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Abstract—A minor bioactive taxane, isolated from the needles of Taxus canadensis and semi-synthesized, was shown

to be taxcultine.

INTRODUCTION

Taxus canadensis, a small ramping bush abundant in
Quebec, seems to differ from other yews by the content of
its taxanes. 9-Dihydro-13-acetylbaccatin III is found in
amounts three to seven times the content of taxol [1].
Various derivatives of 9-dihydro-13-acetylbaccatin III
and an uncyclized taxane (canadensene) were also found
in the needles of the canadian yew [2,3]. This paper
reports the isolation of taxcultine (1) from T. canadensis
needles and its semi-synthesis. This taxane was pre-
viously obtained from cell cultures of T. baccata (hence
the given name of taxcultine) [4, 5].

RESULTS AND DISCUSSION

Compound 1 was a minor metabolite (0.0008% yield
from T. canadensis needles) which was found in the same
flash chromatography fraction as taxol, 9-dihydro-13-
acetylbaccatin Il and numerous minor taxanes. Semi-
preparative HPLC using a reversed phase column and
a gradient solvent system of water—acetonitrile allowed
the isolation of a mixture containing 1 and 10-hy-
droxyacetylbaccatin VI, a new taxane recently identified
[3]. The final purification of 1 was achieved by analytical
HPLC.

A detailed high resolution NMR analysis (500 MHz
'H NMR, HMQC and HMBC) allowed the assignments
of the protons and the carbons. The two-dimensional
1H-13C correlations (HMBC) obtained for 1 are shown
on the lower right side of the figure: the arrows indicate
carbon—hydrogen connectivities with the arrow head in-
dicating location of the proton. The NOESY experiment
enabled us to confirm the stereochemistry of the diter-
penoid core skeleton and that the ‘U-shape’ of taxol is
retained in 1 as can be seen by the long range correlation
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between methyl-18 and H-3. The «-side correlations are
shown on the lower left side of the figure. Absolute
confirmation of the structure of 1 was obtained by semi-
synthesis. 10-Deacetylbaccatin III isolated from T. cana-
densis needles was protected [6] and coupled with N,0-
protected B-phenylisoserine to give 3 and hydrolysed [7]
to give 2. Acylation with butyryl chloride yielded a com-
pound, which, after purification (53% yield), was identi-
cal to 1. High resolution NMR and mass spectra of the
semi-synthetic and naturally occurring 1 were identical.
In addition, HPLC chromatograms of the natural and
semi-synthetic products under three different mobile
phase conditions were identical. Compound 1 promotes
the assembly of microtubules, and its activity is slightly
higher than that of taxol, but lower than that of taxotere.
The semi-synthesis can now provide large quantities of
1 for further testing.

EXPERIMENTAL

General. NMR: 500 MHz (‘H), and 125 MHz (**C)
in CDCl,. Low resolution Xe fast atom bombardment
mass spectra were obtained in glycerol. The samples
were dissolved in DMSO before addition of 0.5 ml gly-
cerol. High resolution mass spectra were made simi-
larly in glycerol-DMSO, at a resolving power of
12000. Semi-prep. HPLC was performed on a Waters
Delta Prep 3000 instrument coupled with a Model 481
variable wavelength detector with two ODS-2 MAG-9
reversed phase semi-prep. column (Whatman) connected
in series (9.4x500mm), at 3mlmin~!. Detection
was at 227 nm. For all semi-prep. HPLC sepns, a gradi-
ent of acetonitrile (25-100%) in H,O over 50 min
was used unless otherwise stated. The analyt. HPLC
system was a Perkin-Elmer instrument equipped with
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an isocratic and binary LC pump (Model 250). The sepns
were achieved on two ODS-2 reversed phase columns
(Whatman) connected in series (4.6 x 300 mm), at
1 mlmin~",

Plant material. Taxus canadensis was collected in
Quebec, during the autumn season. The plants were
stored at 4° in sterilized sand and peatmoss and were
dried before grinding.

Extraction, isolation and purification. The extraction
procedure is the same as described in ref. [3]. Semi-prep.
HPLC allowed isolation of a peak (R, = 38 min) which
contained a mixt. of 1 and 10-hydroxyacetylbaccatin VI
[3]. The final purification of 1 was achieved by analyt.
HPLC (isocratic conditions, eluent H,O-MeCN (29:21,
R, = 49.2 min) and yielded 4 mg 1 as a powder, UV
Amax MeOH 230 nm (¢£12800). FAB-MS m/z: 820.35424,
C,.Hs,NO,, requires 820.35443. '"H NMR: § 0.90 (3H, ¢,
J =73 Hz, H-8'), 1.15 (3H, s, H-17), 1.26 (3H, s, H-16),
1.62 (2H, m, H-7), 1.68 (3H, s, H-19), 1.82 (3H, 5, H-18),
1.88(1H, dd, J = 10.7,15.6 Hz, H,-6), 2.18 2H, t, J = 7.3
Hz, H-6), 2.25 (3H, s, Ac-10), 2.28-2.32 (2H, m, H-14),
2.34 (3H, s, Ac-4), 2.46 (1H, brs, OH-2), 2.54 (1H, ddd,
J =15.6,9.3,6.5 Hz, H,-6), 3.79 (1H, d, J = 7.0 Hz, H-3),
4.19 (1H, 4, J = 8.3 Hz, H,-20), 4.30 (1H, 4, J = 8.3 Hz,
H,-20),4.40 (1H, dd, J = 10.7, 6.3 Hz, H-7),4.68 (1H, br s,
H-2), 494 (1H, d, J =9.3Hz, H-5), 557 (1H, dd,
J =93,24 Hz, H-3), 567 (1H, d, J = 7.0 Hz, H-2), 6.20
(1H,d,J = 9.3 Hz, NH-4'),6.21 (1H, m, H-13),6.28 (1H, s,
H-10), 7.35-7.40 (5H, m, CHPh), 7.51-8.11 (5H, m,
COPh). '*C NMR: § 9.16 (C-19), 13.53 (C-8), 14.70

2: R=H
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(C-18), 18.79 (C-7'), 20.54 (Ac-10j, 21.70 (C-17), 22.28
(Ac-4), 26.66 (C-16), 35.41 (C-6), 35.41 (C-14), 38.33 (C-6'),
43.02 (C-15), 45.33 (C-3), 54.37 (C-3), 58.39 (C-8), 72.16
(C-7), 72.16 (C-13), 73.04 (C-2'), 74.79 (C-2), 75.37 (C-10),
76.25 (C-20), 78.90 (C-1), 81.03 (C-4), 84.12 (C-5), 127.00,
128.17, 129.04, 137.84 (CHPh), 128.75, 130.21, 133.71,
137.84, 166.88 (COPh), 133.14 (C-11), 142.11 (C-12),
170.30 (Ac-4), 171.16 (Ac-10), 172.86 (C-1), 172.86 (C-5'),
203.62 (C-9).

Biological activity: in vitro polymerization. A modifica-
tion of the method in ref. [8] was used to measure the
ability of taxol, 1 and taxotere to stimulate the assembly
of tubulin into microtubules. Microtubule protein was
isolated from fresh bovine brain by two assembly—disas-
sembly cycles similar to the method of ref. [9], but with
some modifications [10]. Initial rates and final values of
absorbance at 350 nm were for taxotere: 0.149 AU
min~!; 0.56 AU; 1: 0.068 AU min~'; 0.40 AU; taxol:
0.058 AU min~';0.28 AU; control: 0.003 AU min~%; 0.06
AU.

Semi-synthesis. the coupling compound (3). The side
chain of 3 was prepd according to ref. [7]; FAB-MS of
the methyl ester m/z: 336.1812, C,4H,(NO; requires
336.1811; FAB-MS of the acid-CH,; m/z: 306.1341,
C,6H,oNOj; requires 306.1342. The coupling procedure
of ref. [6] was used. After work up, the product was
purified by semi-prep. HPLC (R, = 63.1 min). The prod-
uct (3) was obtained as a solid (85% yield). Starting
material (10%; R, = 50.8 min) was recovered. Compound
3: FAB-MS m/z [MH]" 1004, [MH — AcOH]"* 944.
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'HNMR: (two rotamers present; second downfield
signals represented by an asterisk; integrations of split
signals are half indicated value) é 0.56 (6H, m, SiCH,),
0.91 (9H, m, SiCH,CH,), 1.55 (9H, s, t-Bu), 1.80 (1H, m,
H,-6), 2.48 (1H, m, H;-6), 2.14 (2H, m, H-14), 3.74 (1H, 4,
J =7.0Hz,H-3),3.77 (*1H, d, J = 7.1 Hz, H-3),4.09 (1H,
d, J = 8.3 Hz, H,-20), 4.10 (*1H, d, J = 8.1 Hz, H,-20),
423 (1H,d, J = 8.0 Hz, H,-20), 4,24 (*1H, d, J = 8.3 Hz,
H,-20), 4.46 (1H, m, H-7), 4.86 (1H, d, J = 7.3 Hz, H-5),
4.87 (*1H, d, J = 8.0 Hz, H-5), 5.06 (1H, brs, H-2'), 5.55
(1H, brs, H-3), 5.64 (1H, d, J = 7.1 Hz, H-2), 5.65 (*1H, d,
J = 6.9 Hz, H-2),6.24 (1H, t, J = 8.8 Hz, H-13), 6.43 (1H,
s, H-10), 6.44 (*1H, s, H-10), 7.3-7.4 (5H, m, CHPh),
7.50-8.04 (SH, m, COPh).

Semi-synthetic taxcultine (1). The coupling compound
(3) (4.0 mg, 0.0040 mmol) was stirred in 0.3 ml 95-97%
HCO,H at room temp. The reaction was monitored by
TLC and after 4 h, HCO,H was removed by a flow of N,.
After drying under vacuum, the residue was dissolved in
EtOAc (0.5 ml), and NaHCO, (10 mg) and butyryl chlor-
ide (5 ul, 0.047 mmol) were added. After stirring for 1 h,
EtOAc (10 ml) was added to the soln, which was washed
with brine and dried over MgSO,. After filtration and
evapn, the residue was purified by semi-prep. HPLC
(R, = 31.7 min). Compound 1 was obtained as a solid
[1.8 mg, 53% yield based on compound 3, R, = 0.25,
EtOAc-hexane (7:3)]; FAB-MS m/z: 820.35423,
C,,Hs,NO,, requires 820.35443. NMR values were
identical to that of the naturally occurring 1. Co-elution
of the semi-synthetic and naturally occurring samples of
1 on analyt. HPLC showed identical R, values in 3 differ-
ent conditions: 1—linear gradient of AcCN (25-100%) in
H,O over 50 min, R, = 31.7 min; 2—linear gradient of
AcCN (25-100%) in H,O over 140 min, R, = 57.1 min;
3—isocratic conditions with AcCN (43%) in H,O,
R, =459 min.
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