 135.1
14 6.858 (s) 127.3 7, 9, 11,w 15
15 3.09 (sept) 6.9 26.4
16 1.04 (d) 7.1 22.9 13, 15, 17
17 0.971 (d) 7.1 23.5 13, 15, 16
18 (eq) 1.08 (s) 28.6 3, 4, 5, 19
19 (ax) 0.90 (s) 15.9 3, 4, 5, 18
20 1.29 (s) 25.2 5, 9, 1/10
1-eq′ 2.09 (o.m) 37.9
1-ax′ 1.68 (td) 12.5, 4.6
2′ –c –c

3′ 3.27 (o.m) 78.1
4′ – 40.2
5′ 1.57 (d) 8.1 55.6
6′ 4.88 (d) 8.1 78.1 4′, 5′, 7′, 8′,12
7′ 4.01 (s) 81.9 5′, 6′, 8′, 9′, 14′
8′ – 123.5
9′ – 150.5
10′ – 37.9
11′ 6.851 (s) 110.6 7′,w 8′, 9′, 10′, 12′, 13′
12′ – 155.7
13′ – 131.4
14′ 6.96 (s) 130.3 7′, 9′, 10′,w 11′,w 12′ , 15′
15′ 3.27 (o.m) 27.0
16′ 1.19 (d) 6.8 22.8 13′, 15′, 17′
17′ 1.14 (d) 6.8 22.7 13′, 15′, 16′
18′ (ax) 1.10 (s) 17.3 3′, 4′, 5′, 19′
19′ (eq) 0.984 (o.s) 29.7 3′, 4′, 5′, 18′
20′ 1.37 (s) 25.4 5′, 9′, 1′/10′
OMe 3.15 (s) 55.0 7′

Table 1. 1H and 13C NMR spectral data
for compound 1 (500 MHz for 1H and
125 MHz for 13C, in CDCl3).

a The 13C chemical shifts were extracted
from the HMQC experiment (±0.2 ppm).
The numbers in bold character represent
quaternary carbons whose chemical shifts
were obtained from the HMBC experiment
(±0.2 ppm); b intensities are marked as
weak (w); c not identified.

is attached to C-7′. Thus, C-3, C-3′, and C-12′ had free
hydroxy groups.

The relative stereochemistry was investigated by the
NOESY experiment (Fig. 2). The strong NOE correla-
tions of H-3′/H-5′, H-6′/H-20′, and H-6′/H-7′ revealed
a 3′β ,6′α,7′α-configuration of the oxygen functions,
and a 5′α-H,20′β -Me-trans-fused A′/B′ ring. In addi-
tion, the conformation of the ether linkage was eluci-
dated as shown in Fig. 2 by the NOE correlations of
H-11/H-6′ and H-11/H-7′. The relative configuration
of the hinokiol fragment was determined by compar-

ing the 1H NMR data with those reported [4b, 5]. Ac-
cordingly, the whole structure of 1 was elucidated to be
12-O-(7′-methoxyhinokiol-6′-yl)hinokiol, named dia-
bietane ether.

Dimeric diterpenes are of rare occurrence in na-
ture [6, 7], most of them apparently arising as the re-
sults of a Diels-Alder-type reaction of two monomeric
moieties [8], or of a macrodiolide or a macrocyclic
hemiacetal [9]. Compound 1 appears to be particu-
larly interesting because the two monomers are con-
nected through a single ether linkage, which, to the best
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Fig. 2. Dotted arrows denote selected NOE correlations, and
solid arrows indicate key HMBC correlations (H→C) of 1.

of our knowledge, is only the second example among
the dimeric diterpenes [10]. A macrodiolide [9], and
dimers with two ether or hemiacetal linkages have been
reported [11].

Compound 2, obtained as an amorphous powder,
was identical with margocillin first isolated from
neem trees Azadirachta indica [12], and also from T.
mairei [5].

Compound 3, obtained as a colorless powder, was
identical with taxamairin C [5, 13] isolated from the
bark of T. mairei, from the bark of T. yunnanensis [14],
from callus cultures of T. baccata [15], and from T.
cuspidata [16].

Experimental Section
General

Optical rotation: Jasco DIP-370. NMR spectra: Bruker
Avance-500 spectrometer. FAB-MS: Vacuum Generators
ZAB-HS. Flash chromatography: Silica gel 60 (230 –
400 mesh EM Science). Thin layer chromatography: Silica
gel 60 F254 (0.5 mm, EM Science). Preparative HPLC: Wa-
ters Delta Prep 3000 and UV 486 with Partisil 10 ODS-2
MAG-20 column (22×500 mm).

Plant material

The needles of Taxus cuspidata were collected in the
autumn of 2000 at Tsutsuzigaoka Park, Sendai City in
the northeast of Japan. The taxonomic identification of the
plant material was performed by Professor Takashi Oritani

of Toyama Prefectural University, Toyama, Japan. Several
voucher specimens have been conserved in the Laboratory
of Applied Bioorganic Chemistry, Graduate School of Agri-
cultural Sciences, Tohoku University, Japan.

Extraction and isolation

Air-dried needles (3.0 kg) of T. cuspidata were extracted
with 16 L of methanol at r. t. The combined organic extracts
were evaporated under reduced pressure. Water (2 L) was
added and subsequently defatted with hexane (3×2 L). The
aqueous phase was then salted and extracted with CH2Cl2.
The resulting CH2Cl2 extracts were evaporated yielding 45 g
of a dark-green mass. A portion of the methylene chlo-
ride extract (38 g) was subjected to flash column chro-
matography. Successive elution with CH2Cl2-MeOH gra-
dient (5 % to 45 %) yielded 32 fractions (FrD-1 to FrD-32)
on the basis of TLC. The combined fraction of FrD-25 to
FrD-29 was loaded onto a silica gel column and eluted using
stepwise gradients of hexane-acetone to furnish 20 fractions
(FrD-25-1 to FrD-25-20). The fractions FrD-25-16 to FrD-25-18
were chromatographed over silica gel eluting with hexane-
acetone (1 : 1 and 2 : 3) to yield 15 subfractions (FrD-25-16-1 to
FrD-25-16-15). Fractions FrD-25-16-10 to FrD-25-16-12 were ap-
plied to a preparative TLC, developed with hexane-acetone
(3 : 4) to yield a residue (13 mg, Rf = 0.56). Further pu-
rification was achieved by preparative HPLC, eluted with a
linear gradient of acetonitrile in water from 25 % to 100 %
in 50 min at a flow rate of 3 mL min−1 and finally provided
compound 1 (2.0 mg, tR = 23.2 min).

12-(3′β ,12-Dihydroxy-7′α-methoxy-abieta-8′ ,11′,13′-trien-
6′α-yl)oxyabieta-8,11,13-trien-3β -ol (diabietane ether, 1)

Gum; [α]22
D = +28 (c = 0.040, CHCl3). – HRMS

((+)-FAB): m/z = 671.4064 (calcd. 671.4073 for
C41H60O5K, [M+K]+).
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