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Abstract—The needles of Taxus wallichiana gave a taxoid 1-hydroxy- 2-deacetoxy-5-decinnamoyl-taxinine j, whose structure has
been established by spectroscopic data and confirmed by X-ray crystallography. The taxoid possesses significant cytotoxic and
immunomodulatory activity.
� 2006 Elsevier Ltd. All rights reserved.
The Himalayan yew (Taxus wallichiana) is a small medi-
um-sized evergreen tree growing in the temperate Hima-
layas at an altitude of 1800–3300 m and in the Khasia
hills at altitudes of 1500 m.1

Genus Taxus is the most extensively investigated genus
for its taxoids content. Almost all its species have been
chemically investigated in the search for paclitaxel, its
important precursor 10-deacetyl baccatin-III, and other
taxoids with the hope of finding additional taxoids with
better activity profile than paclitaxel. Over 300 taxoids
have been isolated from the genus Taxus and excellent
reviews have appeared on this important class of mole-
cules.2,3 The needles,4,3,5,6 stem bark,7–9 heartwood,10

roots,11 and seeds12 of Taxus wallichiana were separately
investigated yielding several structurally unique taxoids.

As part of an ongoing research program on the isolation
of paclitaxel analogues/precursors from the Himalayan
yew T. wallichiana, we have isolated a taxoid from the
needles of this plant. This paper describes the isolation
and characterization of the taxoid 1 which has been
identified as 1-hydroxy-2-deacetoxy-5-decinnamoyl-tax-
inine j with the help of detailed spectroscopic analysis
and confirmed by its X-ray analysis.
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The anticancer and immunomodulatory properties of
the taxoid are also reported in this paper.

Taxoid 1, ½a�23

D +170� (c 0.1, MeOH), was isolated as a
crystalline material in 0.00315% yield (dry plant materi-
al) from the chloroform-soluble fraction of the methanol
extract of the needles of T. wallichiana. Elemental anal-
ysis, ESI-MS m/z: 559 (M+Na)+, and 13C NMR of the
compound established its molecular formula as
C28H40O10.

The 1H NMR of the compound showed characteristic
taxoid signals for four methyl groups, four acetoxy
groups, and C-4(20) exo-cyclic methylene group.4 1H
and 13C NMR of the compound 1 was very much simi-
lar to 2-deacetoxy-5-decinnamoyl-taxinine j,5 the main
difference being the disappearance of the H-1 multiplet
at d1.78 and the downfield shift of C-1 Dd (36 ppm) in
1 as compared to 2-deacetoxy-5-decinnamoyl-taxinine
j. Full assignment of 1H and 13C NMR spectrum of
114 was made by a combination of 1H–1H COSY,
DEPT, HMQC, and HMBC techniques. The results
show that the taxoid 1 is 1-hydroxy-2-deacetoxy-5-
decinnamoyl-taxinine j, related to 2-deacetoxy-5-decin-
namoyl-taxinine j having one extra hydroxyl group at
C-1.5 Search in the literature revealed that a taxoid of
molecular weight of 536 was previously isolated from
the leaves of the Himalayan yew T. wallichiana and it
was wrongly characterized as 7,13-diacetyl-7-debenzoyl
brevifoliol.4 In a later publication, the structures of
brevifoliol and its four other derivatives were revised.13
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However, the structure of the taxoid of molecular
weight 536 was never characterized unambiguously.
Therefore, we have grown crystals of the above
taxoid 1 suitable for X-ray crystallography. Final confir-
mation of the structure 1 was achieved by single
crystal X-ray analysis15 of the taxoid 1 and it was charac-
terized as 1-hydroxy-2-deacetoxy-5-decinnamoyl-taxi-
nine j unambiguously.
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Figure 1 shows the molecular structure and conforma-
tion of 1 with the atomic numbering scheme. The mole-
cule contains a fused three-ring system A/B/C with
transfused B/C junction due to the trans-axial disposi-
Figure 1. ORTEP diagram showing a view of the molecule 1.

Displacement ellipsoids are drawn at the 30% probability. Hydrogen

and solvent water atoms are omitted for clarity.

Table 1. Cytotoxicity of taxoid 1 against human tumor cell lines by MTT a

Compound I

MCF-7 WRL-68

Taxoid 1 0.18 ± 0.020 1.65 ± 0.050

(8.42) ± 1.150 (12.8) ± 0.100

Vincristine 0.05 ± 0.002 1.42 ± 0.040

(0.15) ± 0.005 (8.5) ± 0.540

Vinblastine 0.02 ± 0.002 1.45 ± 0.080

(0.22) ± 0.050 (2.6) ± 0.050

Values in parentheses indicate IC50 values (lg/ml) of respective compound

(Standard Deviation).
tions of C9 at C8 and H3 at C3, the ring A being in a
syn conformation with respect to ring C. Thus, the mol-
ecule as a whole adopts folded cage-type conformation.
The eight-membered B ring is puckered to form sofa like
conformation [the deviations of atoms C1, C8, C9, and
C10 are �0.756(6), 1.256(6), 1.402(6) and 2.041(5) Å,
respectively, from the least-squares plane through atoms
C2, C3, C11, and C15]. The six-membered ring A is in a
boat conformation, while ring B adopts a chair
conformation.

The molecular packing in the crystal shows that both the
hydroxyl groups are involved in intermolecular hydro-
gen bonding of the type O–H� � �O [O1–H1� � �O4: 2.821
(5) Å, H1� � �O4: 2.01 Å, O1–H1–O4: 170�; O2–
H2� � �O11: 2.800(5) Å, H2–O11: 2.00 Å, O2–H2–O11:
165.5�. In addition, the crystal packing further reveals
the O–H� � �O hydrogen bonding by the solvent water
molecule [O11–H11� � �O1: 2.915(6) Å and O11–
H11B� � �O2: 2.859(5) Å, respectively].

Taxoid 1 was found to possess dose-dependent cytotoxic
activity against five human cancer cell lines as deter-
mined by MTT16 and clonogenic assays (Table 1). How-
ever, it was found to be nontoxic on normal hepatocytes
of mice even at 50 lg/ml. The compound displayed near-
ly similar cytotoxic potency with IC50 values equal to or
even better than those of the controls which are clinical-
ly used drugs vincristine and vinblastine sulfates.

The immunomodulating activity of the cytotoxic com-
pound 1 was evaluated using human lymphocytes. It
was observed that the taxoid 1 exhibited negligible
proliferative response in the absence of mitogen (con-
canavaline A). However, in the presence of optimal
dose of ConA (5lg/ml), taxoid 1 showed maximum
proliferation at a concentration of 1.0 lg/ml. Cyclo-
phosphamide represented suppression of lymphocytes
to 0.04 which was significantly enhanced many fold
when cotreated with 1lg/ml of ConA and taxoid 1
independently. Hence it can be said that taxoid 1 rep-
resents similar immunomodulant properties as shown
by ConA (Fig. 2).

At present, the mechanism of tumor reduction and the
process responsible for immunomodulation are not
known. Although taxoid 1 was cytotoxic on cancer
nd clonogenic assays

C50 values (lg/ml)

KB PA-1 Colo-320DM

0.04 ± 0.002 0.01 ± 0.0025 0.23 ± 0.0035

(1.23) ± 0.050 (0.85) ± 0.0062 (1.82) ± 0.050

0.02 ± 0.004 0.01 ± 0.004 0.46 ± 0.002

(0.25) ± 0.005 (1.0) ± 0.06 (1.5) ± 0.040

0.046 ± 0.004 0.025 ± 0.0028 0.52 ± 0.010

(0.46) ± 0.068 (1.15) ± 0.240 (1.60) ± 0.080

s as determined by clonogenic assay. Each result is the mean ± SD
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S.No Optical Density Compounds/combinations 
1 0.12 Without Mitogen  
2 0.45 Only Mitogen (Concavaline) 
3 0.47 Mitogen + 0.01 (Taxoid) 
4 0.6 Mitogen + 0.1 (Taxoid) 
5 0.62 Mitogen + 1.0 (Taxoid) 
6 0.625 Mitogen + 2.0 (Taxoid) 
7 0.5 Mitogen + 10 (Taxoid) 
8 0.325 Mitogen + CPM (Cyclophosphamide) 
9 0.25 Taxoid (1ug/ml)+ CPM (Cyclophosphamide) 
10 0.04 Only (Cyclophosphamide) 

**

Figure 2. Estimation of lymphocytes proliferation by taxiod 1 in presence of mitogen (ConA 5 lg/ml). * Indicates maximum proliferation found as

compared to control (only mitogen).
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cells, it was not toxic on normal primary cultured
hepatocyte cells used. Therefore, the probable mecha-
nism of action of taxoid 1 may be through the stimu-
lation of effector cells that retard/destroy the tumor
cells.
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