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Abstract—Three C-14 oxygenated taxanes, 2�,5�,10�,14�-tetraacetoxytaxa-4(20),11-diene (1), 2�,5�,10�-triacetoxy-14�-(2-methyl-
butyryloxy)taxa-4(20),11-diene (2), and yunanaxane (3), major products of callus cultures of Taxus spp., were regio- and
stereoselectively hydroxylated at the 7� position by a fungus, Absidia coerulea IFO 4011. Intriguingly, when 1 was co-administered
with �-cyclodextrin and incubated with the fungus cell cultures, three other compounds 5�,9�,10�,13�-tetraacetoxytaxa-4(20),11-
dien-14�-ol (7), 5�,9�,10�,13�-tetraacetoxytaxa-4(20),11-dien-1�-ol (8) and 5�,9�,10�,13�-tetraacetoxy-11(15�1) abeotaxa-4(20),
11-dien-15-ol (9) were obtained. © 2003 Elsevier Science Ltd. All rights reserved.

Taxuyunnanine C [2�,5�,10�,14�-tetraacetoxytaxa-4(20),
11-diene, 1], and its analogues, 2�,5�,10�-triacetoxy-
14�-(2-methylbutyryloxy)taxa-4(20),11-diene (2), yun-
nanxane [2�,5�,10�-triacetoxy-14�-(3-hydroxy-2-
methylbutyryloxy)taxa-4(20),11-diene, 3], are the three
major C-14 oxygenated taxanes produced by the cell
cultures of Taxus spp. in high yields (ca. 5–6% of the
dry weight).1–3 Their high content in the cultures and
their taxane-skeleton endow them with valuable poten-
tial for the semi-synthesis of paclitaxel (Taxol®), one of
the most effective anticancer agents, and other struc-
turally related bioactive agents, such as anti-MDR
(multi-drug resistance) cancer agents or anti-MDR can-

cer reversal agents (Scheme 1).4–6 Unfortunately, tax-
anes 1–3, have fewer functional groups bearing on the
skeleton in comparison with paclitaxel and other bioac-
tive taxoids in Scheme 1. The regio- and stereoselective
introduction of oxygen functional groups at their C-1,
C-7, C-9 and C-13 positions seems very difficult
through traditional chemical methods. In this context,
bioconversion by using microorganisms or plant cell
suspension cultures is a potential alternative, and some
interesting progress has been achieved.7–9 Furthermore,
the enzymatic systems of micro-organisms or plant cell
cultures may be useful tools to mimic some steps of
taxoid biosynthesis and can provide some useful help

Scheme 1.

Keywords : taxane; oxidation; microbial transformation; Absidia coerulea IFO 4011.
* Corresponding author. Tel./fax: +81-25-262-7326; e-mail: mando@eng.niigata-u.ac.jp

0040-4039/03/$ - see front matter © 2003 Elsevier Science Ltd. All rights reserved.
PII: S0040 -4039 (02 )02714 -4

mailto:mando@eng.niigata-u.ac.jp


J. Dai et al. / Tetrahedron Letters 44 (2003) 1091–10941092

for the study of taxoid biosynthesis, especially for
extensive oxidation of the taxane skeleton. This short
communication describes the specific oxidation and
rearrangement of these taxanes by the fungus, Absidia
coerulea IFO 4011.

First, to 2-day-old cell cultures of a fungus, A. coerulea
IFO 4011 (obtained from Institute for Fermentation,
Osaka, Japan), 1 was added, and after another week of
incubation, 7� hydroxyl product 4 was obtained in 5%
yield (Scheme 2). The structure of 4 was determined on
the basis of the 1H NMR, 1H–1H COSY, 13C NMR,
DEPT, HMQC, HMBC, NOE, HREIMS and IR spec-
tra.10 The HREIMS spectrum of 4 showed an elemental
composition of C28H40O9 (found [M]+ m/z 520.2666,
calcd 520.2672), suggesting that a hydroxyl group may
be introduced. The presence of an OH group in 4 was
supported by the IR absorption at 3614 cm−1. 1H and
13C NMR of 4 also showed the existence of a new
oxymethine proton signal at � 3.90 (1H, dd, J=5.1,
11.7 Hz) and the connected carbon signal at � 68.92
(d). HMBC correlation of this carbon with H-19, H-9,
H-6 and H-5 strongly suggested that the hydroxyl
group was introduced at the C-7 position. The stereo-
chemistry of 7-OH was determined to be �-configura-
tion by the NOE difference spectrum; the integration
values of H-3, H-6�, H-10 and H-18 were enhanced in
17, 5, 17 and 9%, respectively, when H-7 was irradiated.
Therefore, the structure of 4 was determined as
2�,5�,10�,14�-tetraacetoxytaxa-4(20),11-dien-7�-ol.

To confirm the specific hydroxylation ability of the
fungus and to gain insight into the influence of the
different substrates on the biotransformation process,
two other related compounds, 2 and 3, were also used
as exogenous substrates and incubated with the cell
cultures. As expected, 7� hydroxyl products (5, 6) were
obtained under the same incubation conditions in 10
and 15% yields (Scheme 2), respectively. Their struc-
tures were also determined by spectral methods.11,12 It
is interesting that the longer the alkyl chain of the

acyloxyl groups at C-14 became, the higher the yield of
7-hydroxylated products became.

In an attempt to enhance the yield of 4, �-cyclodextrin,
which has been used commonly and successfully in the
biotransformation to increase yield,13 was co-adminis-
tered to the cell cultures of the fungus with 1. The yield
of the desired product 4 was ca. 5% and was not
increased as expected; however, very intriguingly, three
other products were produced in addition to 4. Their
structures were determined as 5�,9�,10�,13�-tetra-
acetoxytaxa-4(20),11-dien-14�-ol (7),14,15 5�,9�,10�,13�-
tetraacetoxytaxa-4(20),11-dien-1�-ol (8)16 and 5�,9�,
10�,13�-tetraacetoxy-11(15�1)abeotaxa-4(20),11-dien-
15-ol (9)17(Scheme 3). Compounds 7 and 8 were pro-
duced in about 5% yields individually, and 9 in a trace
yield.

Product 7 is a known compound which was isolated
from the bark of T. mairei.15 There are substantial
differences between the structures of the substrate 1 and
product 7, including disappearance of the 2� acetoxyl
group, appearance of 9� and 13� acetoxyl groups, and
14� deactylation. Therefore, product 7 was produced
from 1 through several steps (plausibly acetoxyl group
intramolecular migration, or acetoxyl group reduction
or acetoxylation, etc.).

The molecular formula of 8 was established to be
C28H40O9 by combined analyses of the HREIMS, 1H
and 13C NMR spectral data. The 1H NMR spectrum of
8 was similar to that of 7 except the signals of H-1,
H-13 and H-14. In the 1H NMR spectra of 8, the
methine proton of H-1 in 7 (� 1.78, dd, J=2.5, 4.7 Hz)
disappeared, and new signals of a methylene proton of
H-14 [� 2.53 (1H, dd, J=10.0, 15.0 Hz), � 1.61 (1H,
m)] appeared. The 13C NMR indicated that one
hydroxyl group existed at the C-1 position of 8 [� 76.09
(s)], the location of which was supported by DEPT,
HMQC and HMBC experiments. So, the structure of 8
was identified as 5�,9�,10�,13�-tetraacetoxytaxa-

Scheme 2.

Scheme 3.
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4(20),11-dien-1�-ol, plausibly produced from 7 via
hydroxyl group transfer from C-14 to C-1.

HREIMS showed that 9 had the same molecular for-
mula C28H40O9 as that of 8. The 1H, 13C NMR, DEPT,
HMQC and HMBC spectra of 9 showed unusual chem-
ical shifts for C-1 (� 62.95, s), and C-15 (� 75.55, s)
compared with those of 8. The C-11 and C-12 carbon
signals showed cross-peaks with H-14 resonances in
HMBC, indicating that both C-11 and C-12 were three
bonds apart from H-14. These NMR data indicated
that 9 should be 11(15�1)abeotaxane.18 The 11(15�
1)abeotaxane 9 was probably produced under the con-
ditions of the biotransformation by the migration of the
11�15 bond to the C-1 position, because 11(15�
1)abeotaxanes are observed in Taxus plants as natural
products.19

The results suggested that the substrate goes, in the
presence of �-cyclodextrin, into the organelles of the
cells where there are many different enzymes catalyzing
the unusual transformations. We observed a consider-
able difference in the reaction modes of these biotrans-
formations in the presence and in the absence of
�-cyclodextrin. Obviously, the difference in the reaction
mode means that each step of taxoid biotransformation
takes place in different compartments in the cells. This
biotransformation by a fungus gave hypothetical
biosynthetic intermediates of paclitaxel and its ana-
logues 4, 7 and 8 from C-14 oxygenated taxoids, in fair
yield. Since the availability of taxanes bearing a func-
tionalized group both at C-13 and C-14 such as 7 is
very limited in yew trees, this kind of taxane may be the
intermediates between C-14 functionalized taxanes and
C-13 functionalized taxanes, even the intermediates of
paclitaxel biosynthesis. The fact that the functional
group at C-2 in 1 was removed after incubation with
the fungus cell cultures suggested that the same reaction
may take place in the Taxus plant.

In conclusion, here we have reported a useful 7�
hydroxylation and 9� acetoxylation of C-14 oxygenated
taxanes by employing fungus A. coerulea IFO 4011 cell
cultures. In the latter case the reaction is accompanied
by 2� de-acetoxylation and oxygen functional group
transfer to the C-1 and (or) C-13 positions. To our best
knowledge, these are the first examples of hydroxyla-
tion or acetoxylation of the C-7 or C-13 methylene of
taxane derivatives by biocatalytic reactions. These bio-
transformations would provide not only valuable inter-
mediates for the synthesis of paclitaxel or other
bioactive taxoids, but also some helpful hints for the
taxoid biosynthetic pathway in the Taxus plant.
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