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Abstract—A 7b-O-glycosylated docetaxel analogue was semi-synthesized from 9-dihydro-13-acetylbaccatin III, the most abundant
taxane isolated from the needles of Taxus canadensis. It was shown to be more bioactive than paclitaxel according to the tubulin
assay. It had a reduced potency in the MCF7 cell line cytotoxicity assay compared to paclitaxel, but it demonstrated better activity
against the drug resistant cell line MCF7-ADR. In addition, the presence of one sugar moiety on C-7 doubled the water solubility
versus that of paclitaxel.
# 2003 Elsevier Science Ltd. All rights reserved.

Introduction

Paclitaxel (Taxol1) 1 can be considered as the anti-
cancer wonder drug of the 1990s. It was approved by
the Food and Drug Administration for the treatment of
drug resistant ovarian cancer in 1992 and for the treat-
ment of breast cancer in 1994. It is presently used also in
the treatment of non-small cell lung cancer, cancer of
the head and neck region, malignant melanoma and
lymphomas.1 One of the major drawbacks of this drug
is its extremely low aqueous solubility due to its hydro-
phobic backbone as well as its side chain.2 It is presently
introduced intravenously in a solution containing cre-
mophor. There is data from several sources that indicate
that the cremophor may be responsible for the anaphy-
lactic reactions observed in the early days of the devel-
opment of paclitaxel.3,4 A soluble paclitaxel analogue
facilitating its bioavailability would therefore be a
noticeable improvement. The Canadian yew is a small
rampant shrub which contains specific taxanes in its
needles.5�14 Its most abundant taxane 9-dihydro-13-
acetylbaccatin III 2 (5–7 times the amount of pacli-
taxel)5,6,15 is only found as traces in one other yew
Taxus chinensis.16 This metabolite has been successfully
converted to paclitaxel thereby increasing the yield of

paclitaxel obtained from the needles.17 Several taxane
glycoconjugates have been isolated as natural products
albeit in very small yields.18 These compounds are
paclitaxel analogues which contain a xylose moiety pre-
dominantly on the C7-OH. Sénilh et al. have isolated
7b-xylosyl-10-deacetyltaxol 3, 7b-xylosyl-10-deacetyl-
taxol C 4 and 7b-xylosyl-10-deacetylcephalomannine 5
from the bark of T. baccata (Fig. 1).19 We recently
found in the rooted cuttings of Taxus cuspidata an
O-glycosylated bioactive taxane.20

In this work, we are reporting for the first time the semi-
synthesis of an O-glycosylated taxane: 7-(b-d-gluco-
pyranosyloxy)-9-dihydro-10-acetyldocetaxel. This tax-
ane was more soluble than paclitaxel. Its bioactivities
towards both the tubulin and cytotoxicity assays against
breast cancer cell lines MCF7 and MCF7-ADR (adria-
mycin resistant) will be discussed.

Results and Discussion

Semi-synthesis of 7-(�-D-glucopyranosyloxy)-9-dihydro-
10-acetyldocetaxel, 15 (Scheme 1)

Our objective was to synthesize taxane glycoconjugates,
similar to those found in nature, which maintained
antitumor efficacy but which would be more soluble in
water than paclitaxel. Mandai et al. have successfully
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attached a sugar moiety to a hydroxyl group at C-7 or
C-10 of paclitaxel analogues 6 (Fig. 1) by means of an
ester linkage.21 Direct glycosylation was not attempted
because they anticipated core skeletal rearrangements
and oxirane cleavage brought on by Lewis acids neces-
sary to achieve conventional glycosylation. Since 1992,
we have been working with the Canadian yew. Conse-
quently, we have access in our laboratory to a large
amount of 9-dihydro-13-acetylbaccatin III 2, its most
abundant taxane. Since the discovery of 2 researchers
have focussed their attention on this new 9-dihydro
template. Klein and coworkers prepared 9-dihydrotaxol
7, from 2, which exhibited in vitro activity similar to
that of Taxol1.22 In the Taxol1 series the replacement
of the 30-N benzoyl group with a t-butoxycarbonyl
group substantially increased the tubulin activity and
the in vitro cytotoxicity of docetaxel 8, the 10-deacetyl-
30-N-t-butoxycarbonyl analogue of Taxol1.23 Similarly,
structure–activity relationship (SAR) studies of the 30-
N-acyl component in the 9-dihydro series have identified
9-dihydro-10-acetyldocetaxel 9 with the optimum activ-
ity.24 Therefore, we used 9-dihydro-13-acetylbaccatin
III 2 as the starting material for the semi-synthesis of a

new substrate with a glucose molecule on the C7-OH
and with a docetaxel side chain on the C13-OH.

Spurred by the synthesis of glucoconjugates of anti-
oxidative and anti-inflammatory drugs,25 we attempted
direct glycosylation on 9-dihydro-13-acetylbaccatin III
2. The O-glycoside 11 was successfully synthesized using
benzylated a-d-glucopyranosyl trichloracetimidate 10 as
glycosyl donor.26 This method employed catalysis by
BF3

.OEt2, a Lewis acid, under mild conditions. None of
the feared skeletal rearrangements was observed.
Reductive cleavage of the 13-OAc of 11 with NaBH4

gave intermediate 12.27 Esterification of the free C13-
OH was realized with 2-(4-OMe)phenyl-1,3-oxazolidine
of N-Boc phenylisoserine 13,28 dicyclohexyl-
carbodiimide and 4-pyrrolidinopyridine, in dichloro-
methane-toluene affording diastereomers 14.
Deprotection of the benzyl groups of the b-d-glucopyr-
anosyl of 14 was performed by hydrogenation with pal-
ladium on charcoal. Without further purification the
side-chain protecting group was removed by a catalytic
amount of p-toluenesulfonic acid in methanol affording
compound 15. This first new docetaxel analogue 15
containing an O-b-glucosidic moiety was characterized
by NMR and mass spectrometry.

Bioactivity of taxane 15 (Table 1, Fig. 2)

Paclitaxel and docetaxel are particularly known because
of their unusual activity of promoting the assembly of
tubulin to form super-stable microtubules. This unique
mode of action was first discovered in the laboratories
of Professor Horwitz.29,30 This property was directly
correlated to their anti-cancer activity.31,32 Tubulin
polymerization and cytotoxicity activities were therefore
investigated for taxane 15 compared to the tubulin
activity of Taxol1 1, docetaxel 8 and 9-dihydro-10-
acetyldocetaxel 9 (Fig. 2). Indeed, we can see that

Scheme 1. Reagents and conditions: (a) 10, BF3
.OEt2, molecular sieves 4 Å, CH2Cl2, 4

�C, 1 h (43% based on recovered 2); (b) NaBH4, 2:1, THF/
0.05M KPO4 buffer, pH 7, 23 �C, 6 h, 4 �C, 18 h (64%); (c) 13, 4-PP, DCC, 2:1, toluene/CH2Cl2, 75

�C, 3.5 h (93%); (d) (i) 10% Pd/C, H2, 1:2,
acetone/methanol, 23 �C, 18 h; (ii) PTSA, MeOH, 23 �C, 5 h (38% overall yield for i and ii).

Figure 1. Structures of taxanes.
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Taxol1 induced the initial rate of tubulin polymeri-
zation by three times compared to the control, whereas
docetaxel induced this initial rate by close to 4 times
which was consistent with the literature.23 Taxanes 9
and 15 both showed a tubulin activity comparable to
that of docetaxel. Taxane 15 differed from 9 by the
sugar on the C7-OH, therefore we can conclude that the
sugar moiety did not contribute to the increased tubulin
activity but it was due to the presence of the t-butoxy
group similar to the effect observed between Taxol1

and docetaxel. We tested the in vitro cytotoxicity of
taxane 15 against breast cancer cell lines MCF7 and
MCF7-ADR and compared it to the cytotoxicities of
Taxol1 1, docetaxel 8 and 9-dihydro-10-acetyldocetaxel
9 (Table 1). The IC50 (concentration killing 50% of
cells) of compounds 8, 9, and 15, which all contained
the t-butoxy side-chain, were comparable around the
50 nM range for the MCF7-wild type cell line. However,
paclitaxel was a more potent compound as its IC50 was
in the 2 nM range, whereas at this concentration taxanes
8, 9, and 15 did not initiate cell death. Despite these
results our new glycosyl analogue may yet prove to be

an interesting therapeutic agent because it presented a
certain cytotoxicity against the resistant cell line MCF7-
ADR. The cytotoxicities of the two 9-dihydro analo-
gues, 9, which contained no glycosyl group and 15, our
synthetic glycosyl analogue had comparable IC50’s in
the 12–15 nM range. Once again the sugar moiety did
not contribute to any difference in the activity. On the
other hand, these 9-dihydro compounds were more
potent than docetaxel which had an IC50 of 40 nM and
much more potent than Taxol1 which had an IC50

greater than 5 mM. The 9-dihydro modification con-
tributed to a decrease in the resistance of these com-
pounds to the MCF7-ADR cell line. Compounds 9 and
15 had similar tubulin activity and cytotoxicities.
Therefore the sugar moiety did not influence these
activities neither positively or negatively. In addition,
we tested qualitatively the water solubility of taxane 15
according to literature procedure33 and were encour-
aged that it was at least twice as soluble as Taxol1.

Conclusion

In semi-synthesizing taxane 15 we showed that the gly-
cosylation method using the benzylated a-d-glucopyr-
anosyl trichloracetimidate 10 as glycosyl donor was
indeed effective without the expected rearrangements
due to the use of the acidic catalyst BF3

.OEt2. Our
objective was to create a compound that contained
more hydrophilic groups and at the same time which
would not lose any biological activity. Taxane 15 is an
interesting candidate since by the addition of a sugar
moiety it proved to be twice as soluble as Taxol1.
Although it was less potent in the MCF7 cytotoxicity
assay compared to Taxol1, it exhibited similar activity
as docetaxel and compound 9. On the other hand,
compound 15, as well as docetaxel and compound 9
exhibited a higher activity against the adriamycin resis-
tant MCF7-ADR cell line compared to Taxol1. We
also showed that similarly to the Taxol1 series, the
increase in the rate of tubulin polymerization and cyto-
toxicity activity against the adriamycin resistant MCF7-
ADR cell line was due to the t-butoxy side chain and
not to the sugar moiety. These results are encouraging.
The fact that many O-glycoconjugates of taxanes exist
in nature leads us to believe that we are on the right
path. The sugar moiety will be further investigated in
our SAR study of taxanes.

Experimental

General methods

The instrumentation and general procedures used were
as previously described.17

7-(20,30,40,60-Tetra-O-benzyl-�-D-glucopyranosyloxy)-9-
dihydro-13-acetylbaccatin III 11. A solution of 9-dihy-
dro-13-acetylbaccatin III 2 (0.102 g, 0.162mmol) and
benzylated a-d-glucopyranosyl trichloracetimidate 10
(0.121 g, 0.177mmol) in CH2Cl2 (5mL) was cooled at
4 �C and treated with molecular sieves 4 Å for 15min. A

Figure 2. Effect of 7-(b-d-glucopyranosyloxy)-9-dihydro-10-acet-
yldocetaxel 15 on tubulin assembly. Microtubule turbidity was eval-
uated at 340 nm by incubating tubulin (1mg/mL) at 37 �C in the
presence or absence of taxanes. The slope percentage compared to
control is depicted. The initial rate of tubulin polymerization was
determined by initial slope detected during the first 3min of tubulin
assembly. This data represents mean �SEM (standard error mean) for
separate experiments.

Table 1. Cytotoxicity of 7-(b-d-glucopyranosyloxy)-9-dihydro-10-
acetyldocetaxel 15

Compd Tumor cell cytotoxicity IC50 (nM)a

MCF7-wild type MCF7-ADR

Taxol1 1 2�1.52 >5b

Docetaxel 8 50�3.85 40�3.64
9 50�2.67 12�2.60
15 70�1.52 15�3.64

aCytotoxicity of taxanes on the breast cancer cell lines MCF7-wild
type and MCF7-ADR (adriamycin resistant). Exponentially growing
cells were continuously exposed to taxanes at varying concentrations,
and cell viability was evaluated by the MTT metabolic assay. Data
represents mean �SEM of three separate experiments. IC50 is descri-
bed as the concentration of agent required to inhibit cell proliferation
to 50% versus untreated cells.
bUnits in mM.
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solution of BF3
.OEt2 (4 mL, 0.032mmol) in CH2Cl2

(40 mL) was added and the mixture was stirred at 4 �C
for 1 h. The mixture was separated from the molecular
sieves. After dilution with chloroform, the mixture was
washed with aqueous NaHCO3 to pH 8 and then with
brine to neutrality. The organic phase was dried, filtered
and evaporated. The residue was purified by chromato-
graphy on silica gel (gradient of EtOAc/hexane, 30:70 to
40:60) affording compound 11 (0.065 g, 43% based on
recovered 2). 1H NMR of 11 (500MHz, CDCl3) d 8.08
(d, J=7.7Hz, 2H, H-2,6 of Bz), 7.59 (t, J=7.5Hz, 1H,
H-4 of Bz), 7.46 (t, J=7.7Hz, 2H, H-3,5 of Bz), 7.33–
7.14 (m, 20H, Ph(Bn)), 6.15 (o.d, J=11.0Hz, 1H, H-
10), 6.14 (o.m, 1H, H-13), 5.74 (d, J=6.0Hz, 1H, H-2),
4.91 (o.d, J=10.0Hz, 1H, H-5), 4.88 (d, J=11.9Hz,
1H, Bn-2a), 4.87 (o.d, J=7.0Hz, 1H, GL-H-1), 4.78
(o.d, 1H, Bn-2b), 4.75 (o.d, J=11.2Hz, 2H, Bn-3a/b),
4.75 (o.d, 1H, Bn-4a), 4.61 (d, J=12.2Hz, 1H, Bn-6a),
4.56 (o.d, J=11.2Hz, 1H, Bn-4b), 4.54 (o.d,
J=12.2Hz, 1H, Bn-6b), 4.44 (d, J=11.4Hz, 1H, OH-
9), 4.34 (o.dd, J=9.5, 7.7Hz, 1H, H-7), 4.31 (o.m, 1H,
H-9), 4.29 (o.d, J=8.5Hz, 1H, H-20a), 4.15 (d,
J=8.3Hz, 1H, H-20b), 3.84 (t, J=8.5Hz, 1H, GL-H-
3), 3.73 (o.m, 2H, GL-H-6), 3.70 (o.t, J=9.0Hz, 1H,
GL-H-4), 3.60 (d.t, J=9.8, 2.8Hz, 1H, GL-H-5), 3.46
(t, J=7.6Hz, 1H, GL-H-2), 3.07 (d, J=5.8Hz, 1H, H-
3), 2.79 (ddd, J=15.5, 9.0, 7.5Hz, 1H, H-6a), 2.23 (s,
3H, Ac), 2.18 (d, J=8.5Hz, 1H, H-14a), 2.15 (s, 3H,
Ac), 2.08 (dd, J=15.4, 10.1Hz, 1H, H-6b), 1.98 (s, 3H,
Ac), 1.93 (s, 3H, H-18), 1.85 (s, 3H, H-19), 1.69 (s, 3H,
H-17), 1.67 (s, 1H, OH-1), 1.24 (s, 3H, H-16); 13C NMR
(125MHz, CDCl3) d 170.2 (CO-Ac), 169.8 (CO-Ac),
168.8 (CO-Ac), 166.8 (CO-Bz), 138.0 (C-12), 138.0 (C-1
of Ph(Bn)), 135.7 (C-11), 133.6 (C-4 of Bz), 130.0 (C-2,6
of Bz), 128.5 (C-3,5 of Bz), 128.2 (C-2,6 of Ph(Bn)),
127.2 (C-4 of Ph(Bn)), 102.2 (GL-1), 84.7 (GL-3), 84.2
(C-5), 82.7 (C-7), 81.7 (C-4), 80.1 (GL-2), 78.6 (C-1),
77.9 (GL-4), 76.3 (C-20), 75.5 (C-9), 75.1 (GL-5), 74.9
(Bn-3), 74.6 (Bn-4), 74.1 (Bn-2), 73.3 (Bn-6), 73.3 (C-2),
72.0 (C-10), 69.6 (C-13), 68.6 (GL-6), 47.5 (C-3), 45.4
(C-8), 42.8 (C-15), 37.2 (C-6), 35.2 (C-14), 28.2 (C-16),
22.8 (Ac), 22.4 (C-17), 21.2 (Ac), 21.1 (Ac), 14.7 (C-18),
13.1 (C-19); FAB-HR-MS m/z: 1285.4141 (calculated
for C67H76O17Cs, 1285.4137).

7-(20,30,40,60-Tetra-O-benzyl-�-D-glucopyranosyloxy)-9-
dihydrobaccatin III 12. A solution of glucoside 11
(0.065 g, 0.056mmol) in THF/0.05M KPO4, pH 7.0
buffer (2.1mL/1.05mL) was treated with NaBH4 (3 �
8.6mg, 0.23mmol) at 23 �C over a period of 6 h and at
4 �C for 18 h. The reaction was quenched with acetone
and brine. The mixture was extracted with EtOAc and
the combined organic layers were dried, filtered and
evaporated. The residue was purified by chromato-
graphy on silica gel (EtOAc/hexane, 40:60) affording
compound 12 (0.040 g, 64%). 1H NMR of 12 (500MHz,
CDCl3) d 8.10 (d, J=7.9Hz, 2H, H-2,6 of Bz), 7.61 (t,
J=7.3Hz, 1H, H-4 of Bz), 7.59 (t, J=7.7Hz, 2H, H-3,5
of Bz), 7.33–7.14 (m, 20H, Ph(Bn)), 6.12 (d, J=11.1Hz,
1H, H-10), 5.72 (d, J=6.0Hz, 1H, H-2), 4.89 (o.d, 1H,
Bn-2a), 4.88 (o.d, 1H, H-5), 4.89 (o.d, 1H, GL-H-1),
4.80 (o.d, 1H, Bn-3a), 4.78 (o.d, 1H, Bn-4a), 4.78 (o.m,
1H, H-13), 4.78 (o.d, J=11.4Hz, 1H, Bn-2b), 4.74 (d,

J=11.3Hz, 1H, Bn-3b), 4.61 (d, J=12.4Hz, 1H, Bn-
6a), 4.56 (d, J=11.2Hz, 1H, Bn-4b), 4.53 (d,
J=12.4Hz, 1H, Bn-6b), 4.39 (d, J=11.4Hz, 1H, OH-
9), 4.34 (dd, J=9.7, 7.6Hz, 1H, H-7), 4.30 (o.m, 1H, H-
9), 4.30 (o.d, 1H, H-20a), 4.16 (o.d, J=8.5Hz, 1H, H-
20b), 3.85 (t, J=8.6Hz, 1H, GL-H-3), 3.73 (o.m, 2H,
GL-H-6), 3.70 (o.t, J=9.0Hz, 1H, GL-H-4), 3.59 (d.t,
J=10.0, 3.0Hz, 1H, GL-H-5), 3.45 (t, J=8.1Hz, 1H,
GL-H-2), 3.12 (d, J=6.0Hz, 1H, H-3), 2.76 (ddd,
J=15.5, 9.0, 7.8Hz, 1H, H-6a), 2.26 (o.m, 1H, H-14a),
2.23 (s, 3H, Ac), 2.08 (br.s, 3H, H-18), 2.07 (o.m, 1H,
H-14b), 2.07 (o.m, 1H, H-6b), 1.99 (s, 3H, Ac), 1.84 (s,
3H, H-19), 1.65 (s, 3H, H-17), 1.64 (s, 1H, OH-1), 1.09
(s, 3H, H-16); 13C NMR (125MHz, CDCl3) d 171.5
(CO-Ac), 169.9 (CO-Ac), 166.9 (CO-Bz), 141.1(C-12),
138.0 (C-1 of Ph(Bn)), 135.3 (C-11), 133.5 (C-4 of Bz),
130.0 (C-2,6 of Bz), 128.5 (C-3,5 of Bz), 128.2 (C-2,6 of
Ph(Bn)), 127.2 (C-4 of Ph(Bn)), 102.1 (GL-1), 84.7 (GL-
3), 84.4 (C-5), 82.3 (C-7), 82.1 (C-4), 80.3 (GL-2), 78.6
(C-1), 77.9 (GL-4), 76.3 (C-20), 75.8 (C-9), 75.1 (GL-5),
74.8 (Bn-3), 74.5 (Bn-4), 74.1 (Bn-2), 73.2 (Bn-6), 73.0
(C-2), 72.5 (C-10), 68.5 (C-13), 68.5 (GL-6), 47.4 (C-3),
45.4 (C-8), 42.6 (C-15), 38.6 (C-14), 37.2 (C-6), 28.2 (C-
16), 22.9 (Ac), 21.1 (Ac), 22.0 (C-17), 14.9 (C-18), 13.0
(C-19); FAB-HR-MS m/z: 1243.4033 (calculated for
C65H74O16Cs, 1243.4031).

7-(20,30,40,60-Tetra-O-benzyl-�-D-glucopyranosyloxy)-9-
dihydrobaccatin III-13-(4S,5R)-N-(t-butyloxycarbonyl)-2
- (4 -methoxyphenyl) - 4 - phenyl - 5 - oxazolidinecarboxylic
acid ester 14. Glucoside 12 (0.037 g, 0.033mmol) in tol-
uene (0.6mL) was treated with (4S,5R)-N-(t-butyloxy-
carbonyl)-2-(4-methoxyphenyl)-4-phenyl-5-oxazolidine-
carboxylic acid (13), (0.025 g, 0.063mmol) in 0.3mL
CH2Cl2, 4-pyrrolidinopyridine (3mg, 0.020mmol) and
DCC (0.014 g, 0.068mmol) at 75 �C for 3.5 h. The reac-
tion mixture was diluted with ethyl acetate, washed with
5% NaHSO4 to pH 1, 5% NaHCO3 to pH 8 and then
with brine to neutrality. The organic layer was dried,
filtered and evaporated. The residue was purified by
flash chromatography on silica gel with EtOAc/hexane,
40:60 as eluent to give a mixture of diastereomers 14
(0.046 g, 93%). 1H NMR of 14 (500MHz, CDCl3) d
8.06 (d, J=7.5Hz, 2H, H-2,6 of Bz), 7.61 (t, J=7.5Hz,
1H, H-4 of Bz), 7.47 (t, J=7.8Hz, 2H, H-3,5 of Bz),
7.38 (o.m, 2H, H-2,6 of p-(OMe)Ph), 7.33–7.14 (m, 20H,
Ph(Bn)), 6.88 (d, J=8.8Hz, 2H, H-3,5 of p-(OMe)Ph),
6.36 (v.br, 1H, H-50), 6.06 (d, J=11.3Hz, 1H, H-10),
6.00 (br, 1H, H-13), 5.68 (d, J=6.0Hz, 1H, H-2), 5.40
(br, 1H, H-30), 4.86 (o.d, 1H, Bn-2a), 4.81 (br.d, 1H,
GL-H-1), 4.77 (o.m, 1H, H-5), 4.77 (o.d, 1H, Bn-3a),
4.76 (o.d, 1H, Bn-2b), 4.75 (o.d, 1H, Bn-4a), 4.72 (o.d,
1H, Bn-3b), 4.60 (o.d, 1H, Bn-6a), 4.56 (o.d, 1H, Bn-
4b), 4.55 (o.m, 1H, H-20), 4.51 (o.d, 1H, Bn-6b), 4.42 (d,
J=11.3Hz, 1H, OH-9), 4.26 (o.m, 1H, H-7), 4.26 (o.m,
1H, H-9), 4.20 (d, J=8.5Hz, 1H, H-20a), 4.08 (d,
J=8.5Hz, 1H, H-20b), 3.81 (o.m, 1H, GL-H-3), 3.75
(o.m, 2H, GL-H-6), 3.75 (o.br.s, 3H, CH3 of p-
(OMe)Ph), 3.72 (o.m, 1H, GL-H-4), 3.56 (br.d,
J=9.7Hz, 1H, GL-H-5), 3.43 (t, J=8.0Hz, 1H, GL-H-
2), 2.95 (d, J=6.0Hz, 1H, H-3), 2.71 (m, 1H, H-6a),
2.17 (o.m, 1H, H-14a), 2.03 (o.m, 1H, H-14b), 2.02
(o.m, 1H, H-6b), 1.96 (s, 3H, Ac), 1.79 (s, 3H, H-19),
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1.67 (s, 3H, H-17), 1.66 (br.s, 3H, Ac), 1.66 (s, 1H, OH-
1), 1.63 (br.s, 3H, H-18), 1.22 (s, 3H, H-16), 1.04 (s, 9H,
t-Bu); 13C NMR (125MHz, CDCl3) d 169.6 (CO-Ac),
166.7 (CO-Bz), 160.1 (C-4 of p-(OMe)Ph), 137.6 (C-12),
135.4 (C-11), 133.7 (C-4 of Bz), 129.9 (C-2,6 of Bz),
128.5 (C-3,5 of Bz), 126.3 (C-2,6 of p-(OMe)Ph), 113.7
(C-3,5 of p-(OMe)Ph), 102.1 (GL-1), 92.6 (C-50), 84.7
(GL-3), 84.3 (C-5), 83.4 (C-20), 82.7 (C-7), 81.3 (C-4),
80.5 (C-t-Bu), 80.3 (GL-2), 78.9 (C-1), 77.9 (GL-4), 76.2
(C-20), 75.6 (C-9), 75.2 (GL-5), 74.8 (Bn-3), 74.7 (Bn-4),
74.1 (Bn-2), 73.4 (Bn-6), 73.4 (C-2), 72.0 (C-13), 71.8 (C-
10), 68.6 (GL-6), 63.4 (C-30), 55.3 (CH3 of p-(OMe)Ph),
47.5 (C-3), 45.2 (C-8), 42.9 (C-15), 37.1 (C-6), 35.2 (C-
14), 28.3 (C-16), 27.8 (CH3-t-Bu), 22.8 (C-17), 21.8 (Ac),
21.0 (Ac), 14.1 (C-18), 12.9 (C-19); FAB-HR-MS m/z:
1243.4033 (calculated for C65H74O16Cs, 1243.4031).
Electron Spray-MS (FAB-HR-MS could not be run
since compound 14 was too high in mass): C87H97N1O21

atm/z 1491.7; [M+H]+ atm/z 1492.8; [M+Na]+ at m/z
1548.8 and [M+Cs]+ at m/z 1624.8.

7-(�-D-Glucopyranosyloxy)-9-dihydro-10-acetyldocetaxel
15. The N-protected phenylisoserinate 14 (0.023 g,
0.015mmol) in MeOH/acetone, 2:1, (3mL) was treated
with 10% Pd/C (3mg) and the solution was stirred
under a hydrogen atmosphere at 23 �C for 18 h. The
mixture was filtered through kimwipes, rinsed with
acetone and evaporated to dryness. The crude residue
was diluted in MeOH (3.0mL) and was treated with
p-toluenesulfonic acid monohydrate (3mg, 0.016mmol)
at 23 �C for 5 h. The methanol was evaporated and the
residue was diluted with EtOAc and washed with brine
to neutrality. The organic layer was dried, filtered and
evaporated. The residue was purified by flash chroma-
tography on silica gel with MeOH/CH2Cl2, 10:90 as
eluent to give compound 15 (6 mg, 38% overall two
steps). 1H NMR of 15 (500MHz, CDCl3) d 8.06 (d,
J=7.5Hz, 2H, H-2,6 of Bz), 7.61 (t, J=7.5Hz, 1H, H-4
of Bz), 7.47 (t, J=7.8Hz, 2H, H-3,5 of Bz), 7.40 (d,
J=7.5Hz, 2H, H-2,6 of Ph-30), 7.36 (t, J=7.8Hz, 2H,
H-3,5 of Ph-30), 7.30 (t, J=7.2Hz, 1H, H-4 of Ph-30),
6.28 (d, J=10.5Hz, 1H, H-10), 6.08 (br.t, J=8.8 Hz,
1H, H-13), 5.75 (d, J=6.0Hz, 1H, H-2), 5.57 (br.d,
J=9.8Hz, 1H, NH-40), 5.26 (br.d, J=9.8Hz, 1H, H-30),
4.92 (d, J=8.9Hz, 1H, H-5), 4.61 (br.s, 1H, H-20), 4.45
(br.d, J=7.9Hz, 1H, GL-H-1), 4.37 (br.t, J=8.3Hz,
1H, H-7), 4.30 (o.d, J=8.5Hz, 1H, H-20a), 4.28 (o.m,
1H, H-9), 4.19 (o.d, J=8.5Hz, 1H, H-20b), 3.96 (br.s,
1H, OH-20), 3.88 (br.d, J=12.2Hz, 1H, GL-H-6a), 3.77
(br.d.m, 1H, GL-H-6b), 3.57 (o.m, 1H, GL-H-3), 3.56
(o.m, 1H, GL-H-4), 3.41 (br.s, 1H, GL-H-5), 3.33 (br.q,
1H, GL-H-2), 3.03 (d, J=6.0Hz, 1H, H-3), 2.58 (br.m,
1H, H-6a), 2.38 (br.dd, J=15.0, 10.2Hz, 1H, H-14a),
2.25 (br.s, 3H, Ac), 2.19 (o.m, 1H, H-6b), 2.17 (s, 3H,
Ac), 2.08 (o.m, 1H, H-14b), 1.87 (s, 3H, H-19), 1.79
(br.s, 3H, H-18), 1.77 (s, 1H, OH-1), 1.70 (s, 3H, H-17),
1.39 (br.s, 9H, t-Bu), 1.26 (s, 3H, H-16); 13C NMR
(125MHz, CDCl3) d 172.4 (CO-Ac), 170.8 (CO-Ac),
166.7 (CO-Bz), 138.1 (C-12), 135.4 (C-11), 133.7 (C-4 of
Bz), 129.9 (C-2,6 of Bz), 128.5 (C-3,5 of Ph-30), 128.5
(C-3,5 of Bz), 127.8 (C-4 of Ph-30), 126.8 (C-2,6 of Ph-30),
102.8 (GL-1), 85.1 (C-7), 83.5 (C-5), 82.2 (C-4), 79.6 (C-t-
Bu), 78.2 (C-1), 76.7 (GL-4), 76.6 (C-9), 76.6 (C-20), 75.6

(GL-5), 73.7 (C-20), 73.6 (GL-2), 73.1 (C-10), 72.7 (C-2),
71.9 (C-13), 70.1 (GL-3), 62.5 (GL-6), 56.0 (C-30), 47.8
(C-3), 45.6 (C-8), 43.0 (C-15), 35.4 (C-14), 35.3 (C-6),
28.2 (C-16), 28.2 (CH3-t-Bu), 22.6 (Ac), 22.0 (C-17),
21.5 (Ac), 15.2 (C-18), 13.3 (C-19); FAB-HR-MS m/z:
1146.3308 (calculated for C51H67N1O20Cs, 1146.3311).

Tubulin assay

Tubulin was extracted from cow brain according to the
method of Williams and Lee.34 In vitro tubulin assem-
bly was then evaluated by measuring microtubule tur-
bidity at 340 nm. Briefly, tubulin at a final concentration
of 1mg/mL was incubated in PM-4M buffer (100mM
PIPES–NaOH, 2mM EGTA, 1mM MgSO4, 4M gly-
cerol and 2mM dithioerythritol (DTE), pH 6.9) at 37 �C,
with or without the various taxanes at a concentration of
10 mM.

Bioactivity assay

In vitro cytotoxicity of taxane 15 was determined on
breast adenocarcinoma cell line MCF7, using 3-(4,5-
dimethylthiazo-2-yl)-2,5-diphenyltetrazolium (MTT)
(Sigma, St. Louis, MO, USA) metabolic assay.35 Briefly,
exponentially growing cells were seeded in 96-well
micro-plates (1 � 103 cells per 200 mL per well). Follow-
ing 18 h, cells were continuously exposed to varying
concentrations of taxane 15. Cell survival was evaluated
96 h later by replacing the culture media with 50 mL of
2.5mg/mL MTT, in phosphate buffer solution pH 7.5.
After 4 h of incubation at 37 �C in the dark, MTT was
removed and 100 mL of solubilization solution (10%
Triton 100X, and 1N HCl in anhydrous isopropanol)
were added. The absorbance was determined at 570 nm
with a microplate reader (Biorad).
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