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Three new taxoids were isolated from the seeds of the Chinese yew, Taxus chinensis var
maire, their structures were established as 9a,13a-diacetoxy-5a-cinnamoyloxy-11(15 -» | )-abeo-
taxa-4(20).11-diene-1043,15-diol,  2¢x.9cr,103-triacetoxy-taxa-4(20),1 1-diene-5¢. 1 3ex-diol  and
20v,73,103-triacetoxy-5a-cinnamyloxy-9a-hydroxy-taxa-4(20).1 1-dienc-13-onc on the basis of
1D. 2D NMR, and MS spectral analyses.

Keywords: Taxus chinensis var mairer;, Taxaceae: Taxoids; 11(15— 1)-Abeotaxane; Secds

INTRODUCTION

During the course of our studies on the taxane diterpenoids of yew trees,
we have reported the isolation and characlerization of several bicyclic and
rearranged taxoids from the needles and bark of the Chinese yew, Taxus
chinensis var mairei [1-4]. In view of only a few studies on the constituents
of the seeds of T. chinensis var mairei that were carried out [5], we recently
investigated the components of the seeds of T. chinensis var mairei, and this
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Taxol® (paclitaxel)

FIGURE 1 The structures of taxol and new taxoids from Taxus chinensis var mairei.

led to the isolation of three new taxane diterpenoids. This communication
deals with the isolation and structure elucidation of three new taxoids from
the seeds of T. chinensis var mairei (Fig. 1).

RESULTS AND DISCUSSION

A methanolic extract of the seeds of 7. chinensis var mairei was processed
as described in the Experimental section to afford three new taxane diter-
penoids (1, 2 and 3). Compound 1 was isolated as a colorless gummy sub-
stance in a yield of 0.001% on the dry material. FAB-MS produced a
protonated ion peak at m/z 567 (M +H]") and an ion peak at m/z 605
(M + K]"). The molecular formula of compound 1, C33H4,0x, was deduced
from combined analysis of HR-FAB-MS at m/z 605.2510 ([M + K]*) and
BC.NMR spectrum. Intensive absorptions at 3400, 1730, 1710, and
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TABLE I 'H- and '"C-NMR spectral data of 1 and 2 (300 MHz for "H. 125MHz for "*C.
CDCl,)
Position 1 2
Ve 'H J e 'H J
| 61.66 47.67 .75 brd 6.9
2u 27.65 2.00m 71.26 5.41dd 1.9.5.8
2b 1.33m
3 40.63 2.78d 7.9 41.73 246d 58
4 147.21 145.12
S 75.00 5.47brs 77.20 4.30brs
6a 27.16 1.81m 32.06 [.70m
6b .78 m
7 28.99 1.80 m 26.56 1.95m
8 41.50 44.72
9 80.93 5.60d 9.7 77.01 5.76d 10.5
10 67.37 4.51d 9.7 73.34 6.05d 10.3
11 141.79 132.99
12 140.34 142.21
13 8017 5.22brt 7.0 68.03 4.35m
14 44.01 1.10m 31.85 2.70m
144 2.38dd 6.6, 13.5 1.56m
15 76.75 36.96
16 25.39 1.345 25.64 [.665
17 27.63 1.125s 32.43 0935
1% 11.20 1.90 brs 16.62 225brs
19 16.99 0.78s 17.2 0.85s
20a 11217 4,78 brs 115.29 4.84 hrs
20b 3.22brs 521 brs
2-0OAc 21.33 2.01s
169.49

9-0OAC 2117 2.10s 20.81 2045

171.54 170.05
10-OAc 21.14 2.05s

170,08

13-OAc¢ 20.46 1.50s

17110
1 165.63
R 11%.59 6.39d 16.2
¥ 144 29 7.65d 16.2
4 134.30
5 12K 84 7.50m
[ 127.85 7.36m
7 130.30 7.36m

1630em ™" in the IR spectrum implied that 1 possesses hydroxyl, ester. .-
unsaturated ester groups and «,3-unsaturated double bond, respectively.
The 'H-NMR spectrum of 1, shown in Table I. exhibited the proton signals
due to the four methyl groups at § 0.78, 1.12, 1.34, and 1.90, two acetyl groups
resonated at ¢ 2.10 and 1.50, which was confirmed by the observation of
SC-NMR signals at § 171.54, 171.10, 20.46 and 21.17. These signals sug-
gested that 1 had a taxane-type skeleton. Proton signals due to a cinnamoyl
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group were observed at 6 7.50 (2H, m), 7.36 (3H, m), 7.65 (1H, d, J=
16.2Hz), and 6.39 (1H, d, J=16.2Hz; trans-oriented). UV absorption at
278 nm and prominated fragment peak at m/z 131 (CgH;0) in FAB-MS
supported the presence of 4 cinnamoyl group in 1. The connectivities of the
protons at the taxane skeleton of 1 were determined by the analysis of the
'H-'H COSY spectrum. Interpretation of 'H-, *C-NMR, HMQC and
HMBC spectra permitted the positional assignment of functional groups.
The 'H-NMR signals at § 5.22 (1H, brs), 4.78 (1H, brs) and 2.78 (1H, d,
J=7.9Hz) are characteristic of an exocyclic methylene and C-3 ring junc-
tion proton in a taxa-4(20), 11-diene, respectively [6]. Additionally, four
oxymethine protons appeared at lower field, they were assigned as H-53,
H-93, H-10a, and H-13/3 on the basis of "H—'H COSY and HMBC spectra.
Large vicinal coupling indicated a trans-oriented configuration of the H-943
and H-10«. The spin system derived from 18-CH,, H-133, H-14a, and
H-143 was readily interpreted. The C-11 and C-12 carbon signals showed
cross-peaks with the H-1473 resonance indicating that both C-11 and C-12
are three bonds apart from H-14/3. This means that the A ring was a cyclo-
pentene as in an 11(15 — 1)-abeotaxane structure [7,8]. The carbon signal at
6 76.75, assigned to the hydroxyl-bearing C-15, displayed a cross-peak with
the C-16 and C-17 methyl] resonances at  1.34 and 1.12. The C-1 signal
(6 61.66), apart from H-10«q, also showed three-bond coupling with the
H-3a and C-16,C-17 methyl signals. Since no cross-peak was observed
between C-16,C-17 (methyl) signals and the C-1! olefinic carbon in the
HMBC spectrum, it further supported the 11(15 — 1)-abeotaxane skeleton
for 1. The location of the acetyl and cinnamoyl groups were deduced at C-13,
C-9 and C-5 from the HMBC spectrum ( Fig. 2). The relative stereochemistry

FIGURE 2 Selected H-C long-range correlations observed from the HMBC spectrum of 1
(500 MHz). Most protons have been omitted for clarity.
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FIGURE 3 Relative stereochemistry of I, proposed by NOESY experiment (500 MHz).

of the terpenoid skeleton of 1 was determined from the chemical shifts,
coupling constants and NOESY experiment. A coupling constant between
H-9 and H-10 of J=9.7 Hz indicated that the B-ring was the chair-boat
conformation. The NOESY experiment established the relative stereochem-
istry of 1 at all the positions, and the results are shown in Fig. 3. Thus the
structure of 1 was established as 9a.13a-diacetoxy-5a-cinnamoyloxy-
11(15 — I)-abeo-taxa-4(20),11-diene-1043.15-diol.

Compound 2, which was isolated as a colorless gummy substance, had a
composition of CygH3g0y as derived from a molecular ion peak at m/z
4782571 in its HR-EI-MS. The IR spectrum had bands at 3410cm '
(hydroxy). and 1735cm™' (ester). The '"H-NMR and ""C-NMR spectra
showed well-dispersed characteristic signals for a taxa-4(20),11-diene with
signals for the exocyclic methylene at & 4.84 (1H. brs), 5.21 (1H, brs). and
carbon signals at § 115.29 and 145.12. In addition, the presence of four
methyl signals (8 0.85, 0.93, 1.66. and 2.25) and three acetyl groups wcre
verified by observation of the 'H- and '*C-NMR spectral data (Tuable ).
The proton connectivities were established by the analysis of '"H-'H COSY
spectrum. Interpretation of 'H-, *C-NMR, HMQC and HMBC spectra
permitted the positional assignment of functional groups. A methine proton
at 6 5.41 (1H, dd, J=1.9,5.8 Hz) was assigned to H-2 because it correlated
with H-3 at § 3.46 (1H. d, J=5.8H7) and H-1 at § 1.75 (IH. brd. J=
6.9 Hz). A pair of doublets at 6 5.76 and 6.05 with a large coupling constant
(/—10.5Hz) were atributed to H-93 and H-10q, respectively. Lower field
chemical shifts suggested three acetyl groups attached to C-2. C-9, and
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FIGURE 4 Relative stereochemistry of 2, proposed by NOESY experiment (500 MHz).

C-10, which was verified by HMBC spectrum. Therefore, the structure of
2 was determined to be 2¢,9q,103-triacetoxy-taxa-4(20),11-diene-5¢,13a-
diol. The relative stereochemustry of 2 was deduced from the chemical shifts,
coupling constants and NOESY experiment, the results are shown in Fig. 4.
Compound 3 was shown to have the molecular formula of CysHyO4
(mfjz 622.2782 M*, A 4-0.4mmu) by HR-EI-MS analysis. The 'H-NMR
spectrum of 3 suggested that 3 has a taxane-type skeleton. Proton signal due
to a cinnamy) group appeared at 6 7.77 (2H, d, J=6.87 Hz), 7.45 (3H, m),
7.68 (1H, d, J=15.9Hz), and 6.44 (1H, d, J=15.9 Hz). The 'H-NMR sig-
nals at § 5.41 (1H, brs), 4.93 (1H, brs) and 3.22 (1H, brd, /=58 Hz) are
characteristic of an exocyclic methylene and C-3 ring junction proton in a
taxa-4(20),11-diene, respectively. The fact that 18-CH; was a sharp singlet
suggested that C-13 did not have a hydrogen attached, but instead bore
a ketone function. In accordance with this, H,-14 displayed a large
Jeem =20.1 Hz. By means of '"H-"H COSY spectrum, the complete con-
nection network was established for H-14a-H-148-H-18-H-23-H-3a-
H-20a-H-20b-H-55-H;-6-H-7a. H-3a« and H-583 had allylic coupling with
H-20a and H-20b. Lower field chemical shift of H-2«a and H-7« indicated
acetoxy groups located at C-2 and C-7. Remaining acetate group was con-
nected to C-10, the H-10a (§ 6.12, 1H, d, /=10.2Hz) was deshielded by
neighboring acetoxy group and C-11,12 double bond. The signal at § 4.29,
which correlated with H-10« and a hydroxyl signal at § 2.58 (1H, d, J=
8.2 Hz), was attributed to H-93. The cinnamate group was located at C-5a,
in accordance with what is observed in the other taxinine derivatives [9,10].
Thus, the structure of 3 was elucidated as 2¢,73,105-triacetoxy-5a-cin-
namyloxy-9a-hydroxy-taxa-4(20),11-diene-13-one (9a-deacetyl taxinine B).
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The relative stercochemistry of 3 was deduced from the NOESY expcriment,
and the results are described in the experimental section.

EXPERIMENTAL SECTION

General Experimental Procedures

Optical rotations were recorded on a Horiba SEPA-300 digital polarimeter.
UV spectrum was run on a Shimadzu UV-1600 spectro-photometer. IR
spectra were obtained on a Jasco IR-810 instrument. MS were measured on
a Jeol JIMS-700 spectrometer using EI and FAB modes. "*C-NMR spectra
were obtained on Varian Unity Inova 500 spectrometers operating at
[25MHz, 'H- and 'H-'H COSY spectrum were measured on Varian
GEMINT 2000/300 spectrometer at 300 MHz, in CDCl; at 20°C, chemical
shifts are expressed in parts per million scale relative to that of tetra-
methylsilane (TMS, §=0) as an internal standard, and coupling constants
are given in Hertz. '"H '*C HETCOR and HMBC experiments were per-
formed on the same spectrometer, using standard Varian pulse sequences.
Open column chromatography wus performed using Merck silica gel 60
(100-200 mesh). Thin layer chromatography (TLC) was carried out with
the precoated Merck silica gel 60 Fs4 plates. Preparative TLC was per-
formed with the same type of plate as used for TLC but with 0.85 mm thick-
ness (dried for 24h at room temperature and activated for 4h at 120°C,
developed in an unsaturated tank). The spots were detected under UV
(254 nm) and/or by spraying with 10% sulfuric acid and then heating on a
hot plate.

Plant Material

The seeds of T. chinensis var mairei were collected 1n Jinggangshan, in the
south-east of China, in October 1995. The botanical identification was
made by Prof. R.L. Liu. A voucher specimen has been deposited in our
laboratory.

Extraction and Isolation

Air dried seeds (1.1 kg) were crushed and extracted with sn-hexane three
times 4l room temperature to remove the major part of nondesired neutral
components. The residue was extracted twice with methanol (McOH),
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the MeOH extracts were condensed to a residue under reduced pressure.
Subsequently, this residue was diluted with water and then extracted five
times with EtOAc. The combined EtOAc layer was further extracted with
5% HCL The EtOAc layer, upon evaporation, yielded 5.5g of yellowish
syrup, which was subjected to column chromatography (CC), which was
repeatly eluted with n-hexane:acetone (v/v 4:1, 2:1, 1:1, and 2:3). Each
fraction was then applied to preparative TLC with different developing sol-
vents (CHCl;--MeOH, 100:4.5; n-hexane-—-EtOAc, 2:3; n-hexane—acetone,
3:2), and finally compound 1 (n-hexane--acetone, 3:2, Ry 0.37,12.5mg),
2 (n-hexane—EtOAc, 2:3, Rr 0.40,3mg), and 3 (n-hexane—acetlone, 3:2, Ry
0.52, 1 mg) were separated.

9«,13a-Diacetoxy-Sa-cinnamoyloxy-11( 15 — 1 j-abeo-taxa-4(20),11-diene-
108,15-diol (1) Gum, [oz]f)4 —23° (¢ 0.01, CHCI;); IR (film, CHCI3) vyax:
3400, 2930, 1730, 1710, 1630, 1440, 1370, 1240, 1170, 1020, and 750cm ';
UV (MeOH) Apax (loge) 278 (4.1)nm; FAB-MS m/z: 605 (M +K]™), 567
(M +H]™), 549, 461, 369, 277, 223, 185, 131, 105, and 93. HR-FAB-MS:
605.2910 (caled. for C33H4,05K, 605.2514); 'H- and *C-NMR spectral data,
see Table I.

20,90, 105-Triacetoxy-taxa-4( 20 ) 1 1-diene-5¢, 13a-diol  (2) Colorless
gum; [a]?f +30 (¢ 0.01, CHCI); IR (film, CHCl3) v,y 3410, 2930, 1735,
1440, 1370, 1240, 1170, 1020, and 750 cm~'; EI-MS m/z (rel. int.): 478 (8)
(IM]1), 460 (9) (M — H,0]™), 386 (7), 358 (6), 284 (30), 256 (100), 82 (90),
and 43 (100). HR-EI-MS m/z: 478.2571 (caled. for CysH3505, 478.2565);
"H-NMR and "*C-NMR, see Table I.

20,73, 103-Triacetoxy-Sa-cinnamyloxy-9a-hydroxy-taxa-4(20),11-diene-
13-one (3) |a]%)4 +17° (¢ 0.02, CHCL); UV (MeOH) A, (loge) 277
(4.1)ynm; IR (film, CHCI3) vy 3450, 3005, 2930, 2820, 1730, 1710, 1670,
1630, 1450, 1430, 1370, 1240, 1160, 1030, and 760cm~'; EI-MS m/z: 622
(IM1%), 580, 562 (IM — AcOH]"), 502 ([M —2AcOH] '), 283, 131 and 43;
HR-EI-MS: 622.2782 (calcd. for C35H 42010, 622.2775); '"H-NMR (CDCls):
2.14 (1H, m, H-1), 5.51 (1H, dd, /=38, 2.1 Hz, H-2), 3.22 (1H, brd, J=
5.8 Hz, H-3), 5.39 (1H, brs, H-5), 1.75 (1H, m, H-6a), 2.15 (1H, m, H-6b),
5.55(1H, m, H-7), 4.29 (1H, brt, /=10.2 Hz, H-9), 6.12 (1H, d, /= 10.2 Hz,
H-10), 2.36 (1H, d, J=20.1Hz, H-14a), 2.84 (1H, dd, J=20.1, 7.7Hz,
H-1473), 1.53 (3H, s, 16-CHs), 1.68 (3H, s, 17-CH3), 2.31 (3H, s, 18-CH3),
1.16 (3H, s, 19-CHsy), 2.07 (6H, s, CH;CO-), 2.11 (3H, s, CH3CO-), 6.44
(1H, d, J=159Hz, 2’-H), 7.68 (1H, d, /=159Hz, 3'-H), 7.45 3H, m,
Ph-H), 7.77 (2H, d, J=6.9Hz, Ph-H); NOESY correlations (CDCl;,
H/H): 172, /1448, 1/16, 1/17, 2/9, 2/16, 2/19, 3/7, 3/10, 3/14c, 3/18,
5/6a, 5/6b, 5/20b, 9/16,9/19, 14¢/18, 19/20a.
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