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Abstract—Examination of the extracts of the bark of Taxus brevifolia showed the presence of two new crystalline
taxanes: 10B-benzoyloxy-2x,4a-diacetoxy-5p3,20-epoxy-15,76,9¢,13x-tetrahydroxy-11(15 — 1)-abeotaxane and 7,9-
deacetyl baccatin IV, along with ponasterone A and three other crystalline taxanes: baccatin 1V, 9-dihydro-13-acetyl
baccatin III and 18,78-dihydroxy-48,20-epoxy-2x,5¢,9¢,108,1 3a-penta-acetoxy-tax-11-ene, isolated earlier from other
species of Taxus.

INTRODUCTION 2-5% methanol in dichloromethane. Further purifica-
tion by rechromatography and/or preparative TLC led

he di . .
The diterpene ester paclitaxel (1), first isolated from the to the compounds 27 described below.

bark of Taxus brevifolia by Wani et al. [1] in 1971, has
been shown to be a promising anti-tumour drug [2-4].
During the course of our development of a new large- Compounds 2-7

scale process for the isolation of 1 and several related Compound 2 has the molecular formula of

taxanes [5, 6], a number of other taxanes have been C3,H,400;,, and the 'H and 13C NMR spectra suggested
recognized and isolated, and this paper describes their taxane-type skeleton: four methyls, two acetates and

characterization. one benzoate group. Assignment of these and other
groups on the taxane skeleton was made by an analysis of
RESULTS AND DISCUSSION the COSY, APT, HETCOR and HMBC spectra.
Starting with H-3« (62.82 d), its coupling pattern with
Source of the compounds H-2(85.92d, J = 7.5 Hz) established H-2 as . Similarly,

H-5x (64.93 d) was correlated with the one-proton mul-
. e, tiplet of H-6a (62.48 m), which also shared a geminal
methanoloic extract of the bark of T. brevifolia (100 kg) coupling with the one proton multiplet of H-68 (5 1.78 m).
was partitioned between chloroform and water, and the g\ H_6x and § shared a cross-peak with the triplet at
solvent extract was concentrated to a solid (2.6kg) and 54 47 (J = 8.3 Hz), assigned to H-7x. The doublet at
applied to a reverse phase (C-18 bonded silica, 12.5 kg) 56.27, assigned for H-100 was correlated with H-98
column, using 25% acetonitrile in water as eluent. Elu- (6451 dd, collapsible to a d with D,0) and the latter
tion with a step gradient of 35~50% acetonitrile in water o ‘oo 4 a> cross-peak with the d oublfat at 66.10 (D,0-
gave successively, 10-deacetyl baccatin III, 10-deacetyl exchangeable), which was assigned to 9a-OH. The vicinal

cephglomannine-?-xylosic.ie, 10-deacetyll paclitaxel-7- coupling between H-98 and H-10z, with the coupling
xyloside, 10-deacetyl paclitaxel-C-7-xyloside, paclitaxel- o oo e 7 10 and 11.2 Hz indicated their trans

T-xyloside, 10-deacetyl paclitaxel, cephalomannine and ,:oitation in the molecule. The doublet of doublets at
paclitaxel, all of which crystallized out of the fractions 51.66 and the multiplet at 62.12 were designed to the
and were purified further by recrystalliza'tion and/or H-140 and H-14p, respectively, on the basis of their
a short column. The filtrates from the region between geminal coupling (J = 14.4 Hz) and coupling with the
10-deacetyl baccatin III and 10-deacetyl paclitaxel were 1 {3 B (54.45 t, J = 8 Hz).

congentrated to a syrup (400. g)' An aliquot (20 g) was All of the proton-bearing carbons were assigned by an
applied to a normal phase silica column (150 g) in di-  ,,1yi6 of the HETCOR spectrum. Seven oxygen-con-
chloromethane, with the elution sequence: 2-5% acetone, taining carbons (C-2, C-5, C-7, C-9, C-10, C-13 and C-20)
were correlated with their corresponding proton signals.
The signal at §24.4 and 26.7 corresponding to C-16 and
*For part II of the series see ref. [6]. C-17 (methyl groups), respectively, showed a cross-peak

As described in detail earlier [5, 6], the concentrated
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with a six-proton singlet at J1.14, indicating that both
methyl groups were resonating at the same fre-
quency.

An analysis of the HMBC spectrum permitted an
unambiguous assignment of the C-18 and C-19 signals,
the ester functions and quaternary carbons. The signal at
8674.3 (C-9) showed a three-bond coupling with the C-19
methyl group (61.71) and at the same time H-3x (§2.82)
and H-9f signals displayed a cross-peak with an up-field
signal at §10.5 (assigned to C-19) and with the resonance
at 540.7 (assigned to C-8). The H-9p signal did not show
a cross-peak with a carbonyl carbon, and this, along with
its up-field position (64.51), strongly indicated a free
hydroxyl! at C-9.

Proton resonances at §7.95, 2.14 and 1.99, assigned for
the ortho protons of the benzoate, and the acetate pro-
tons, showed three-bond coupling with the carbon sig-
nals at 6163.7, 168.5 and 169.5, respectively, thus indicat-
ing that these resonances were due to the C=0 carbons
of the benzoate and the two acetate groups. At the same
time, resonances 4163.7 (benzoate C=0) and 168.5 dis-
played cross-peaks with the proton signals at §6.27 (H-
10a) and 5.92 (H-2p), respectively, and strongly indicated
an attachment of the benzoate function at C-10 and one
acetate (6 2.14 corresponding to the acetate methyl signal)
at C-2. The second acetate carbonyl carbon signal did
not show a cross-peak with any proton except with the
singlet at 61.99, and this indicated that the second acetate
function was located at the C-4 carbon. The signal for the
C-4 carbon was assigned by its correlation with H-3a,
H-5« and H-20 («, f8) signals.

The H-10ax signal showed cross-peaks with resonances
at §131.6, 148.8 and 65.7, which were assigned for C-11,
C-12 and C-1. The C-11 and C-12 carbon signals showed
a cross-peak with the H-148 resonance, which indicated
that both C-11 and C-12 are three bonds apart from
H-148. This meant that the A ring is a cyclopentene as in
an 11(15 — 1)-abeotaxane structure [7]. The carbon sig-
nal at §76.3, assigned to the hydroxyl-bearing C-15,
displayed a cross-peak with C-16 and C-17 methyl reson-
ances at §1.14. The C-1 signal (665.7), apart from H-10«,
also showed three-bond coupling with H-3« and C-16,
C-17 methyl signals. That no cross-peak was observed
between C-16, C-17 (methyl) signals and the C-11 olefinic
carbon in the HMBC spectrum [8] further supported the
11(15 — 1)-abeotaxane skeleton for 2.

MeCO-O

CH,CO-Ole-

The C-11 and C-12 carbon signals also showed coup-
ling with a three-proton resonance at J 1.82, assigned to
the C-18 methyl. Since the carbon signal at §10.5 was
assigned to the C-19 methyl, the remaining carbon signal
in the methyl region at §10.7 must be assigned to C-18
methyl. Thus, the structure 2 is shown to be 108-ben-
zoyloxy-2a,4a-diacetoxy-58,20-epoxy-1p,75,92,13a-tet-
rahydroxy-11(15 — 1)-abeotaxane.

Compound 3 has a molecular formula of C;5H40012,
and the 'H and '3C NMR spectra displayed the presence
of four methyls, four acetates and an oxetane function,
typical of a taxane skeleton. The proton assignments on
the taxane skeleton were based on COSY spectral analy-
sis. Three acetate groups were located at C-2, C-10 and
€-13, based on their down-field methine proton signals at
05.46 (H-28), 6.13 (H-10x) and 6.11 (H-13p) and correla-
tion with the vicinal methine proton signals. The fourth
acetate function, which did not show any association
with a CH or CH,, group, was assigned at the C-4 position.

The positions of all proton-bearing carbons except the
methyls at C-8 and C-15 and the acetyl groups were
analysed by APT and HECTOR spectra. Seven signals
due to the oxygen-carrying carbons: §73.0, 84.1, 73.7,
76.6, 73.0, 69.7 and 76.5 were assingned to C-2, C-5, C-7,
C-9, C-10, C-13 and C-20, respectively, through correla-
tion with their corresponding proton signals at: §5.46
(H-2p), 4.94 (H-5), 4.38 (H-72), 4.33 (H-98), 6.13 (H-102)
6.11 (H-13B) and 4.21/4.48 (H-20x and H-208). The up-
field signal at 614.7 showed a cross-peak with the three-
proton doublet at §1.88 and this was assigned to C-18
methyl, whereas the signals at §12.3, 21.4 and 28.2, which
coupled with three-proton singlets at §1.74, 1.60 and
1.22, were assigned to carbons C-19, C-16 and C-17,
respectively.

Acetylation of 3 gave a diacetate, the spectral data for
which corresponded to those described for baccatin IV
(4) [9, 10]. Compound 4 was also isolated as one of the
components of the bark extract as described here. As for
the location of one of the hydroxyls in 3 (whether present
at C-9 or C-10), since the signal due to H-10, which is
allylic, will appear more down-field than H-9, and since
no signal was found in 4, which was more down-field
than §6.13, it clearly indicated that the newly introduced
acetate was at the C-9 hydroxyl. Thus, the structure of
3 was shown to be 7,9-deacetyl baccatin 1V, which is
being reported here for the first time.
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Compound § was characterized as the known 15,78-
dihydroxy-48,20-expoxy-2a,5%,9%,108,13a-penta-
acetoxy-tax-11-ene, isolated earlier from the needles of T.
brevifolia [8]. We are reporting its *3C NMR data for the
first time. The assignments are based on the APT and
HECTOR spectra and comparison with data for similar
compounds [11].

Compound 6 was identified as 9-dihydro-13-acety!
baccatin III by comparison with the spectral data re-
ported in the literature [12, 13]. This very important
compound, (precursor for 9-dihydro-paclitaxel) was iso-
lated earlier from the needles of T. canadensis, and the
current isolation is the first from the bark of T. brevifolia.

Compound 7 was identified as ponasterone A, origin-
ally isolated from Podocarpus sp., T. cuspidata and others
[14, 15]. This report describes its first isolation from the
bark of Taxus brevifolia.

EXPERIMENTAL

'H and '*C NMR, COSY and the HECTOR spectra:
Varian VXR-300 and Varian Gemini-300 spectrometers.
HMBC spectrum: Varian 600 spectrometer. Chemical
shifts are reported in d(ppm) using TMS as int. standard.
FAB mass spectra: Finnigan Mat 950 Q spectrometer. IR
spectra: Perkin-Elmer 1420 ratio recording spectro-
photometeer.

Mps (uncorr.): Fisher—Johns apparatus. TLC: silica gel
60 HF,s, (E. Merck and Aldrich), with MeOH-
Me,CO-CH,Cl; (1:4:15) or MeOH-CH,Cl, (1:10) as
solvents, visualiztion by UV (254 nm) and charring with
dilute H,SO, spray.

10B-Benzoyloxy, 2ua,4a-diacetoxy-5p,20-epoxy-1B,78,
9a,13a-tetrahydroxy-11(15 — 1)-abeotaxane (2). Crystal-
lized from Me,CO-ligroin; yield 0.004%, mp 242-243°
C; IR (KBr), 3450, 2430, 1730, 1450, 1368, 1250, 1175,
1110, 1070, 1025, 985, 938; HRMS(FAB): [M + H]",
589.2636; Calc. 589.2666; [M + H — H,0], 571
[M +H - PhCO;H], 467, [M + H — PhCO,H —
AcOH — H,0]}, 389; [M + H — PhCO,H — 2 x AcOH —
H,0], 329; '"HNMR[CDCl; /DMSO-ds (4:1)]: 51.14
(6H, s, H-16, H-17),1.66 (1H, dd, J = 14.4,7.2 Hz, H-140),
1.71 (1.H, 5, H-19), 1.78 (1H, m, H-68), 1.82 (3H, s, H-18),
1.99 (3H, 5, 4-OCOCH,;), 2.12 (1H, m, H-148), 2.14 (3H, s,
2-OCOCHs;), 248 (1H, m, ZJ = 31.2 Hz, H-64), 2.82 (1H,
d, J =17.5Hz, H-30), 4.27 (1H, ¢, J = 8.3 Hz, H-7x), 4.36
(2H, bs, 20 a/B), 4.45 (1H, ¢, J = 8 Hz, H-138), 4.51 (1H,
dd, J =8, 10 Hz, H-98), 493 (1H, d, J = §.4 Hz, H-5x),
592 (1H, 4, J = 7.5 Hz, H-2f), 6.10 (1H, d, J = 7.5 Hz,
9-2OH), 6.27 (1H, d, J = 11.2 Hz, H-10a), 7.44 (2H, ¢,
J =17.5Hz,m-ArH}, 7.56 (1H, t, J = 7.2 Hz, p-ArH), 7.95,
(2H, d, J = 7.5 Hz, 0-ArH); 1*C NMR [{(CDCl;/DMSO-
de(4:1)]: 610.5 (C-19), 10.7 (C-18), 20.5 (OAc), 24.4 (C-
16), 26.7 (C-17), 36.3 (C-6), 38.1 (C-14), 40.7 (C-8), 43.1
(C-3), 65.7 (C-1), 67.1 (C-2), 70.0 (C-10), 70.9 (C-7), 73.0
(C-20), 74.2 (C-13), 74.3 (C-9), 76.3 (C-15), 77.9 (C-4), 83.5
(C-5), 127.1 (ArC-m), 128.2 (ArC-0), 129.2 (ArC-CO),
131.6 (C-11), 133.3 (ArC-p), 148.8 (C-12), 163.7 (O-CO-
Ph), 168.5 (C2-OCOCH3;), 169.5 (C4-OCOCH;). Anal.
Calc. for C3;H400, 4, H,O: C, 61.32; H, 6.97. Found C,
61.68; H, 6.86.

7.9-Deacetyl baccatin IV (3). Crystalline solid from
Me,CO-ligroin), yield, 0.005%, mp 210-214°, IR (KBr,
Cm™1%), 3480, 1742, 1738, 1430, 1368, 1230, 1165, 1050,
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1015, 980; 'HNMR (CDCl; é8), 1.22 (3H, s, H-17), 1.60
(3H, s, H-16), 1.74 (3H, s, H-19), 1.88 (3H, d, J = 1.2 Hz,
H-18), 1.96 (1H, m, H-6f), 2.18 (2H, m, H-14a, H-148),
2.09 (3H, s, OAc), 2.12 (3H, 5, OAc), 2.16 (6H, s, 2 x OAc),
2.56 (1H, m, H-6a), 2.91 (1H, d, J = 5.7 Hz, H-3a), 4.21
(1H, d, J = 8 Hz, H-20w), 4.33, (1H, d, J = 9.3 Hz, H-95),
4.38, (1H, m, £J = 17 Hz, H-7¢), 448 (1H, d, J = 8 Hz,
H-208), 494 (1H, d, J =8.1 Hz, H.5a), 546 (1H, 4,
J =57Hz, H-28), 6.11 (1H, m, H-138), 6.13 (1H,
J =10.5 Hz, H-10x); '3 CNMR (CDCl;, §) 12.3 (C-19),
14.7 (C-18), 21.1 (OAc), 21.3 (2 x OAc), 21.4 (C-16), 22.7
(OAc), 28.2 (C-17), 35.0 (C-14), 37.7 (C-6), 43.0 (C-8 or
C-15),44.6 (C-8 or C-15),47.0(C-3), 69.7 (C-13), 73.0(C-2
and C-10), 73.7 (C-7), 76.5 (C-20), 76.6 (C-9), 78.3 (C-1),
81.7 (C-4), 84.1 (C-5), 134.8 (C-11), 139.3 (C-12), 169.6
(OCOCH;), 170.5 (OCOCH;), 170.7 (OCOCH,), 171.9
(OCOCH;); HRMS, [M + H], 569.2671; Calc. for
C,8H400,: 569.2615.

Baccatin IV (4). A mixt. of 3 (50 mg), Ac,O (1 ml) and
pyridine (0.5 ml) was heated at 70° for 30 min, cooled,
diluted with H,O and the solid filtered and crystallized
from Et,0, mp 263-265° (lit. 265-266° [9, 10]). The
compound was also isolated in a yield of 0.004% as one
of components from chromatography of the bark extract
in the present work. TLC and spectral data for the two
were identical.

9-Dihydro-13-acetyl baccatin 111 (5). Crystallized from
Me,CO-ligroin, yield, 0.003%, mp 243-244°, MS(FAB):
[M +H]*, 631. 'H and '3CNMR spectra matched
those reported in lit. [12, 13].

1B,7B-Dihydroxy-4p,20-epoxy-2a,50,92,108,130-
penta-acetoxy-tax-11-ene (6). Crystalline solid (from
Et,0), mp 234-236°, yield 0.005%, MS (FAB):
[M + HJ]*, 611; 3CNMR (CDCl;): 12.6 (C-19), 15.5
(C-18), 20.5, 20.8, 21.3, 21.6, 21.8 (Acx 5), 21.8, (C-17),
28.5 (C-16), 32.3 (C-6), 38.4 (C-14), 40.4 (C-3), 43.3 (C-15),
47.1 (C-8), 49.9 (C-20), 59.2 (C-4), 69.1 (C-7), 70.4 (C-10),
71.8 (C-13), 72.5 (C-2), 76.1 (C-1), 78.1 (C-5), 135.7 (C-11),
140.7 (C-12), 168.3 (OCOCHy3;), 169.1 (OCOCH3;), 169.5
(OCOCH3;), 169.6 (OCOCH3), 170.1 (OCOCH3).

Ponasterone A (7). Purified by crystallization from
MeOH, mp 257-260°, yield 0.006%, MS (FAB):
[M + H]*, 465. Spectral data identical with those de-
scribed in lit. [14, 15].
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