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14-Deacetoxyl sinenxan A [2�,5�,10�-triacetoxy-4(20),11-taxadiene,1] was converted to two new products, 10�-hydroxy-2�,5�-
iacetoxy-4(20),11-taxadiene (2) and 10�-butyloxy-2�,5�-diacetoxy-4(20),11-taxadiene (3) both about in 20% yields byGinkgo cell
uspension cultures. Their structures were identified on the basis of their chemical and spectroscopic data. The three compoun1–3)
ere preliminarily evaluated for their in vitro cytotoxic activities against two solid tumor cell lines and their drug-resistant counterparts
nd KB/V, MCF-7 and MCF-7/ADR), and the decreased activities were observed in the case of the two products. The results sugges
iotransformation might be a valuable approach to diversifying natural products and provide some useful information on the study
tructure–activity relationships of the type of compounds.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Sinenxan A, 2�,5�,10�,14�-tetra-acetoxy-4(20),11-
axadiene (Fig. 1), is a taxoid isolated from the callus
ultures ofTaxus sp. in high yield (ca. 1–2% of dry weight)
1,2]. The abundant resources and its taxane-skeleton endow
t valuable potential for the semisynthesis of paclitaxel or
ther structurally related bioactive compounds. A number
f studies on its structural modification by chemical and
iocatalytic approaches were reported and have achieved
lot of intriguing results[3–12]. In our previous reports,

ighly regio- and stereo-selective hydroxylations at 9�
osition of sinenxan A and its derivatives were observed in

he biotransformations byGinkgo cell suspension cultures
5,6,8,9]. As a part of our ongoing studies, in order to further

∗ Corresponding author. Tel.: +86 10 63165195; fax: +86 10 63017757.
E-mail address: jgdai@imm.ac.cn (J. Dai).

investigate the effects of different substituents in substra
molecules on the 9� hydroxylation ability ofGinkgo cells,
i.e., the “substrate-specificity” of the “9�-hydroxylase”
of this type of taxanes inGinkgo cells, we prepared
many derivatives of sinenxan A for biotransformation.
Compound 1 [14-deacetoxyl sinenxan A, 2�,5�,10�-
triacetoxy-4(20),11-taxadiene] (Fig. 1), a taxadiene with
neither C-14 functional group nor C-13 functional group
was prepared from sinenxan A by chemical method[12,13],
and bioconverted as a substrate byGinkgo cell suspension
cultures. Moreover,1 exhibited potent inhibitory effects
towards both the sensitive and drug-resistant tumor ce
proliferation in our previous bioassay. In an effort to obtain
more derivatives with potential for lead compound screening
we have tried biocatalytic modification of1. A number of
reports[14,15]revealed that the biotransformation approach
is a very powerful tool to obtain more useful compounds
The type of biotransformation reactions involve hydroxy-
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Fig. 1. Chemical structures of sinenxan A and compounds1–3.

lation, glycosylation, methylation, acylation, prenylation,
sulfation and many others, and this approach possesses
more advantages over chemical reactions by regio- and
stereo-selectivity, mild conditions and so on. Herein, we
report the biotransformation of1 by Ginkgo cell suspension
cultures and the cytotoxic activitives of1 and its two
products as well.

2. Materials and methods

2.1. General

Optical rotations were measured with a Perkin-Elmer
343 polarimeter. IR spectra were obtained on a Nicolet
IMPACT-400 spectrophotometer (KBr). NMR spectra (1H
NMR, 13C NMR, 1H-1H COSY, DEPT, HMQC and HMBC)
were recorded with Varian INOVA-501 instrument (1H NMR,
500 MHz;13C NMR, 125 MHz) using CDCl3 as solvent and
internal standard. HRFABMS spectra were measured on a
Macromass Autospec-Ultima ETOF mass spectrometer in the
positive mode. Semi-preparative HPLC was performed on a
Waters-600 HPLC instrument with an YMC-Pack ODS-A
stainless steel column (250 mm× 10 mm i.d.) and a Waters-
486 UV detector. TheGinkgo suspension cells were cultured
in 500 ml flask with 150 ml of medium (MS medium sup-
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filtered out under reduced pressure. The filtrate was col-
lected and extracted with ethyl acetate (5× 1000 ml). The
dried cell cultures were extracted by sonication with ethyl
acetate (3× 200 ml, 30 min each time). The two parts of
extract solutions were combined and concentrated under
reduced pressure at 40◦C. The obtained residue (1.2 g) was
chromatographed on a silica gel column eluting gradiently
with acetone–petroleum ether (60–90◦C) (1:19–1:2) to give
three fractions: Fr1 (22 mg), Fr2 (9 mg, ca. 13%; substrate,
determined by TLC and1H NMR), Fr3 (23 mg). Fr1 and
Fr3 were successively purified with Sephadex LH-20 to
afford Fr1-1 (18 mg) and Fr3-1 (19 mg), respectively. Fr3-
1 was further purified by semi-preparative HPLC (mobile
phase: methanol–acetonitrile–water, 50:15:35, v/v/v; flow
rate: 2 ml/min) to afford2 (13 mg, ca. 20%). Fr1-1 was
further purified by semi-preparative HPLC (mobile phase:
methanol–acetonitrile–water, 75:15:10, v/v/v; flow rate:
2 ml/min) to afford3 (13 mg, ca. 20%).

2.3.2. Structural identification of the new products
The structures of the products (2 and3) were identified

on the basis of their chemical and spectroscopic analyses, the
data were shown as follows.

2.3.2.1. 10β-Hydroxy-2α,5α-diacetoxy-4(20),11-taxadiene
(2). White powder; [�] 20 +52.9◦ (c 0.93, CH Cl); IR
ν 74,
1
( ,
5 H,
d H,
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J m,
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ν 95,
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J
(
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3 ,
J

lemented with 0.5 mg/l of 6-BA, 0.5 mg/l of NAA, 0.2 mg
f 2,4-d and 3% sucrose) in the dark at 25◦C, shaking a
10 rpm[16]. The pH value of medium was adjusted to
efore autoclaving at 121◦C for 20 min.

.2. Substrate

14-Deacetoxyl sinenxan A (1) was prepared as describ
n the Refs.[12,13], and the structure was determined
hemical and spectral methods.

.3. Biotransformation of 1 by Ginkgo cell suspension
ultures

.3.1. Biotransformation and separation
Seventy milligrams of1 was dissolved in 7 ml aceto

nd distributed into 14 flasks with 14-day-old cell cultu
fter additional 7 days of incubation, the cell cultures w
D 3

max (KBr): 3624, 3000, 2948, 1726, 1642, 1440, 13
316, 1250, 1222, 1206, 1106, 1086, 1020 cm−1; 1H NMR
CDCl3, 500 MHz) δ 5.38 (1H, dd,J = 1.8, 6.0 Hz, H-2)
.25 (1H, t,J = 2.8 Hz, H-5), 5.24 (1H, s, H-20a), 5.09 (1
d, J = 5.6, 11.7 Hz, H-10), 4.90 (1H, s, H-20b), 3.08 (1
, J = 6.1 Hz, H-3), 2.44 (1H, m, H-13a), 2.34 (1H, d
= 11.8, 14.8 Hz, H-9a), 2.11 (3H, s, 5-OAc), 1.95 (1H,
-14a), 2.03 (3H, s, 2-OAc), 1.97 (1H, m, H-13b), 1.94 (
, H-18), 1.91 (1H, m, H-7a), 1.80 (2H, m, H-6), 1.76 (1
, H-1), 1.69 (1H, m, H-14b), 1.65 (3H, s, H-16), 1.63 (1
, H-9b), 1.20 (1H, m, H-7b), 1.11 (3H, s, H-17), 0.85 (3

, H-19);13C NMR (CDCl3, 125 MHz)δ 169.8 (s, 5-OAc)
69.7 (s, 2-OAc), 143.5 (s, C-4), 137.2 (s, C-11), 134.
-12), 116.4 (t, C-20), 78.9 (d, C-5), 72.4 (d, C-2), 6

d, C-10), 52.2 (d, C-1), 47.0 (t, C-9), 41.0 (d, C-3), 3
s, C-8), 37.2 (s, C-15), 33.7 (t, C-7), 32.0 (q, C-17), 3
t, C-13), 29.0 (t, C-6), 25.3 (q, C-16), 22.5 (q, C-19), 2
q, 5-OAc), 21.6 (q, 2-OAc), 21.3 (q, C-18), 18.3 (t, C-1
RFABMS (positive)m/z 405.2656 [M + H]+(calc 405.264

or C24H37O5).

.3.2.2. 10β-Butyloxy-2α,5α-diacetoxy-4(20),11-taxadiene
3). White powder; [�]D20 +26.4◦ (c 0.36, CHCl3); IR
max (KBr): 2935, 1734, 1633, 1464, 1367, 1238, 10
005 cm−1; 1H NMR (CDCl3, 500 MHz) δ 5.36 (1H, dd
= 1.8, 6.3 Hz, H-2), 5.24 (1H, t,J = 2.8 Hz, H-5), 5.21
1H, s, H-20a), 4.86 (1H, s, H-20b), 4.65 (1H, dd,J = 5.3,
1.8 Hz, H-10), 3.43 (1H, m, 10-OCH2CH2CH2CH3, H-a),
.26 (1H, m, 10-OCH2CH2CH2CH3, H-b), 3.08 (1H, d
= 6.0 Hz, H-3), 2.42 (1H, m, H-13a), 2.28 (1H, dd,J = 12.0,
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14.8 Hz, H-9a), 2.10 (3H, s, 5-OAc), 2.04 (1H, m, H-13b),
2.00 (3H, s, 2-OAc), 1.96 (1H, m, H-7a), 1.93 (3H, s, H-18),
1.90 (1H, m, H-14a), 1.77 (2H, m, H-6), 1.74 (1H, m, H-1),
1.66 (1H, m, H-14b), 1.62 (1H, m, H-9b), 1.56 (3H, s,
H-16), 1.54 (2H, m, 10-OCH2CH2CH2CH3), 1.37 (2H, m,
10-OCH2CH2CH2CH3), 1.19 (H, m, H-7b), 1.07 (3H, s,
H-17), 0.91 (3H, t,J = 7.3 Hz, 10-OCH2CH2CH2CH3), 0.82
(3H, s, H-19); 13C NMR (CDCl3, 125 MHz) δ 169.9 (s,
2-OAc), 169.7 (s, 5-OAc), 143.7 (s, C-4), 136.1 (s, C-12),
135.9 (s, C-11), 116.2 (t, C-20), 78.9 (d, C-5), 74.5 (d,
C-10), 72.5 (d, C-2), 67.4 (t, 10-OCH2CH2CH2CH3), 52.1
(d, C-1), 45.3 (t, C-9), 41.3 (d, C-3), 39.6 (s, C-8), 37.0
(s, C-15), 33.8 (t, C-7), 32.3 (t, 10-OCH2CH2CH2CH3),
31.5 (q, C-17), 30.3 (t, C-13), 29.0 (t, C-6), 24.8 (q, C-16),
22.5 (q, C-19), 22.0 (q, 5-OAc), 21.6 (q, 2-OAc), 21.2
(q, C-18), 19.7 (t, 10-OCH2CH2CH2CH3), 18.3 (t, C-14),
14.1 (q, 10-OCH2CH2CH2CH3); HRFABMS (positive)m/z
461.3297 [M + H]+ (calc 461.3268 for C28H45O5).

2.4. Cytotoxicity bioassays of 1–3

2.4.1. Cells and culture conditions
Human epidermoid cancer cell line (KB) and human

breast cancer cell line (MCF-7) were obtained from ATCC,
human epidermoid cancer cell line resistant to vincristine
(KB/VCR) and human breast cancer cell line resistant to adri-
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graphic methods after additional 7 days of incubation. On the
basis of the spectral and chemical analyses, their structures
were identified as 10�-hydroxy-2�,5�-diacetoxy-4(20),11-
taxadiene (2, ca. in 20% yield) and 10�-butyloxy-2�,5�-
diacetoxy-4(20),11-taxadiene (3, ca. in 20% yield). They are
two new taxanes obtained by biocatalytic approach.

The HRFAB mass spectrum of2 showed a quasi molecu-
lar ion peak [M + H]+ atm/z 405.2606, which was consistent
with the molecular formula of C24H36O5, suggesting the
removal of one acetyl group in comparison with the molec-
ular of 1. The presence of two OAc groups in1H NMR and
13C NMR spectra of2 and the IR absorption at 3624 cm−1

confirmed the deduction. The1H NMR spectrum of2 was
similar to that of1 except that the signal of H-10� shifted
to an upper field atδ 5.09 (dd,J = 5.6, 11.7 Hz) as compared
with δ 6.06 (dd,J = 5.6, 12.2 Hz) in1, suggesting the exis-
tence of an OH group rather than an OAc group at C-10. It
was supported by its13C NMR spectrum in which the sig-
nal of C-10 shifted to an upper field atδ 67.7 (d) compared
with δ 70.5 (d) in 1. Therefore, the structure of2 was identi-
fied as 10�-hydroxy-2�,5�-diacetoxy-4(20),11-taxadiene, a
derivative of1 via enzymatic hydrolysis of C-10 acetyl group
(the spectral data are shown in Section2).

The HRFAB mass spectrum of3 showed a quasi molecular
ion peak [M + H]+ atm/z 461.3297, consistent with the molec-
ular formula of C H O . The1H NMR, 13C NMR spectra
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mycin (MCF-7/ADR) were established by continuous ex
ure to increasing VCR or ADR concentrations[13]. Cells
ere maintained in RRMI1640 medium supplemented
0% fetal bovine serum (FBS), 100 units/ml penicillin a
00�g/ml streptomycin. Cultures were incubated at 37◦C in
humidified 5% CO2 atmosphere.

.4.2. Cell proliferation assay
KB, KB/VCR, MCF-7 and MCF-7/ADR tumor cells we

eeded in 96-well microtiter plates at 1200 cells/well. A
4 h, the compounds were added to the cells. After 96
rug treatment, cell viability was determined by measu

he metabolic conversion of MTT [3-(4,5-dimethylthiazol
l)-2,5-diphenyltetrazolium bromide] into purple formaz
rystals by active cells[17,18]. MTT assay results were re
sing an MK 3 wellscan (Labsystem Drogon) plate rea
t 570 nm. All compounds were tested in five concentra
nd were dissolved in 100% DMSO with a final DMSO c
entration of 0.1% in each well. Each concentration of
ompounds was tested in three parallel wells. IC50 values
ere calculated using Microsoft Excel software.

. Results and discussion

.1. Biotransformation of 1 by Ginkgo cell suspension
ultures

Substrate (1) was administered to the 14-day-old cell c
ures, and two products (Fig. 1) were obtained by chromat
28 44 5
f 3 were similar to those of1 except that two OAc group
ere observed, and an additional butyloxyl group appe
ccording to1H-1H COSY, DEPT, HMQC and HRFAB ma
ata together. The signal of C-10 (δ 70.5 in 1) obviously
hifted to a lower field atδ 74.5 in3, moreover, the signal o
-10 (δ 6.06, dd,J = 5.6, 12.2 Hz in1) shifted remarkably t
n upper field atδ 4.65 (dd,J = 5.3, 11.8 Hz in3), suggestin

he presence of the butyloxyl group at C-10 position. T
he structure of3 was identified as 10�-butyloxy-2�,5�-
iacetoxy-4(20),11-taxadiene (the spectral data are sho
ection2). Butylation reaction is very popular in biosynthe
eld in nature, but it is not very popular in biotransformati
t might be formed by acyl-transferase with butyl CoA.

In our previous works (Refs.[5–9,11]), many taxanes bea
ng C-14 or C-13 functional groups could be hydroxyla
t 9� position byGinkgo cells. However, the substrate (1
eacetoxyl sinenxan A) used in this work did possess ne
-14 nor C-13 functional group and could not be hydro

ated at C-9 position. These results suggested the subs
ffects of C-14 functional group on the biotransformation

he rigorous substrate-specificity of the “9�-hydroxylase” o
axadienes inGinkgo cells.

.2. Cytotoxicity bioassays of 1–3

In our previous pharmacological evaluation, compou1
xhibited potent cytotoxic activities towards both the s
itive and MDR-resistant tumor cell lines (KB and KB
CF-7 and MCF-7/ADR). The interesting results motiva
s to yield more novel and more efficient compounds
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Table 1
The cytotoxicity of compounds1–3 in vitro

Compound IC50 in �M

KB KB/V MCF-7 MCF-7/ADR

1 4.3± 0.6 0.41± 0.05 9.6± 1.2 1.4± 0.2
2 >10 5.4± 0.3 >10 >10
3 3.5± 0.4 4.2± 0.5 9.8± 0.8 >10

KB: human epidermoid cancer cell line; KB/VCR: human epidermoid cancer
cell line resistant to vincristine; MCF-7: human breast cancer cell line; MCF-
7/ADR: human breast cancer cell line resistant to adriamycin. The IC50

values were the means of triplicates± standard deviations.

further biological evaluation, therefore,Ginkgo cell cultures
used before were employed as biocatalysts to obtain specifi-
cally enzymatic products. Although the “expected” products
were not obtained, the primary in vitro cytotoxic activities
of the substrate and its two products against the above two
pairs of solid tumor cell lines were evaluated. Unfortunately,
the decreased activities were observed in the case of the two
products (seeTable 1). To some extent, the results suggested
the C-10 OAc group might be one of the active functional
groups in this type taxoids, although the tested number of
compounds was very limited.

4. Conclusion

In summary, 14-deacetoxyl sinenxan A was not hydroxy-
lated at C-9 position withGinkgo cells as expected, indicat-
ing that the substituents in exogenous compound molecul
exert substantial influences, not only on biotransformation
yield [5–9,11], but also on the biotransformation mode. The
bioassay results suggested that the approach of biotransfo
mation of foreign compounds might provide diverse deriva-
tives for bioassay screening and the valuable information on
structure–activity relationship (SAR) studies of the type of
compounds.
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