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A new 11(15f1)-abeotaxane diterpene, taxumairol K (1), has been isolated from the ethanolic
extract of the roots of Formosan Taxus mairei (Lemee & Levl.) S. Y. Hu. The structure of 1
was determined as 9R-(benzoyloxy)-2R,4R-diacetoxy-5â,20-epoxy-1â,7â,10â,13R-tetrahydroxy-
11(15f1)-abeotaxane on the basis of spectral analysis. Taxumairol K (1) exhibited mild
cytotoxicity against HeLa tumor cells.

The discovery of paclitaxel as a clinically useful
antitumor agent has stimulated great interest in search-
ing for practical and renewable sources of paclitaxel and
other taxoids.1-8 Taxus mairei (Lemee & Levl.) S. Y.
Hu (Taxaceace) is an evergreen shrub distributed over
mountainous regions of the northern and central parts
of Taiwan. The roots of T. mairei have been used in
Chinese folk medicine for thetreatment of diabetes.9
Previous studies on the diterpenoids in the roots of T.
mairei have resulted in the isolation of taxumairols A-F
together with many known taxoids.10-13 Taxumairols
A-F have a 6/8/6-membered ring skeleton. Continued
investigation of T. mairei has resulted in the identifica-
tion of a novel abeotaxane with a 5/7/6-membered ring
system from the roots of this species. Herein, we wish
to report the isolation, structure elucidation, and cyto-
toxicity of taxumairol K (1).

Extensive chromatography of the ethanolic extract of
T. mairei roots on Sephadex LH-20, Si gel, and RP-C18
gave a residue, which was finally purified by HPLC to
furnish taxumairol K (1). Taxumairol K (1), [R] -8.5°
(MeOH), had the composition C31H40O11 as derived by
a combination of EIMS and DEPT spectroscopy. Its UV
and IR bands indicated the presence of benzoyl (229
nm), hydroxyl (3475, 3444, 3421 cm-1), and acetyl (1722
cm-1) groups. This was also supported by the base peak
at m/z 105 due to the benzoyl ion and peaks at m/z 447
and m/z 405 arising from loss of benzoic acid, 2 mol of
H2O, and acetic acid from the molecular ion. The
presence of one benzoyl and two acetyls as well as four
hydroxyls was verified from the 1H and 13C NMR

spectral data of 1 (Table 1). A taxene skeleton was
inferred from the observation of characteristic reso-
nances, such as four methyl singlets [δ 1.02 (17-Me),
1.23 (16-Me), 1.74 (19-Me), and 1.80 (18-Me)] and the
corresponding 13C NMR signals.1,2 The 1H NMR spec-
trum of 1 consisted of several overlapped, broad lines,
and spectral analysis was difficult.11 Fortunately, the
relationship between each proton such as H-2/H-3, H-6a/
H-6b/H-7, and H-9/H-10 in 1 could be observed from the
COSY spectrum. In accord with this, the overlapped
H-2 (δ 5.97) and H-9 (δ 5.98) signals were distinguished
by their correlations with H-3 (δ 3.19) and H-10 (δ 4.70),
respectively. The H-7 signal was assigned at δ 4.47
because it correlated with signals at δ 1.75/2.60 (H-6).
Although correlations between H-13/H-14a and H-13/
H-14b could not be observed, cross-peaks between
H-14a/H-14b appeared at δ 1.58 and δ 2.20. The
remaining H-20 signals (δ 4.44/4.46) were overlapped
with those of H-13 and H-7. Detailed analysis of the
1H and 13C NMR spectra revealed that compound 1 is
an isomer of an 11(15f1)-abeotaxane,14,15 namely, 7,9-
dideacetyltaxayuntin, isolated from T. yunnanensis.16

These isomeric compounds had similar 1H and 13C NMR
spectra. Detailed comparison of the 1H and 13C NMR
spectrum of 1 with those of taxayuntin F further
suggested that the benzoate was at C-9 and the acetates
at C-2 and C-4. This was further backed by the
observation that the chemical shift difference between
the diastereotopic C-20 protons was small, as expected
for the presence of a C-2 acetate, while a C-2 benzoate
would have led to a larger difference.14,17-22 An HMBC
study of 1 failed to correlate the signals between H-10
and C-12 and between H-9 and benzoyl carbon via long-
range coupling due to low sensitivity.

Upon acetylation, compound 1 yielded a pentaacetate
2 (C37H46O14), which is an isomer of 10,13-diacetyl-
taxayuntin E.23 Compound 2 showed the H-7 signals
at δ 5.55, H-10 at δ 6.44, and H-13 at δ 5.62 in its 1H
NMR spectrum, indicating that two of the three hy-
droxyls occur at the C-7 and C-13 positions in 1. The
remaining hydroxyl group was assigned to either the
C-9 or the C-10 position. To confirm the position of the
benzoyloxy group and to assign the 1H and 13C NMR
signals of 2, COSY, HMQC, and HMBC experiments
were performed. The connectivities between H-10 (δ
6.44) and C-12 (δ 147.1) and between H-9 (δ 6.32) and
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the benzoyl carbonyl (δ 167.5) unambiguously estab-
lished the benzoyl moiety at the C-9 position. The
stereochemistry of 1 and 2 was tentatively determined
by comparison of their coupling constants in the 1H
NMR spectra and chemical shifts of 13C NMR spectra
with those of known compounds.

Biological study on tumor cytotoxicity revealed that
taxumairol K (1) showed weak activity toward cervical
carcinoma (HeLa) with an IC50 value of 9.2 µg/mL.
Taxumairol K (1) was inactive against hepatoma (Hep-
3B) tumor cells (IC50 40 µg/mL). Compound 1 is a new
compound having the rearranged 11(15f1)-abeotaxane
skeleton. The broad and poorly resolved NMR spectra
might be explained by the existence of slow intercon-
version of two conformations (twist-chair and twist-boat)
of 1. The first occurrence of the 5/7/6-membered struc-
ture in T. mairei is of significance from a biogenetic
point of view.

Experimental Section

General Experimental Procedures. Optical rota-
tions were recorded on a JASCO DIP-1000 polarimeter.
IR and UV spectra were measured on Hitachi T-2001
and Hitachi V-3210 spectrophotometers, respectively.
EIMS and FABMS were recorded on a VG Quattro 5022
mass spectrometer. The 1H and 13C NMR and DEPT
spectra were recorded on a Varian FT-300 instrument
and HMQC and HMBC spectra on a FT-400 AMX
spectrometer.

Plant Material. The roots of T. mairei (Lemee &
Levl.) S. Y. Hu were purchased in Kaohsiung, Taiwan,

in October 1993. A voucher specimen has been depos-
ited at the Institute of Marine Resources, National Sun
Yat-sen University.

Extraction and Isolation. Dried roots (60 kg) were
extracted as previously described.12 A portion (1.5 kg)
was obtained from the CHCl3/MeOH-soluble fraction.
Part of the residue (200 g) was applied to a Sephadex
LH-20 column (1 kg) and eluted with MeOH to afford a
taxoid-containing fraction (85 g). The taxoid fraction
was chromatographed on a silica gel column (850 g) and
eluted with a solvent mixture of CHCl3-Me2CO by
increasing the polarity to provide seven fractions. Frac-
tion F (9 g) was applied to a LH-20 column and eluted
with MeOH to give a residue (2.83 g). Rechromatogra-
phy of the residue on a silica gel column and elution
with n-Hex/CHCl3/MeOH according to the following
ratios and volumes (7:7:1, 6:6:1, 5:5:1, 4:4:1, 3:3:1, 2:2:
1, and 1:1:1 each 1 L) yielded four fractions, fractions 1
(0.42 g), 2 (1.07 g), 3 (0.16 g), and 4 (0.61 g). Separation
of fraction 2 (1.07 g) on a reversed phase C18 column
(35 g) using solvent mixtures of MeOH/H2O of decreas-
ing polarity (7:3, 7:4, 7:5, 7:6, and 1:1, each 300 mL)
afforded five fractions; fractions A (taxumairol B, 18
mg), B (taxumairol C, 7 mg), C (taxumairol E, 250 mg),
D (baccatin III, 30 mg), and E (65 mg). Purification of
fraction E by HPLC (silica gel) using n-hexane-CHCl3-
MeOH (5:5:1) as solvent system yielded taxumairol K
(1, 35 mg).

Taxumairol K (1): amorphous solid; [R]25
D -8.5° (c

0.65, MeOH); UV (MeOH) λmax (log ε) 229 (4.22) nm; IR
(neat) νmax 3475, 3444, 3421, 2981, 1722, 1369, 1238

Table 1. 1H and 13C NMR Spectral Data of Taxumairol K (1)

position 13C
carbon
typea 1Hb COSY HMBC

1 66.6 s H-2
2 70.2 d 5.97 (overlap) H-3 H-3
3 43.7 d 3.19 (brs) H-2 H-2
4 79.7 s H-20
5 85.4 d 4.92 (d, 6.6)
6 34.7 t 2.60 (m) 1.75 (m) H-7
7 70.2 d 4.47 (m) H-6 H-5c

8 43.4 s Me-19
9 80.8 d 5.98 (overlap) H-10
10 68.7 d 4.70 (brs) H-9
11 137.9 s Me-18c

12 146.2 s H-10,c Me-18c

13 77.6 d 4.49 (m) Me-18c

14 39.5 t 2.20 (m, â), 1.58 (m)
15 76.6 s Me-16, Me-17
16 25.6 q 1.23 s Me-17c

17 27.5 q 1.02 s Me-16c

18 11.3 q 1.80 s
19 14.0 q 1.74 s
20A 75.1 t 4.44 (overlap) H-20
20B 4.46 (overlap) H-20
OAc 170.4 s

21.7 q 2.00 s
OAc 171.3 s

22.4 q 2.16 s
OCOC6H5 167.7 s H-9,c o-C6H5
i 130.4 s
o 129.8 d 8.00(d, 6.0) m-C6H5 p-C6H5, m-C6H5
m 128.3 d 7.43 (m) o,p-C6H5
p 133.0 d 7.53 (m) m-C6H5 o-C6H5
OH-7 3.44 (brs) H-7
OH-10 3.85 (brs) H-10
OH-13 1.50 (overlap) H-13

a s ) C, d ) CH, t ) CH2, q ) CH3. Multiplicities and assignments made by the DEPT and HMBC. b Multiplicities and coupling
constants in Hz in parentheses. c Data taken from taxumairol K pentaacetate (2).
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cm-1; 1H and 13C NMR (CDCl3) spectral data are listed
in Table 1; EIMS (70 eV) m/z 465 (0.1), 447 (2), 405 (1),
345 (1), 297 (11), 183 (5), 123 (9), 105 (100).

Acetylation of taxumairol K (1). Acetylation
(Ac2O-Pyr 1:1; room temperature) of 1 (5 mg) gave a
solid (6 mg) after workup: [R]25

D -33° (c 0.25, MeOH);
UV (MeOH) λmax (log ε) 229 (4.17) nm; IR (neat) νmax
3451, 2952, 1735, 1436, 1234 cm-1; 1H NMR (300 MHz,
CDCl3) δ 6.16 (1H, d, J ) 7.6 Hz, H-2), 2.98 (1H, d, J )
6.7 Hz, H-3), 4.97 (1H, d, J ) 7.6 Hz, H-5), 1.80 (1H, m,
H-6a), 2.66 (1H, m, H-6b), 5.54 (1H, t, J ) 7.1 Hz, H-7),
6.32 (1H, d, J ) 10.8 Hz, H-9), 6.43 (1H, d, J ) 10.8
Hz, H-10), 5.62 (1H, t, J ) 6.9 Hz, H-13), 1.70 (1H, m,
H-14a), 2.28 (1H, m, H-14b), 1.19 (3H, s, H-16), 1.16 (3H,
s, H-17), 1.87 (3H, s, H-18),1.76 (3H, s, H-19), 4.50 (1H,
d, J ) 7.3 Hz, H-20a), 4.41 (1H, d, J ) 7.3 Hz, H-20b),
2.21, 2.01, 1.82, 1.64 (3H × 5, s, OCOCH3); 13C NMR
(75.4 MHz, CDCl3) δ 67.6 (s, C-1), 68.2 (d, C-2), 44.0 (d,
C-3), 79.0 (s, C-4), 85.0 (d, C-5), 34.7 (t, C-6), 70.5 (d,
C-7), 43.7 (s, C-8), 78.7 (d, C-9), 67.9 (d, C-10), 136.0 (s,
C-11), 147.1 (s, C-12), 78.7 (d, C-13), 46.9 (t, C-14), 75.5
(s, C-15), 25.0 (q, C-16), 27.5 (q, C-17), 11.7 (q, C-18),
13.3 (q, C-19), 74.7 (t, C-20), 168.0, 169.0, 170.0, 170.2,
170.6 (s, OCOCH3), 129.6 (s, i-C6H5), 129.9 (d, o-C6H5),
128.5 (d, m-C6H5), 133.4 (d, p-C6H5), 167.5 (s, OCOC6H5),
22.7, 21.9, 21.6, 21.0, 20.6 (q, OCOCH3); EIMS (70 eV)
m/z 595 (0.1), 537 (2), 476 (1), 432 (1), 372 (3), 354 (1),
339 (6), 330 (1), 312 (2), 297 (3), 252 (7), 180 (2), 105
(100), 77 (23), 59 (41), 43 (73); FABMS m/z 737 [M +
Na]+, 715 [M + H]+, 655 [M - OAc]+; HRFABMS m/z
[M + H]+ 715.2956 (C37H47O14 requires 715.2966).

Cytotoxicity Assay. A bioassay against HeLa (cer-
vical carcinoma) and Hep-3B (hepatoma) tumor cells
was based on reported procedures.24-26 The cells for
assay were cultured in RPMI-1640 medium supple-
mented with a 5% CO2 incubator at 37 °C. The
cytotoxicity assay depends on the binding of methylene
blue to fixed monolayers of cells at pH 8.5, washing the
monolayer, and releasing the dye by lowering the pH
value. In summary, samples and control standard
drugs were prepared at a concentration of 1, 10, 40, and
100 µg/mL. After seeding 2880 cells/well in a 96-well
microplate for 3 h, 20 mL of sample or standard agent
was placed in each well and incubated at 37 °C for 3
days. After the medium was removed from the micro-
plates, the cells were fixed with 10% formal saline for
30 min and then dyed with 1% (w/v) methylene blue in
0.01 M borate-buffer (100 µL/well) for 30 min. The 96-
well plate was dipped into a 0.01 M borate-buffer
solution four times in order to remove the dye. Then,
100 µL/well ethanol-0.1M HCl (1/1) was added as a dye-
eluting solvent, and the absorbance was measured on
a microtiter plate reader (Dynatech, MR 7000) at a
wavelength of 650 nm. The IC50 value was defined by
comparison with the untreated cells as the concentra-

tion of test sample resulting in 50% reduction of
absorbance. Mytomycin C and actinomycin D were used
as standard compounds, which both exhibited IC50
values of 0.01 µg/mL under the above conditions.
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