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Abstract

Chemical examination of the seeds of the Chinese yew, Taxus yunnanensis Cheng et L. K. Fu and the Japanese yew, Taxus
cuspidata Sieb et Zucc, resulted in the isolation of four taxane diterpenoids. The structures of these taxoids were established as

(12a)-2a-acetoxy-50,9a,10B-trihydroxy-3,11-cyclotax-4(20)-en-13-one;

2a,7B,13a-triacetoxy-5a,9a-dihydroxy-2(3—20)abeotaxa-

4(20),11-dien-10-one; 9a,10B-diacetoxy-Sa-cinnamoyloxytaxa-4(20),11-dien-13a-o0l and the known 2a,78,9a,108,13-pentaacetoxy-
taxa-4(20),12-diene-5a,11B-diol on the basis of spectral analysis. © 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The clinical application of Taxol® (paclitaxel)
against ovarian, breast and other carcinomas has
spurred a worldwide search for a new source of this
drug. Although more than 300 taxane diterpenoids
have been isolated from yew trees (Parmar et al.,
1999), there are still great number of new taxoids
being isolated (Kobayashi et al., 1998; Kobayashi and
Shigemori, 1998; Chattopadhyay et al., 1999; Gabetta
et al., 1996; Fukushima et al., 1999; Yang et al., 1999;
Shigemori et al., 1999), some of which show interesting
activities (Yang et al., 1999; Shigemori et al., 1999).
Although they represent a biorenewable source, the
seeds of yew trees have received little attention (Chat-
topadhyay et al., 1999; Shigemori et al., 1999; Wang et
al., 1997; Appendino et al., 1993; Yoshizaki et al.,
1986). In previous work, we isolated three taxoids
from the seeds of the Chinese yew, Taxus yunnanensis
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Cheng et L. K. Fu and the Japanese yew Taxus cuspi-
data Sieb et Zucc (Shi et al., 1999). Our further investi-
gation of the seeds of these plants resulted in the
isolation of four taxoids: a 3,11-cyclotaxane (1), a re-
arranged 2(3 — 20)abeotaxane (2), and a normal tax-
ane (3) were isolated from the seeds of the Chinese
yew, and a known taxane with an enol acetate moiety
in ring A (4) (Zamir et al., 1999) was isolated from the
seeds of the Japanese yew. In this communication, we
would like to describe the isolation and structure eluci-
dation of the three new compounds.

2. Results and discussion

A methanolic extract of the seeds of T. yunnanensis
Cheng et L. K. Fu was processed as described in Sec-
tion 3 to afford three new taxane diterpenoids (1-3).
Compound 1 was isolated as a colorless gum with a
yield of 0.00013% from the dried seeds. The IR spec-
trum contained a hydroxyl band centered at 3400
cm™! together with acetoxy and carbonyl system bands
at 1710 and 1730 cm™', which were confirmed by the
signals at 6 22.2, 170.5 and 212.6 in the *C NMR
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spectrum. EIMS gave the ion peak at m/z 392 (M ™).
HR-EIMS analysis revealed the molecular formula to
be C»H3,04 (A +0.5 mmu). Its 'H NMR spectral
data, shown in Table 1, showed characteristic signals
of taxoids, including signals for four methyl groups at
0 1.22, 1.25, 1.43, and 1.52. Chemical shifts of the
characteristic proton resonances due to an exomethy-
lene moiety appeared at 6 5.52 and 5.68 (each 'H,
br.s). The connectivity of the protons at the taxane
skeleton of 1 was determined by analysis of the '"H-'H
COSY spectrum. The '"H NMR spectrum of 1 differed
from the spectra of the normal taxanes by the follow-
ing features: (1) the signal due to H-3a, usually
appearing at 6 2.3-3.6 ppm with a coupling constant
ca. 6 Hz, was absent; (2) one of the methyl groups
appeared as a doublet at 6 1.43, which showed a coup-
ling with a quartet signal at ¢ 3.71 (1H, ¢, J = 7.1 Hz)
in the "H-'"H COSY spectrum. These spectral features
indicate that 1 was an example of a 3,11-cyclotaxane.
(Appendino, 1995), a minor group of taxoids. The cor-
relation between H-2 and C-11 in the HMBC spectrum
(Fig. 1) further supported this conclusion. Assignment

Table 1

of the protonated carbons was done on the basis of
the 2D '*C—"H correlation spectrum, whereas for the
quaternary carbon resonances, the long-range coupled
C—H-correlation spectrum was used. The relative
stereochemistry of 1 was elucidated by the NOESY
spectrum as shown in Fig. 1.

Compound 2 was obtained as a colorless gum and
showed a molecular ion at m/z 492 (M) " in the EIMS
spectrum. HR-EIMS analysis revealed the molecular
formula of 2 was CogH3sOy (m/z 4922361 [M]*,
A +0.2). Absorptions at 3430, 1730, and 1680 cem~!in
the IR spectrum implied that 2 possessed hydroxy,
ester and ketone groups, respectively. The 'H NMR
spectrum (Table 1) showed characteristic signals due
to a taxoid skeleton, including four methyl (6 0.90,
1.15, 1.42 and 1.76), and three acetyl methyl (6 2.03,
2.07 and 2.16) groups. Detailed analysis of the "H-'H
COSY spectrum revealed connectivities of H-14 to H-
1, H-1 to H-2, H-2 to H-20, H-5 to H-6, H-6 to H-7,
H-9 to H-10 and H-13 to H-14. The spin system de-
rived from 18-CH;, H-13B, H-14o and H-14p was
readily interpreted. The signal of 3H-appearing as a

'H and "3C NMR spectral data of 1 and 2 (300 MHz for 'H and 125 MHz for *C, CDCls)

Position 1 2
6'H (ppm) J o3¢ (ppm) 8'H (ppm) J o3¢ (ppm)
1 2.06 br.d 6.9 48.7 1.87 m 46.7
2 6.02 d 5.5 717.7 5.79 br.d 9.3 71.5
3a 66.7 2.37 br.d 15.4 333
3b 2.25 br.d 15.4
4 149.2 140.1
5 4.73 br.t 8.9 75.7 4.32 dd 9.6, 14.7 67.1
6a 1.92 m 28.5 2.33 dd 5.8,9.6 36.5
6b 1.45m 1.92 m
Ta 1.05 m 30.6 5.28 br.s 73.4
7b 1.80 m
8 45.1 45.2
9 427d 9.4 85.0 4.60 br.s 77.0
10 420 d 9.4 82.6 207.5
11 59.0 141.6
12 371 ¢q 7.1 53.7 142.2
13 5.47 br.t 6.4 212.6 5.34 br.d 9.9 67.9
140, 2.60 br.d 19.8 39.8 1.95 m 26.8
148 2.46 dd 6.9, 19.8 2.69 ddd 7.5,99,17.4
15 42.8 35.8
16 1.52 s 29.6 1.42 s 24.7
17 1.25 s 27.6 1.15 s 329
18 1.43 d 7.1 17.3 1.76 br.s 19.4
19 1.22 5 27.0 0.90 s 16.0
20a 5.68 br.s 125.6 5.46 br.d 9.3 119.8
20b 5.52 br.s
2-OAc 2.05s 22.2 2.16 s 21.5
170.5 170.0
7-OAc 2.03 s 21.1
170.0
13-OAc 1.99 s 2.07 s 21.1

170.4
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Fig. 1. "H-'3C long-range correlations observed in the HMBC (left); and relative stereochemistry of 1, based on the NOESY analysis (500

MHz). Most protons are omitted for clarity.

broad singlet at ¢ 1.76 was assigned to 18-CH; based
on its long-range coupling with H-13f; the broad
doublet at 6 5.34 was assigned to H-13p; the multiplet
at 6 1.95 and doublet of doublets of doublets § 2.69
were assigned to the C-14 methylene protons, H-14a
and H-14p, respectively, based on their geminal coup-
ling and coupling to H-13B. The multiplet at 6 1.87,
which correlated with H-14B in the 'H-'H COSY
spectrum, was assigned to H-1B. The signal at 6 5.79,
which correlated with H-1p in the "H-'"H COSY spec-
trum, was attributed to H-2f3. The proton H-28
coupled with the signal at 6 5.46 (1H, br.d, J=29.3
Hz) instead of the signals at § 2.8-4.0 in the '"H NMR
spectrum is characteristic of proton of H-3a in most
taxoids (Appendino, 1995; Kingston et al., 1993; Zhou
and Fang, 1997). In the '"H NMR spectrum, com-
pound 2 did not show characteristic signals corre-
sponding to an exocyclic methylene, oxetane ring or
terminal methylene; however, an isolated spin system
of broad doublets at 6 2.25 and 2.37 with the coupling
constant J = 15.4 Hz was observed. These data, along
with long-range correlations between H-3 and H-20,
H-5 and H-20, clearly indicated that 2 had a re-
arranged 2(3 — 20)abeotaxane skeleton (Appendino,
1995), which was confirmed by HMBC and HMQC
spectra. The 'H and '*C data of compound 2 were
fully assigned on the basis of '"H-'H COSY, HMBC
(Fig. 2) and HMQC spectra. Based on the coupling

constants and NOESY spectra (Fig. 2), the protons at
2,5,7,9 and 13 were assigned to B, B, o, B and B, re-
spectively, having the same configurations as found in
most natural taxoids. The relative stereochemistry of
compound 2 was elucidated by means of an NOESY
experiment as shown.

The structure of compound 2 is closely related to
taxuspine W (Hosoyama et al., 1996; Yue et al., 1995),
but its '"H and '*C NMR spectra showed some differ-
ences. Taxuspine W showed 10-OH signal at 6 4.20 in
its '"H NMR spectrum, whereas in compound 2 this
signal was absent. In compound 2, the signal of a 10-
keto group resonated at ¢ 207.5 due to it conjugation
with the C-11,12 double bond; in taxuspine W, the sig-
nal of the 9-keto appeared at 6 213.1.

Compound 3 was isolated as a colorless gum in
a yield of 0.00021%. The IR spectrum of 3 exhib-
ited typical bands at 3500 (OH), 1730 (C=0), and
1640 (C=C) cm~'. HR-FABMS revealed the molecu-
lar formula to be C33H407. The '"H NMR spectrum
had well-dispersed signals suggestive of a taxane de-
rivative containing two acetate groups (6 2.01 and
2.05, each 3H, s) and one cinnamate group (J 6.70,
'H, d, J=159 Hz; 6 7.72, 'H, d, J = 15.9 Hz; § 7.39,
3H, m; 6 7.55, 2H, m). The connectivity of the protons
at the taxane skeleton of 3 was determined by an
analysis of the "H-'H COSY spectrum. Interpretation
of the "H, '*C NMR and HMBC spectra permitted

Fig. 2. "H-'3C long-range correlations observed in the HMBC (left), and relative stereochemistry of 2, based on the NOESY analysis (500

MHz).
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the positional assignment of functional groups. Long-
range correlations of H-10 to C-15, H-16 and H-17 to
C-11 and H-3 to C-1, C-9, C-19 and C-20 in the
HMBC spectrum indicated that 3 possessed a 6/8/6-
membered ring system. The isolated spin system com-
prising doublets at § 5.81 and 6.07 were attributed to
H-9B and 10a, respectively, with a large vicinal coup-
ling (/ = 10.4 Hz) indicating a trans-oriented configur-
ation. "H NMR signals at § 491 (1H, br.s), 5.26 (1H,
br.s), and 3.16 (1H, br.d, J = 5.7 Hz) were character-
istic of an exocyclic methylene and the C-3 ring junc-
tion proton in a taxa-4(20),11-diene (Appendino, 1995;
Zhou and Fang, 1997), respectively. The structure of 3
was, therefore, assigned as 9a,10B-diacetoxy-5a-cinna-
moyloxytaxa-4(20),11-dien-13a-0l. The relative stereo-
chemistry of 3 was deduced from the NOESY
experiment and the coupling constants. The presence
of a cinnamate group at the o-position of C-5 was
shown by the cross peaks between H-2' and 18-CHj;
and between H-5 and H-20.

Compound 4 was identified on the basis of exten-
sive analysis of spectral data to be 2a,7B,92,10B,13-
pentaacetoxy-taxa-4(20),12-diene-5a,11pB-diol, pre-
viously isolated from 7. canadensis (Zamir et al.,
1999). Taxane diterpenoids of this type, exhibiting
an enol acetate moiety in ring A, have been pre-
viously reported as natural (Shigemori et al., 1999;
Kobayashi et al., 1996a, 1996b) and as synthetic
(Johnson et al., 1997; Kelly et al., 1996) products.

Compound 1 is a new 12o-methyl member of a
smaller group of 3,11-cyclotaxanes, wherein the satu-
rated C-11,12 double bond makes the 18-CHj shift
upfield and become a doublet. At the same time, the
H-12 resonance at ca. 6 3.7 appears as a quartet, and
the H-9B resonance appears further downfield than
that of H-10a. Compound 2 was a rare rearranged 2(3
— 20)abeotaxane with a 9¢-OH and 10-one moiety;
this is the first report of such a compound. Compound
4 is a taxane with an enol acetate moiety in ring A; in
this kind of taxoid, H-9f and H-10a have a relatively
smaller coupling constant (ca. 4.9 Hz).

3. Experimental
3.1. General

Optical rotations were recorded on a Horiba SEPA-
300 digital polarimeter. IR spectra were obtained on a
Jasco IR-810 instrument. MS were measured on a Jeol
JMS-700 spectrometer using EI and FAB modes. 'H
and '*C NMR spectra were obtained with a Varian
Unity Inova 500 and Varian GEMINI 2000/300 spec-
trometers operating at 500 and 300 MHz for 'H, 125
MHz for '*C with CDCl; as solvent at 20°C. Chemical
shifts of the taxanes are reported in & (ppm) using

TMS as an internal standard. Open column chroma-
tography was performed using Merck silica gel 60
(100-200 mesh). Thin layer chromatography was car-
ried out with the precoated Merck silica gel 60 Fssy4
plates. Preparative TLC was performed using the same
type of plates but with 0.85 mm thickness (dried for 24
h at room temperature and activated for 4 h at
120°C). The spots were detected under UV (254 nm)
and/or by spraying with 10% sulfuric acid and then
heating on a hot plate.

3.2. Plant material

The seeds of T. yunnanensis were collected in Con-
gteng country, Yunnan Province, in the southwest of
China, in October 1995. The botanical identification
was made by Prof. J.H. Wang, School of Pharmaceuti-
cal Science, Hebei Medical University, People’s Repub-
lic of China. The seeds of T. cuspidata Sieb et Zucc
were collected in Toyama Prefecture of Japan, in Octo-
ber 1998. The botanical identification was made by
Prof. Takashi Oritani (Toyama Prefectural University).
The voucher specimen have been deposited in our lab-
oratory at Graduate School of Agricultural Science,
Tohoku University, Japan. The plant material was
stored at 5°C.

3.3. Extraction and isolation

Air dried seeds (2.2 kg) of T. yunnanensis Cheng et
L. K. Fu were crushed and extracted with hexane
three times at room temperature to remove the major
part of the neutral solubles which were not investi-
gated further. The resulting residue was extracted three
times with methanol (MeOH); the combined MeOH
extracts were evaporated in vacuo to afford a residue
(135 g). This residue was diluted with water and
extracted five times with EtOAc (85 g). The combined
EtOAc layer was further extracted with 5% HCI. After
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neutralization, the aqueous layer was extracted three
times with EtOAc. The combined EtOAc extract, upon
evaporation, yielded 8.8 g of a yellowish syrup, which
was subjected to column chromatography (CC), eluted
with hexane—ethyl acetate (2:1, 1:1, 1:2, 1:4). Twelve
fractions were obtained and each was evaporated to
dryness in vacuo. Fractions 5 (900 mg), 6 (750 mg)
and 7 (450 mg) were further separated by preparative
thin layer chromatography (TLC) repeatedly with
different developing solvent (CHCl;—Me¢OH, hexane—
EtOAc, hexane—acetone), and finally compounds 1 (3
mg), 2 (2 mg) and 3 (4.8 mg) were separated in pure
form.

Air dried and crushed seeds (0.9 kg) of T. cuspidata
Sieb et Zucc were extracted with hexane three times at
room temperature to remove most of the undesired
neutral components. The remaining plant material was
extracted twice with methanol (MeOH), and the
MeOH extracts were pooled, condensed and parti-
tioned between EtOAc and water. The EtOAc layer,
after being condensed to a residue (25 g) under
reduced pressure, was adsorbed on 30 g of silica gel
and subjected to silica gel (300 g) column chromatog-
raphy. The column was eluted with hexane—acetone
(4:1, 3:1, 2:1, 1:1 and 1:2, each 2000 ml) into 11 frac-
tions. Fraction 9 (1550 mg) was repeatedly separated
and purified by means of preparative TLC of silica gel
with hexane—acetone (3:2), hexane—EtOAc (3:5), and
CHCI;—-MeOH (100:5) as the solvent systems, which
finally afforded compound 4 (4 mg) in pure form.

3.4. (120)-20-Acetoxy-5u,90,105-trihydroxy-3,11-
cyclotax-4(20)-en-13-one (1)

Gum, [¢]3* — 17° (CHCls, ¢ 0.01); IR (film, CHCl3)
Vmax: 3400, 2930, 1730, 1710, 1370, 1240, 1050, 910
and 730 cm™'; 'H and 'C NMR spectral data: see
Table 1; EIMS: m/z: 392 ((M] "), 332 (M — AcOH]"),
256 and 43; HR-EIMS: 392.2204 (calculated for
C5,H;3,06, 392.2197).

3.5. 20,7p,130-Triacetoxy,5o,9a-dihydroxy-2(3 —
20 )abeotaxa-4(20),11-dien-10-one (2)

Colorless gum, [oc]é4 —13° (CHCI3;, ¢ 0.01); IR vpax
(CHCl;, film): 3430, 3010, 2920, 1730, 1680, 1370,
1240, 1130 and 760 cm™'; 'H and '*C NMR spectral
data: see Table 1; EIMS m/z: 492 ((M]"), 432 (M —
AcOH]"), 372 (M — 2AcOH]"), 312 (M -—
3AcOH] "), 284 (M — 3AcOH-H,0]"), 283, 121, 105
and 43; HR-EIMS m/z: 492.2361 (calculated for
Ci6H3609, 492.2357).

3.6. 9a,10B-Diacetoxy-Sa-cinnamoyloxytaxa-4(20),11-
dien-1300l (3)

Colorless gum, [¢]2* — 13° (CHCl3, ¢ 0.03); IR Viax
(CHCl;, film): 3500, 3010, 2950, 2930, 1730, 1700,
1640, 1580, 1450, 1370, 1250, 1110 and 750 cm™'; 'H
NMR spectral data (300 MHz, CDCl5): 1.78 (1H, m,
H-1), 1.80 (2H, m, H-2), 3.16 (1H, br.d, J=5.7 Hz,
H-3), 548 (1H, br.s, H-5), 1.99 (1H, m, H-6a), 1.78
(1H, m, H-6b), 1.80 (1H, m, H-7a), 1.73 (1H, m, H-
7b), 5.81 (1H, d, J =10.4 Hz, H-9), 6.07 (IH, d, J =
10.4 Hz, H-10), 4.50 (1H, m, H-13), 1.15 (1H, dd,
J=15.5, 15.1 Hz, H-14a), 2.85 (1H, m, H-14B), 1.25
(3H, s, 16-CH3), 0.97 (3H, s, 17-CH3), 2.30 (3H, s, 18-
CH3), 0.76 (3H, s, 19-CH3), 5.26 (1H, br.s, H-20a),
491 (1H, br.s, H-20b), 2.05 (3H, s, 9-COCHs), 2.01
(3H, s, 10-OCOCHy), 6.70 (1H, d, J = 15.9 Hz, H-2'),
7.72 (1H, d, J =159 Hz, H-3"), 7.55 (2H, m, H-5'),
7.39 (3H, m, H-6".7"); >C NMR spectral data (125
MHz, CDCly): 40.6 (C-1), 28.5 (C-2), 39.2 (C-3), 149.2
(C-4), 77.6 (C-5), 28.1 (C-6), 30.4 (C-7), 43.8 (C-8),
78.2 (C-9), 73.9 (C-10), 135.1 (C-11), 142.0 (C-12), 68.9
(C-13), 37.4 (C-14), 39.5 (C-15), 27.1 (C-16), 32.7 (C-
17), 16.8 (C-18), 18.2 (C-19), 114.9 (C-20), 21.9, 171.2
(9-OAc), 21.6, 170.8 (10-OAc), 167.1 (C-1"), 118.7 (C-
2", 146.3 (C-3"), 135.2 (C-4"), 129.7 (C-5"), 128.9 (C-
6"), 131.0 (C-7"); NOESY correlations (CDCl;, H/H):
19/9, 17/7, 17/13, 18/10, 18/2’, 20/5; FABMS m/z: 589
(M + K] ™), 561, 547, 529, 517, 429, 333, 205 and
43; HR-FABMS mjz: 589.2562 (calculated for
C33H4,04K, 589.2565).
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